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CHAPTER I 

INTRODUCTION 

Because of the high protein content (approximately 60%), 

properly processed cottonseed has a great potential as food for 

humans (1). Children have demonstrated adequate nutritional status 

afte r six months of consuming diets supplemented with cottonseed 

prot ein (2, 3). In young adult women, cottonseed protein has been 

fo und to maintain nitrogen balance at 0.106 g nitrogen per kg body 

we i ght (4). Bucko-Monroe and Thomas (5) demonstrated that calcium 

status of youn g wome n was not affected by a diet in which cottonseed 

flour supp li ed 99% of the protein. Although there has been research 

into the use of cotton seed as a source of dietary protein, most has 

been done with young college age women and children. Little has 

been done to det ermine the effects of cottonseed flour as a protein 

source on t he e lderly. 

Ad vances in medical care have led to an ever increasing 

populat i on of e lderly people. With this increase in numbers is a 

concomita nt need f or information pertaining to specific requirements 

associated wit h ag in g. Th e health and longevity of the elderly are 

affect d by phys i ol ogica l, pathological, psychologic, economic, 

socio l ogic , and phys i ca l fa ctors. These factor s in turn, affect 

food choices and habits in the elderly (6). 
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The established recommended dietary allowance of protein for 

adults remains the same for men from age fifteen and for women from 

age nineteen (7). The planning of nutritionally adequate diets for 

older people i s base d largely on the extrapolation of data from 

studi es with he althy young adults (6). Muscle accounts for over 50% 

of t he total body pool of free amino acids (8). Mus cle mass 

decreases with age , but the affect this decline has on total body 

amino ac i d meta boli sm and dietary requirements for amino acids is 

not known. 

The nut ritional attributes of a protein can be evaluated in 

many ways . R sult s of s tudies examining the relationship between 

dietary i nta ke and pl asma amino acid levels are conflicting. 

Nonethe l ess , plasma amino acid profiles remain one of the more 

acc _ptable and wi de ly used mea ns of assessment. Most investigations 

have uti li zed unusually high or unusually low intakes of protein and 

monitored postpra ndi al pl asma levels. Few of the studies included 

th lderly . 

The growing i nteres t in the use of cottonseed as a protein 

sourc , the l i mited research in this area with the elderly, and the 

need for ident i f i cation of any alterations in amino acid statu s of 

the eld rly inc i dent to chan ge i n di et ary protein, led to the 

initiation of th i s study. The pu rpo se of this study was to determine 



the comparative effects of beef versus cottonseed protein on the 

amino acid status of healthy elderly women as reflected in the 

plasma and urinary amino acid profiles. 

Th e following were the specific objectives of this 

investigation: 

3 

1. To analyze and compare the following amino acids in plasma for 

eac h dietary period i.e., mixed protein, defatted beef, and 

cottonseed protein; arginine, leucine, threonine, alanine, 

citrull ine, glycine, histidine, isoleucine, lysine, 

meth ionine , ornithine, phenylalanine, proline, .serine, 

t aurine, tyrosine, valine, glutamine, and phosphoethanolamine 

2. To analyze an d compare t he following amino acids in urine 

during eac h dietary period: phosphoserine, alanine, glycine, 

3- ethy lhi stidine , phosphoethanolamine, cysteine, histidine, 

taurine , l eu cine, threonine, methionine, serine, and 

cystathionine 

3. To ca lculate and compare the nonessential to essential amino 

acid ratios during ea ch dietary period in th e plasma using the 

formula : 

NE:E = 

4 . To compare the effects of dietary source of protein on pla sma 

and urinary am ino acids whe.n the amino acids are considered on 

th ba s is of structure and/or function 



CHAPTER II 

REVIEW OF LITERATURE 

Phy s iol ogi c Changes with Aging and the Effects 
on Prot ein Metabolism 

In ma n, aging is so modified by disease that its true 

cout·se is unk nown (9). Chronic diseases occur with increasing 

f requency as agi ng progresses. The role of long term nutrient 

inta ke in pat hogenesis of these diseases (such as osteoporosis, 

di abetes , hy pe rtension, and atherosclerosis) remain uncertain (7). 

Ther are change s that occur on the molecular level with aging that 

are assoc i ated with both structural and functional modification in 

most orga n systems (10). 

Red uct i ons in organ system functions are commonly found with 

ag ing . These organ systems are not affected uniformly. Howell and 

Loeb (11) grouped changes according to their effect on nutritional 

status: (a) in te r fe rence with nutrient intake, (b) interference 

with a sorpt i on , s torage, and utilization of nutrients, and (c) an 

increase in excre tion and need for specific nutrients. Contributing 

physiologic chang s i nc lude reduced motility of the stomach, a 

reduction in the pe ri st altic activity of the intestine and colon, a 

gradual loss of fun cti oning nephrons, and a decrease in activity/ 

tur ov r of severa l di gest ive and metabolic enzymes (11, 12, 13). 
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These alterations alone could affect the efficiency of 

absorpt ion, transport, and excretion of nutrients in general, and 

proteins and amino acids in particular. The practical effects of 

these changes on nutritional status have been discussed and 

questioned (14). 

A pattern of decreased activity has been demonstrated in 

mat ure mammals with increas ing body size for cellular and sub­

cellular aspec ts of protein metabolism such as plasma albumin 

synt hesis , liver RNA content, and enzyme activity. This pattern 

has been xtrapolated to aging man and reviewed extensively by 

Mu o (15) . 
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More recent ly, Young {6, 16) demonstrated that the loss of 

muscle mass accompa nying ag ing is associated with a 63% reduction in 

the protein turnover as compared to young adults, when expressed in 

t rms of body weight . An increase in protein turnover was found 

when expressed per g crea tinine exc retion. These findings were 

; erpreted to i nd icate that there is a shift in the distribution of 

body protein synthes i s with aging. The shift is directed toward 

ac iv vi scera l tissues relative to whole body protein metabolism, 

and is accompanied by a decline in both the rate of muscle protein 

brea down and synthes i s in the elderly subject {6). These findings 

have b e supported by studi es exam ining the comparative excretion 

of 3-me hylhistidine in young adu lts and the elderly (17). Long, et 
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al (18) demonstrated that the measurement of urinary 3-methyl­

histidine is a valid measure of the amount of 3-methylhistidine 

rel eased by prote in breakdown and can be used as a procedure for 

evaluating protein turnover in man. Using data on the urinary 

outpu t of 3-methylhi stidine and the estimated protein-bound 

3-methylhistidine in subjects• muscle tissue, the daily breakdown of 

sk l et al muscle protein can be computed (19). Protein metabolism 

and req uirements for the elderly may differ from that of young 

adult s , whether one is cons ide ring the process of aging itself or 

t he phys iol og i ca l changes and diseases associated with it. 

R gulatio n of Pl as ma Amino Acids 

Pl asma am ino acid concent rations reflect the balance of their 

inf l ow (di ta ry intake, rate of gastric emptying, intestinal 

absorption , r ea bso rption in the kidney, release from endogenous 

rot i n stor s , and net endogenous synthesis of nonessential amino 

acids) , and t heir outflow (uptake into the liver and nonhepatic 

tissues , endoge nous prot ein synthesis, and catabolism) (20, 21). 

Protein co sume d in th e diet is en zymatically hydrolyzed in the 

stomach and sma ll in t stine into sma ll peptides and amino acids. 

Th s are comb ined with endogenous pro teins su pplied by intes tinal 

s cretions and ce ll s shed from the mucosa . The amino acids are 

transported across t he ep ithelial cel l s of the intestinal mu cosa, 



enter t he blood via the portal vein, and combine with amino acids 

com i ng from the tissues to form the plasma amino acid pool. 

7 

Competitive inhibition of intestinal absorption exists between 

amino acids (22 ). Intestinal perfusion experiments with man have 

shown that the abso lute amount of the individual amino acids 

absorbed from a mixture depends directly upon its amino acid 

composition in te rms of molar ratios. More specifically, when 

valine is perfused with a mixture of amino acids saturation occurs 

at 10 mM concentration , wherea s perfusion of valine alone is marked 

by the absence of saturati on at 60 mM concentration. The 

intest inal absorptio n of amino acids is sodium-dependent (23) and 

tak s pl ace at a faster rate when in the form of small 

p ptid s (L4) . 

Th pla sma amino aci d pool, though small compared to the total 

body pool, is in rap id flux with the extravascular pools and may be 

a sens i ive indic ator of the state of depletion or repletion (25). 

Th fact that plasma amino ac id level s fluctuate less than 50% 

despite dietary i nta kes tenfold greate r than the amounts of amino 

acids initially present in the extrace llular space, further 

implicates th e importance of tissue uptake and metabolism in the 

contro l of amino acid levels in plasma (21 ). The interorgan 

exchange of amino acids via the plasma has bee n reviewed by 

F lig (26) . 
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Since the classic work of Schoenheimer, Ratner, and 

Rittenberg (27), the fact that proteins and amino acids are in a 

dyna mic equilibrium in mammals has been accepted. The dynamic state 

of protein and amino acid metabolism has been reviewed by Albanese 

and Orto (28) and Longnecker (29). A schematic representation of 

this dynamic stat e is shown in Figure 1. 

Th body attempts to control the total concentration of blood 

amino acids at a steady-state within relatively narrow limits at the 

expense of one or more individual components (30). The metabolism 

of certain amino aci ds therefore, can be altered or tissue 

co ncentrations reduced without affecting nitrogen balance. 

Within indi vidu al s the regulatory mechanisms that control 

vari ations of a1nino ac ids in plasma are partially dependent on 

ci cadian rhythms (31), nutritional factors {20), age (32), and sex 

(33 ) of a healthy individual . Between individuals, normal variation 

in pl asma co ncentrat ion of amino aci ds is usually defined either in 

terms o tt e fa sting mean value+ one standard deviation or as the 

man va lu and rang of data (24). Recognit ion of such factors is 

impo r ant if aberrations in plasma amino acid levels are to be 

r ecog niz ed. 

Pl asma Am ino Acid Profiles of the Elderly 

No rma lly there is an extensiv cellular reutilization of the 

amino ac id s re lea sed during the course of protein breakdown. If 

t hese ra es of synthesis and breakdown change , or the deg ree of 



Tissue 
Mass 
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Intesti nal 
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Amino Acid 
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Anabolism 

Deaminated nitrogen 
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9 

Biosynthesis of enzymes, 
hormones, etc. 

Figure 1. Dynamic eq uilibrium state of protein metabolism (28). 
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am i no aci d r eutilization is altered as aging progresses (6), this 

would be expected to be reflected in the plasma amino acid profile. 

The li te rature is at variance as to alterations that occur in 

the amino ac i d prof ile with aging (32, 33, 34, 35, 36). 

Bertolini (34) an d Ga lante (33) found an increase in plasma amino 

acids i n women wi t h age . Wehr and Lewis (32) and Milsom and 

co-workers (36 ) fo und no differences with age, with one exception. 

W hr and L wis (32 ) fo und ornithine to be higher in the elderly. 

Ac k rn ta nn and Kheim (35) fou nd the plasma amino acid levels of 

lder ly subjects to be gene rally lower than those of young adults. 

Be rtolini (34) has sugges t ed that the observed differences 

b t ween mal s and fema l es in t he concentration of certain plasma 

am ino ac ids , reflect t he sensitivity of these amino acids to 

endoc rine regulation . Endocrine regulation may play a role in the 

cha ges of pl as ma amino ac id l evel s that have been observed with 

agi g , espec i a lly among fema l es . En docrine factors in combination 

wi t h t h i nt insic phenome na of aging, may result in alterations in 

as ing pl as ma amino acid l evel s . It is appropriate then, to group 

subj cts according to both age and sex wh en studying plasma amino 

acid l ev l s . 

Eff ct of Diet on Pla sma Amino Ac id s 

Res ul ts from numerous studi es examinin g the relationship 

betw n dietary intake and plasma amino ac id l evel s have been 
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conflict ing (6, 20, 25). Most have used unusally high or unusually 

low levels of protein intake and have measured postprandial plasma 

leve l s of amino aci ds. 

Mclaughlin (37) has stated that a moderate deficiency of an 

am ino acid in th e diet of a growing animal leads to an inordinately 

l ow concentration of that amino acid in the plasma. Mclaughlin 

concluded that, althoug h there is usually a good correlation between 

t he amo unt of an amino acid in plasma and in the proteins fed, other 

di ta ry constituents may influence plasma amino acid concentrations. 

Harpe r (20) observed that dietary amino acid imbalances cause 

changes i n pl asma ami no acids within a short time after ingestion. 

T h c a rH J f • s r P r s i s t f o r se ver a l h o u r s a f t e r the 111e a l and seem to be 

reinf reed by consecutive mea l s . McCarver (38) found that essential 

amino acid patt r ns in the postprandial plasma of elderly subjects 

paral l led t hos e f ound in the cottonseed formula consumed. Sneed 

(39) fo und t hat fa sting pl asma amino acid concentrations of lysine 

r fl ct d th e di etary intakes more re liably than for .any other amino 

acid . The s i gnific ance of diet with regard to plasma amino acids 

ha s b n re vi ewed by Young and Scrimshaw (40). 

Swense i d (25) f ound that, in adult human subjects, levels of 

so amino ac i ds in plasma change with di etary intake, while others 

remain re l at iv ly constant . Swense id has suggested that the amino 

acids required in th e diet for mainte nance of nitrogen equilibrium 

could be divided in to two ca tegori es on this basis. Several liver 
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enzyme act iviti es involved in the catabolism of the essential amino 

acids a re responsive to alterations in dietary intake {20, 25). One 

possib l e exp l anat ion is that, for some amino acids, the alterations 

in the catabolic rates that might be associated with different 

amounts of dietary protein or amino acids may occur rapidly and be 

of suf icient magn i tu de to maintain relatively constant levels of 

these amino ac id s in plasma (25). The question of whether ability 

to accom odate to alte rations in amino acid intake is affected by 

ag emains to be answered. 

Plasma Amino Acid Ra ti os 

As an alternat ive to examining absolute values of amino acids, 

som investigators hav e cho sen to look at amino acid ratios in the 

plasma . Whitehead and Dean (41) have proposed that a ratio of 

no ssential to essen ti a l am ino acids in a fasting plasma sample is 

a eliable index of a child 1 S nutritional status, using the 

.qua ion: 

E:E = g lycin.+se rin~+g luta~ine+tau~in~ 
~1 -e~u~c~i~n~e+~,-so~l~e-u-c~,~n~e~+-v-a~l~,-n-e~+m_e_t~h-,~o-n~,-n-e 

An i dex of 2. 0 or below is indicative of optimum nutrition, whereas 

a ratio above 4. 0 is assoc i ated with clear signs of malnutrition. 

Using this equa tion, in a stu dy of young adult women, Sneed (39) 

a lso fou d an increasing index as protein intake decreased. At the 

lowest intak of 7.0% of kiloca lori es , the average rat io was 3.28. 
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Fernst rom and others (42) examined plasma amino acid ratios in 

rel at ion to vary i ng amounts of dietary protein and found that the 

rati o of pl asma try ptophan, tyrosine, or phenylalanine to the sum of 

other large neut ral am ino acid s fe ll as the protein content of the 

diet increased . The group of neutral amino acids included tyrosine, 

tryptophan, phenylalan i ne , isoleucine, valine, methionine, and 

leu cine . Conversely , the rat io of valine to the sum of neutrals 

increased as prote in was added to the diet. There was no 

co rrel ation between die t ary protein and ratios for either leucine or 

isoleucine . 

Anderson and Blend i s (43) found that plasma tryptophan/neutral 

am i o ac id ratios corr·elated wi t h bot h long term and immediate 

quantity of p otein cons ume d. The pl as ma tyrosine/neutral amino 

acid ratios corre lated wit h t he long term energy consumption of 

individuals . No corre lat i ons were found us ing tryptophan/branched­

cha i amino ac ids or aci dic am i no ac ids/branched-chain amino acids. 

S ura lly an d Functio nal ly Rel at ed Amino Acids 

Mos in forma tion in the literature concerned with plasma amino 

acids acco rding to their structura l or functional groupings has been 

in th a ea of inborn errors of meta bolism. The topic of inborn 

e rors 0 m tabolism is beyond t he scope of this study and will not 

b r viewed here . 

Th are various ways for categor i zi ng am ino acids . For the 

p rp s of hi s study, am ino acids wil l be grouped as f oll ows : 
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1 . Ne utral 
2. Basic 
3. Branched- cha in 
4 . Aromatic 
5. Hydroxyl ated 
6. Urea cyc l e 

As a group , the most widely studied amino acids in recent 

years have been the branch ed-chain amino acids. The branched-chain 

amino ac ids are e l evated in diabetes and obesity (47) and are 

abno rn1 lly low in chron i c live r disease (48). Fernstrom and 

oth rs (4~) found that pl asma concentrations of leucine, isoleucine, 

and valine each varied di rec tly with the quantity of protein in the 

di t . In add i t ion to bra nched-chain amino acids, Fernstrom and 

others (42) fo und that the aromatic amino acids phenylalanine, 

tyrosin , and tryptophan a l so varied during the day with the amount 

o protein in the di et . A s imilar pattern was seen for methionine. 

The smaller molec ul ar we i ght neutral amino acids glycine and alanine 

vari d inversely with dieta ry prote in content. 

Th comparison of fast in g plasma amino acids in young adult 

emal s while c nsuming mixed prote in, cottonseed protein, or beef 

otein di t r v a l d some differences (49). The concentrations of 

branch d-chain and neutra l am ino acids were significantly higher 

during t period in which the prote in was obtained from a mixed 

di t . o diff rences in plasma co ncentrations of the sulphur 

contai ing amino ac ids , cystine , and methionine incident to dietary 

sourc of prot .in w re fo und . 
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Regulation of Urinary Amino Acids 

Urinary l oss of free amino acids is principally the result of 

a balance between filte red load and tubular resorption (44). The 

patt r and concent rat ion of amino acids present initi ally in the 

glomerular filtrate and the eff iciency of the absorptive process 

modulate the composit ion of the final urine (24). Between certain 

i dividual as well as groups of amino acids, there exists 

competition or reabsorpt ion in the tubules (45). Four distinct 

amino acid transpo rt systems have been classified within the 

rna mma l i an k i d y ( 46 ) : 

1. The n utral system 
2. The basic system 
3. The acid ic system 
4. Th iminoglycine system 

These c m ting transport systems could be responsible for changes 

in the excr tion of indiv idual am ino acids with no apparent changes 

it ogen balance . 

Amino acids a r e acti vel y absorbed through the tu bular 

epith lial cells of the proximal tubule by means of a 11 Symport 11 or 

simul n ous transport of two compounds in one direction (50, 51). 

The amino acids are transported from the tubular lumen through the 

brush border by comb ining with a carr ier molecule. A sodium ion 

also com i s with t he carrier . The passage of sodium down its 

cone tration gradient causes simultaneous transport of amino acids 

a ai st th ir concentration gradient (50). In certain animal 

tissu s glutathione has b n ostul ated as the carrier molecule 



after t he am i no acid has been bound to a specific membrane site 

through a membrane- as sociated protein (52). 
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In the no rma l adult, only about 2 to 3% of the total urinary 

ni t rogen i n bladde r ur ine i s accounted for by amino acids, and this 

f r ac t i n represen t s l ess than 5% of the filtered amino acid 

load (24) . When the filtered loads are increased, the amounts of 

am i no ac id bo t h excre ted and reabsorbed are increased (45). The 

l i te ature on th e uri nary excretion of amino acids prior to 1970 has 

bee extens ively revi ewed by Albanese and Orto (54). 

Tweksbury and Lo hrez (53) studied the circadian nature of 

ami o aci d exc r tio n an d suggested that a basic rhythm existed under 

h co t rol o ndog nous facto r s and that the effects of ingestion 

o ood ar added to the bas i c rhythm. The basic rhythm is 

c aract r i z d by maximum excretion value at mid-morning and minimum 

excretion va lue in the ea r ly morning hours. 

Uri o Ac id Profi l e 

Diet , age , sex , and phy sio l og i cal status, as well as disease 

oc sses , each acco unt for some of th e variation found in urinary 

amino acid profil s (24) . There is, however, considerable variation 

excr tion of free ami no ac ids , even in an apparently 

omog us group of normal i ndiv i du als. 

Ther are gr a t di screpanc i es in me thods of collection and 

expr ssions of conce ntrat ion for uri na ry amino acids making survey 

com ariso s difficul t . Ur i nary amino acid concentration s have been 



report d from collect ion s of f our hour urines from fasting 

subjects (55) as opposed t o 24-hour urines from non-fasting 
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subj cts . The l atte r i s the usual and pref er red procedure. The 

values obtained h ve been expressed as ug/mg creatinine (55), um/g 

cr a ine/3 hours (53), um/2 4 hours (56), and mg/24 hours (57). 

Sou art (58 ) stimated t hat glycine , taurine, histidine, 

1-m hyl is idin , 3-methyl hist idi ne , glutamine, serine , alanine, 

d ami o butyric ac id, in desce nding order, account for 85% of 

0 r amino ac id excretio n. Stein (59) ten years earlier 

d ou d a 70% of the amino acids det ermined in a 24-hour sample 

could account d for by taurine , glycine , histidine, and methyl-

is idi Aspartic acid , glutamic ac id, proline , methionine, and 

a gi in virtu ll y abse nt (10-15 mg per day) in a freshly voided 

sample om a norm l subjec t (40 , 59 ). 

A r cogn ized ag difference ex i s t s for urinary amino acid 

exc r i o we norntal newborns and normal adults ·(58). The 

orn h s a igh r rat of ur i na ry am ino acid excretion relative 

to to al xc tory nitrogen . Dur i ng t he first few years of life, 

e ami o acid pattern of the urine cha nges towa rd that of an 

adult (40) . The higher clearance rates in infancy reflect lower 

ra s of ubular r abso rption in thi s age group. Changes in the 

sp cific activiti s of various tra nsport s ites during deve lopment 

and an ; crease in the absorptive area wi th maturation, explain, in 

par , th age-dep ndence of aminoac i dur i as . As there is a loss of 
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functionin g nephrons with age, it is possible that differences exist 

the urinary am ino acid profile between the young adult and aged 

adult . 

Effect of Di et on Urinary Amino Acids 

The poss ible re l ationship between nutritional value of dietary 

prote i n and urin ary amino acid l evels has not been so extensively 

i ves ti ga t ed as that of plasma levels. The factors affecting free 

amino acid xc retion in normal healthy adults have been listed by 

Soupart (58 ) as : (1) menstrual cycle, (2) normal pregnancy, 

(3) hormo al fac or s , and (4) high protein diets. Although Soupart 

(58 ) lis d hi gh pr otein i ntakes as a factor, Soupart added that the 

r e ami o ac id exc retion is poorly influenced by a supply of up to 

4 g ot i n/ g o body weight per day. 

Bloc a d othe r s (60), us ing two human subjects, and 

St in ( 1) us ing on subject , found that the amino acid composition 

o urine in norma l i ndividuals was relatively insensitive to the 

amou of pro in in the diet . Ste in and others (60) reported that 

a 13 - old increase in dietary protein resulted in a 2 to 3-fold 

c ease in the urin ary excretion of most amino acids. Block (61) 

adnlinis ered an additional 9 g of free L-methionine at two levels of 

prot ; ; ake . Thi s resulted in an increase in urinary methionine, 

but the excretion did not exceed 1% of the methionine ingested. 

Adibi (44) examined urinary amino acids in obese and normal 

subjec t s duri g s ort te rm st arvation and isocaloric, protein-free 
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fe ding . The results indicated no differences in the excretion of 

eig ht amino acids s tudied between the fasted and protein-deprived 

subjec ts. There was however, a significant difference in the 

excr tion rates of six amino acids. Leucine, isoleucine, valine, 

and ami no-isobutyric aci d were lower in the protein deprived 

group as compared to the starved group; whereas, taurine and alanine 

we igher in comparison . Adibi (44) concluded that the difference 

xcr tion patterns of free amino acids was principally a 

re ction o di fere nces in plasma amino acid composition during 

h s al _red utritional states . A hyperaminoaciduria similar to 

t at s the s t arved gro up is associated with protein-calorie 

ma l utri ion (40) . 

Nass a d Tulley (62) found no correlation between the 

biological value of ingested protein and the total amount of 

s s t i a 1 an li o a c i d s x c rete d i n the u r i n e . M i c rob i o 1 o g i c a 1 

t c niques w re mp l oyed in the ir investigation as the automated 

c roma agrap hic proc dure s used today were not available. In his 

r vi w of urinary nitrogen metabolites , Kiriyama (63) stated, "It 

may be s id with r s rvation that in spite of many investigations, 

we have o o tained conc lu s ive data to suggest the definite 

carr la io b tw n the am ino ac id excretion pattern and the quality 

and qua tity of dietary protein ." 

However , some i vesti gato rs have observed differences. 

Ad rson and Lin swil r (56) admin i stered casein and amino acid 
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diets to young men whe re the nonessential nitrogen was furnished by 

different sources . Severa l differences in amino acid excretion were 

found , with the tendency for total amino acid excretion to be lower 

when casein was given . The excretion ratio of some amino acids to 

intake of that amino aci d has also been found to reflect the state 

of prote in intake (64) . 



METHODS AN D PROCEDURES 

The pr J n study in vest i gated the comparative effects of 

dieta Y cot o s d or def atted beef protein on the plasma and 

u ina Y cid r il s of hea l t hy e lderly women when each provided 

90% o die ry prote in , respect ive ly. All procedures in the present 

s · udy w r 

R vie 

Subj c s 

T 

a prov d by t he Texas Woman's University Human Research 

nmi tt 

h al hy ld rly wome n 65 -93 years of age participated in 

-w k s tudy . All subjec t s we re local Denton, Texas 

r sid s . i ht su j cts lived at home and two were residents of 

F i hav ursing Hom in Denton . Eac h subject was examined by a 

lice s d physicia a d determin ed to be in good health, capable of 

blood drawn , and to be wi t hout disease. All subjects were 

on-smo 

qui 

p ram 

s l ctio 

im 

s . Th ag , hei ght, weig ht , and calculated caloric 

s or each partic ipant are given in Table I. Biochemical 

of pro in status are gi ven in Table II. Subjective 

wa s bas d on in eres t , moti vation, and understanding of 

a 1 p otoco l . 
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Subj ct 

3441 
3442 
3443 
3444 
3445 
344 
3447 
344 
3450 
3451 

TABLE I 

AGE, HEIGHT, WEIGHT, AND CALOR!~ REQUIREMENTS 
OF EACH PARTICIPANT 

Energy 
Age Height Weight Requirement 

(Y ears ) (Cent imeters) (Kilograms) ( Kca l ) ( Kca l I Kg) 

87 157 . 5 58.41 1597 27.34 
93 147 . 3 42.05 1384 32.91 
87 152 . 4 46.36 1435 30.95 
82 163 .8 75.45 1854 24.56 
72 164 . 5 67.27 2015 29.95 
77 165 . 1 69.00 1607 23.29 
65 165 . 1 86.14 1894 21.99 
71 154 . 9 77.70 1930 24.84 
78 158.8 62.95 1962 31.17 
68 154.9 80.00 1977 24.71 
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Kcal as 
Protein 

% 

12 
10 
10 
13 
11 
14 
15 
13 
10 
13 

1caloric r qui rements of eac h participant as computed by the 
H is- diet quat i on {65). 

TABLE I I 

I IITIAL PROTEIN STATUS OF PARTICIPANTS AS 
INDICATED BY VARIOUS PARAMETERS 

Plasma Plasma Plasma Plasma Blood Blood 

Tota l Pro. Albumin Globulin A/G Hemoglobin Hematocrit 

Subj c ( g/ dl ) ( g/ d 1 ) (g/dl) Ratio (g/dl) (%) 

3441 6 .8 4 . 0 2.8 1.4 13.1 38.3 

3442 7. 2 4. 3 2.9 1.5 13.1 39.3 

3443 6 .1 3. 6 2.5 1.4 14.7 41.7 

3444 6. 2 3. 5 2. 7 1.4 13.0 38.3 

34 5 6 .9 3.7 3. 2 1.2 12.9 37.9 

3446 6 . 8 4 . 1 2.7 1.5 13.3 38.9 

3447 7.1 4.0 3 .1 1.3 13.5 38.7 

3448 . 3 3.9 2.4 1.6 13.1 38.5 

3 0 .8 4 .0 2.8 1.4 13.8 40.3 

34 1 7. 0 4.1 2.9 1.4 13.9 40.9 
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Di s 

The study of the plasma and urinary amino acid profiles 

valved a comparison of diets containing 90% of the protein from 

either gla dless cottonseed flour or defatted beef. During the two 

equilibration p riods, the subjects were provided a mixed protein 

die t at met individual requirements. 

The gla dless cottonseed flour was obtained from Texas A & M 

U i rsity and made into wafe rs that were ground into powder and 

com d with casse role dishes . The beef was defatted by hexane 

ex ac io (U SDA R gional Researc h Center, New Orleans, Louisiana). 

Th d a t d b f was then baked with corn oil margarine at 350°F 

n mi ut s to improve pa latability and combined with the same 

b sic cass ol dishes . Samp le menus may be found in Appendices A 

a d B. 

Caloric quirements were determined by the Harris-Benedict 

q a io (65) which takes height, weight, age, and activity into 

acco at p ovided 35% of total kilocalories whereas protein 

( .8 g p r ilogram body weight) and carbohydrate composed the 

r i d r of the ca lories . All fat was in the form of corn oil and 

co oil rna g rine. 

All ingredi ts were weighed individually prior to preparation 

o cip s a d h' fina l product weighed after preparation. 

ut t cant nt of the fin al product was then calculated on a per 

g am as is . u ; n content of all other food i ter11s used were 
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calculated on a per gram ba s is using USDA Handbook #8 (66) and #456 

{67) . All food po rtions were weighed individually prior to service. 

Vitamin a d minera l supp lements given are presented in Table III. 

Calci um supp l ements were gi ven daily in the form of calcium 

gluconate . Amino acid ana lysis of the experimental proteins are 

give i Tab l e IV . 

Expe imental Desig n 

T t n p rtic ipants were r andomly and equally divided into 

two grou s for the durat i on of the study. The study consisted of 

ou 3- k di ary periods . The first and third provided the mixed 

pot diet , while the seco nd and fourth provided the experimental 

di s in a crossov r design as di agra mmed in Figure 2. 

Th subj cts w re transpo rted three times daily to the feeding 

sit a d r u d to their resi dence after each meal. Fasting blood 

sam 1 s wer d aw y a qualified technician every five to six days 

duri g ach di t ry riod . The mean of the last two consecutive 

blood d aws for eac h di etary peri od are reported. Urine was 

co 11 c d on 24 -hour basi s and a 10% a l i quot from each 24-hour 

volum as call cted to form a f ive-day pool. Collection jars 

con ain d 1 ml tolu ne as a preservative. All samples were frozen 

un il analyses could be performed . All analyses were run in 

du licat a d m a s were used for sta tistical analyses. 



TABLE III 

COMPOSITI ON OF VITAMIN AND MINERAL SUPPLEMENTS! 

Vitamin or Mi nera l 

Vitamin A 
Vitamin 0 
Thiamine Mononitrate 
Riboflavin 
Pyridoxine HCl 
Cyanocoba l amin 

i ac inamide 
Ca l cium Pantothenate 
Sodium Asco rbate 
Vitamin E 
Potas s ium Iodide 
I on 
Coppe r Sulfat e 
Manganes _ Sul ate 
Mag sium 
Z i ~u l at 

Daily Intake 

10,000 I.U. 
400 I. u. 

10 mg 
10 mg 
5 mg 
5 meg 

100 mg 
20 rng 

200 rng 
15 I. u. 

.15 mg 
12 mg 
2 rng 
1 mg 

65 mg 
1.5 mg 

1skill rn's Therapeut i c M, Skillern's Drug Stores, Dallas, 
Texas 75221 . 
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TABLE IV 

COMPARISON OF AMINO ACID CONTENT 
OF GLANDLESS COTTONSEED FLOUR 

AND DEFATTED BEEF 

Cottonseed Flour Defatted 
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Beef 

g/ 100 g g/100 g g/100 g g/100 g 
Amino Acid Flour Protein Flour Protein 

1. 59 2.76 2.68 3.11 
1. 58 2.74 4.06 4.71 
2. 93 5.08 6.86 7.96 
2 . 35 4.07 7.22 8.38 
1. 22 2.11 2.37 6.23 

nine 2 . 99 5.19 3.55 4.12 
1. 66 2.88 3.82 4.78 
2 . 43 4. 21 4.20 4.87 
3 . 69 6.40 5.39 6.26 

. 58 11.42 5.44 6.31 
Acid 4 . 79 8.31 7.96 9.24 
Acid 10 . 90 18.92 13.39 15.54 

3 . 40 5.90 5.12 5.94 
2 . 21 3.83 4.08 4.74 
2. 32 4.02 3.44 3.99 
1. 66 2.88 2.95 3.42 

Proc du res 

Bo plasma a d urinary am ino acids were separated on a 

B c ma 1211 mic ocolumn am ino ac id analyzer according to the 

proc d s outli d y Beckman (68) based on the original work by 

S i d Moo (69, 70) . Blood samples, which were collected in 
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heparinized tubes, were immediately deproteinized in preparation for 

analysis by ion-exchange chromatography. After deproteinization of 

2.0 ml of plasma with 90 mg of sulfosalicylic acid crystals, the 

supernatant plasma samples were diluted with an equal volume of pH 

2.2 sodium citrate buffer which contained norleucine and amino 

guanidino propionic acid as internal standards. The samples were 
c ,.1 

then passed through a filter of pore size 0.45 um. Samples were 

frozen until time for analyses. 

A 5.9 ml portion of the five-day urine pool was adjusted to pH 

2.2 using narrow range pH paper. The pH adjusted urine was then 

d i1 u ted 5 : 1 , w} t h pH 2 . 2 sod i u m c i t r a t e buffer con t a i n i n g the sa me 

internal standards as the plasma but in greater concentrations. The 

diluted sample was then passed through a filter of pore size 0.45 urn 

and the sample frozen until time for analyses. 

Statistical Analyses 

A repeated measures design was applied to the mean plasma and 

urine values of each dietary period. Values were tested at 

{P 0.05) a~d (P 0.01) levels of significance by the Newman-Keuls• 

procedure for repeated measures. Simple correlation and regression 

were perform~d with the plasma and urinary values. Values are 

reported with standard deviation and not standard error of the mean. 



CHAPTER IV 

PRESENTATION AND DISCUSSION OF FINDINGS 

The following is descriptive information of the amino acid 

profile in the plasma and urine samples of healthy, elderly women 

who were fed cottonseed flour or defatted beef as 90% of their 

protein source. 

Fasting Plasma Amino Acids 

Means and standard deviations for fasting plasma amino acids 

in the ten subjects are reported in Table VI. Aspartic acid is not 

reported in this study because, for most subjects, values were low, 

usually below analytically reliable 1 imits. Cysteine or one-half 

cystine is not reported due to poor reproducibility in duplicate 

runs. 

A comparison of fasting plasma amino acid levels previously 

estab 1 i shed in e 1 der 1 y \'/Omen (Tab 1 e V) , with those from the present 

investigation (Table VI), indicate that thirteen of the nineteen 

initial fasting amino acid values were lower in this study than 

these reported in the literature. All initial plasma amino acid 

values were lower than those values for the remainder of the study. 

The initial values for citr·ulline, phenylalanine, tyrosine, leucine, 

and alanine were significantly lower (P 0.05) than throughout the' 
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Amino 

TABLE V 

CONCENTRATIONS OF AMINO ACIDS IN THE PLASHA 
OF FEMALES OVER 63 YEARS OF AGE fOUND 

IN THE LITERATURE 

um/100 ml 

Acid Ackerman (35) Galante (33) McCarver· 

Threonine 14.55 14.08 12.90 
Valine 21.64 21.08 20.30 
Methionine 2.32 1.50 3.00 
Isoleucine 6.85 5.40 5.70 
Leucine 11.74 12.60 ll.B9 

Phenylalanine 5.54 6.40 4.35 

Lysine 12.37 17.70 22. 11 
Histidine 8.95 6.30 7.59 

Aspartic Acid 2.05 3.50 
Serine 9.08 14.90 10.04 

Glutamic Acid 
7.76 

Pro 1 i ne 19.92 19.20 18.84 

Citrulline 4.40 
Glycine 20.82 32.30 30.28 

Alanine 
amino butyric acid 1.70 

Ornithine 6.32 11.70 
Arginine 7.05 7.70 11.73 

39.H5 
Glutamine 
Tyrosine 5.89 6.70 5.76 

30 
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TABLE VI 

MEAN CONCENTRATION OF AMINO ACIDS IN FiSTING 
PLASMA OF ELDERLY FEMALE SUBJECTS 

Source of Dietary Protein 

Amino Initial 2 Equilibration Defatted Equilibration 
(~1i xed) Acid (Mixed) (Mixed) 

Ornithine 7.32± 8.563 6.84± 1.66 
Histidine 4.36± 2.44 6.38± 1.24 
Glycine 23.13±14.17 30.55±11.64 
Phenylalanine 2.82± 1.61 4.49:: 0.65 
Proline 16.99::15.71 19.60::12.32 
Serine 8.30:±: 5.22 10.77:: 2.85 
Taurine 4.20:±: 2.67 5.44:: 1.37 
Lysine 15.65± 9.14 20.66= 8.15 
Methionine 1.37± 0.86 1.98: 0.49 
Citrulline 2.29: 1.34 4.75± 1.35 
Isoleucine 2.89: 1.72 4.30: 0.95 
Tyrosine 3.55: 2.01 5.64: 1.23 
Valine 10.79: 6.18 16.61: 5.25 
Phospho-

ethanolami11e 1.94:: 0.89 3.02:: 0.90 

1values expressed in um/100 ml. 
2sased on sampling from nine subjects. 
3 standard deviation. 

Beef 

6.47± 1.80 6.46± 1.06 
6.11± 2.13 5.74± 1.01 

29.80±14.29 31.37±14.02 
4.28± 1.20 4.63± 0.65 

12.07± 5.72 15.29::11.23 
9.77:: 3.59 10.71:: 2.25 
5.64:: 1.39 5.38:: 1.63 

22.54:: 5.92 22.08:: 6.25 
2.12: 0.59 1.98± 0.37 
4.47:: 1.22 4.86± 1.08 
9.02:13.09 4.39: 0.93 
5.05: 1.78 6.01: 1.31 

16.26:: 5.83 16.79:: 3.87 

2.37:: 1.95 2.62:: 0.47 

Cottonseed 
Flour 

8.35± 2.66 
5.74± 4.36 

29.53± 9.89 
3.79± 1.13 

13.50::10.62 
11.13± 2.55 
5.20:: 2.18 

16.50± 6.13 
2.14:: 0.71 
4.40:: 1.15 
4.48: 1.63 
5.46: 2.01 

16.60:: 8.40 

2.35:: 1.20 



N 
('V") 

Amino 
Acid 

Arginine 
Leucine 
Threonine 
Alanine 
Glutamine 

Initial 
(Mixed) 

8.86± 5.13 
5.98± 3.45 
7.32± 4.58 

26.44±16.87 
18.54±16.80 

TABLE VI-Continued 

Source of Dietary Protein 

Equilibrated Defatted Equilibration Cottonseed 
(~1i xed) Beef (Mixed) Flour 

12.38± 3.81 11.77± 3.46 11.87± 2.06 13.21± 5.28 
9.19± 2.24 8.91± 2.44 8.90± 1.47 8.56± 2.63 

10.59± 4.58 10.01± 2.91 11.47± 2.64 8.76± 3.81 
38.21±15.07 33.47±12.89 37.78±11.60 34.42±16.09 
53.84± 8.16 40.10± 7.83 51.91± 7.25 44.27± 8.04 



remainder of the study. Va 1 ues of these five ami no acids for the 

four dietary periods were not significantly different from each 

other. These findings differ from those of Sneed (39), who found 

that most initial concentrations of amino acids in the plasma of 

college-age women were higher than those found during an 

experimental period in which 17% of the kilocalories were derived 

from the protein source, cottonseed flour. The concentrations of 
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initial plasma free amino acids wi.thin the range previously 

established for elderly women included ornithine, glycine, lysine, 

and arginine. Taurine was found to be lower and phosphoethanolamine 

higher than values for elderly women reported by Bertolini {34). 

Effect of Protein Source on Plasma Ami no Acids 

Swenseid (25) found that in adult human subjects, levels of 

some amino acids c~anged with dietary intake, while others remained 

relatively constant. McCarver (38) found that essential amino acid 

patterns in the postprandial plasma of elderly subjects paralleled 

those found in the ·cot ton seed formu 1 a consumed. Sneed ( 39) found 

that fasting plasma amino acid concentrations of lysine reflected 

the dietary intakes from cottonseed flour more reliably than any 

other amino acid. 

I Study' Cha nges in lysine and threonine 
n the present 

paralleled each other (Figures 3 and 4). 
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Source Of Protein 

Figure 3. Effect of source of dietary protein on mean concentration 
of lysine in the plasma of elderly women. 
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Figure 4. Effect of source of dietary protein on mean concentration 
of threonine in the plasma of elderly women. 
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During the cottonseed flour diet the v~l , u ues were 

significantly lower (P 0.05) than during the other three dit>tttry 

periods, but not statistically different from the initiitl vclhw. 

Lysine and threonine have been identified as limiting amino acids in 

cottonseed flour (76, 77), and may have been a contributing Ltctor 

in the above observation. The low lysine plasma levels found in 

this investigation are contradictory to work by Young and co-\'mrkers 

(75) who found that despite a zero dietary intake of lysine for 

periods of seven to twelve days, plasma lysine remained const,snt. 

Although plasma lysine in this study was significantly lower durin9 

the cottonseed flour diet (16.50 um/dl), it was not abnonnally low 

when compared to 12.37 um/dl reported by Ackermann and Kheim (35) 

nor 17.7 um/dl reported by Galante and co-workers (33). The vitlue 

is low, however, in comparison to 20.60 um/dl reported by Ashby (49) 

fur college-age women consuming glandless cottonseed flour as 901 of 

~eir protein source. Although the absolute values were higher in 

Ashby•s study, the lowering effect of cottonseed diet study was the 

same. 

The average plasma value for threonine during the cottonseed 

flour dietary period (8. 76 um/dl) was much lower than those reported 

by Ackermann and Kheim (35) and McCarver (38), 14.55 um/dl and 12.90 

The lowerl·ng of plasma threonine values found 
um/dl, respectively. 

in the present investigation agrees with the findings of 



Swenseid (25). Swenseid found that when an amino acid diet is 

devoid of threonine, its plasma levels will decrease. 

Ornithine was significantly higher (P 0.05) during thl' 
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cottonseed flour diet as compared to the equ 1·1 1·brat ·0 · d · 1 n 1111xe protelft 

and the defatted beef diets. This finding indicates an effect on 

the urea metabolic pathway. 

Plasma Amino Acid Groupings and Ratios 

Plasma an1ino acids were empirically grouped according to 

structure and function (Tables VII -XII) to determine if there 

might have been effects on transport, utilization, or some other 

metabolic function(s) not obvious when considering individual amino 

acids. There is competitive inhibition of intestinal absorption 

between amino acids, and common transport mechanisms between groups 

of amino acids for tubular reabsorption in the kidney. These could 

affect plasma amino acid levels if dietary intake of these 

individual amino acids is disproportionate. 

The grouping of the plasma amino acids revealed a similar 

pattern to that of the individual amino acids. The values for the 

defatted beef dietat~ period tended to be the highest; the two 

equilibration (mixed) values, which were very similar, had 

intermediate values; and cottonseed flour had the lowest values. 

The exception to this was the urea cycle intermediates grouping in 

which the values were higher on the average for the cottonseed flour 

dietary period. It is interesting to note that arginine, the 
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Grouping of 
Amino Acids 

Arginine 

Ornithine 

Citrulline 

TABLE VII 

INFLUENCE OF SOURCE OF DIETARY PROTEIN ON FASTING 
PLASMA UREA CYCLE INTERMEDIATES 

(um/dl) 

Dietary Source of Protein 

Initial Equilibration Defatted Equilibration 
( ~1i xed) (Mixed) Beef (Mixed) 

8.86± 5.131 12.38± 3.81 11.77± 3.46 11.87± 2.06 

7.32± 8.56 6.84= 1.66 6.47± 1.80 6.46:: 1.06 

2.29± 1.34 4.75:!: 1.35 4.47= 1.22 4.86:: 1.08 

1standard deviation. 

Cottonseed 
Flour 

13.21± 5.28 

8.35± 2.66 

4.40± 1.15 
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Grouping of 
Amino Acids 

Isoleucine 

Leucine 

Valine 

TABLE VIII 

INFLUENCE OF SOURCE OF DIETARY PROTEIN ON FASTING 
PLASMA BRANCHED-CHAIN AMINO ACIDS 

(um/dl) 

Dietary Source of Protein 

Initial Equilibration Defatted Equilibration 
(Mixed) (Mixed) Beef (Mixed) 

2.89± 1.721 4.30:: 0.95 9.02::13.09 4.39± 0.93 

5.98± 3.45 9.19± 2.24 8.91± 2.44 8.90± 1.47 

10.79:: 6.18 16.61± 5.25 16.26:! 5.83 16.79± 3.87 

1standard deviation. 

Cottonseed 
Flour 

4.48± 1.63 

8.56± 2.63 

16.60± 8.40 
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Grouping of 
Amino Acids 

Tyrosine 

Phenylalanine 

TABLE IX 

INFLUENCE OF SOURCE OF DIETARY PROTEIN ON FASTING 
PLASMA AROMATIC AMINO ACIDS 

(um/dl) 

Dietary Source of Protein 

Initial Equilibration Defatted Equilibration 
(Mixed) (t~i xed) Beef (Mixed) 

3.55± 2.011 5.64± 1.23 5.05± 1.78 6.01± 1.31 

2.82± 1.61 4.49= 0.65 4.28= 1.20 4.63± 0.65 

1standard deviation. 

Cottonseed 
Flour 

5.46± 2.01 

3.79± 1.13 
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Grouping of 
Amino Acids 

Lysine 

Histidine 

Arginine 

TABLE X 

INFLUENCE OF SOURCE OF DIETARY PROTEIN ON FASTING 
PLASMA BASIC AMINO ACIDS 

(um/dl) 

Dietary Source of Protein 

Initial Equilibration Defatted Equilibration 
(Mixed) (Mixed) Beef (Mixed) 

15.65± 9.141 20.66± 8.15 22.54± 5.92 22.08:: 6.25 

4.36± 2.44 6.38± 1.24 6.11:! 2.13 5.74:! 1.01 

8.86:: 5.13 12.38:: 3.81 11.77:: 3.46 11.87:: 2.06 

1standard deviation. 

Cottonseed 
F1our 

16.50:! 6.13 

5.74:: 4.36 

13.21: 5.28 
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Grouping of 
Amino Acids 

Serine 

Threonine 

TABLE XI 

INFLUENCE OF SOURCE OF DIETARY PROTEIN ON FASTING 
PLASMA HYDROXYLATED AMINO ACIDS 

(um/dl) 

Dietary Source of Protein 

Initial Equilibration Defatted Equilibration 
(~ii xed) (Mixed) Beef (Mixed) 

8.30:: 5.22 1 10.77± 2.85 9.77:: 3.59 10.71± 2.25 

7.32:: 4.58 10.59: 4.58 10.01:: 2.91 11.47:: 2.64 

1standard deviation. 

Cottonseed 
Flour 

11.13± 2.55 

8.76:. 3.81 
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Grouping of 
Amino Acids 

Glycine 

Alanine 

Proline 

TABLE XII 

INFLUENCE OF SOURCE OF DIETARY PROTEIN ON FASTING 
PLASMA NEUTRAL AMINO ACIDS 

(um/dl) 

Dietary Source of Protein 

Initial Equilibration Defatted Equilibration 
(Mixed) (~1ixed) Beef (t'lixed) 

23.13::14.17 1 30.55:11.64 29.80:14.29 31.37::14.02 

26.44:16.87 38.21:15.C7 33.47:12.89 37.78:11.60 

16.99:15.71 19.60:12.32 12.07: 5.72 15.29:11.23 

1standard deviation. 

Cottonseed 
Flour 

29.53:: 9.89 

34.42:16.09 

13.50:10.62 
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i~ediate precursor of urea, and ornithine the product of urea 

furmation from arginine were both present in higher amounts during 

the cottonseed flour period; ornithine was significantly higher 

(P 0.05). While both the immediate precursor and product of urea 

formation increased, citrulline, which is formed directly from 

ornithine was lower. Arginine is present in cottonseed flour at 

twice the amount present in defatted beef. The cleaving of urea 

from arginine leaving ornithine is an irreversible reaction (50). 

This could have contributed to the significant build-up of ornithine 

in the plasma. Due to the fact that different amino acids were 

detectable and others missing from the urine, analysis of urine by 

grouping was not considered. 

Another method for studying p 1 asma ami no acids is the use of a 

nonessential (NE) to essential (E) amino acid ratio. The formula 

shown belm·1 has been utilized by Whitehead and Dean (41): 

NE:E = glycine+serineigluta~ine+tau~in~ 
isoleucine+1eucine+val1ne+rneth1on1ne 

Whitehead and Dean found that in chi 1 dren with kwashiorkor' this 

ratio was higher than in normal children. Sneed found that the 

ratio increased with decreasing protein intake when the protein was 

supplied by cottonseed flour. 
The results here revealed no 

1 NE:E ratio in the 
significant differences bet\'-leen the P asma 

experimental diets. The values for plasma ratios are given in 

Table XIII. 



1.0 
~ 

Amino 
Acid 

Glycine 
Serine 
Glutamine 
Taurine 
Isoleucine 
Leucine 
Valine 
~1eth ion i ne 

Ratio 

TABLE XIII 

INFLUENCE OF SOURCE OF DIETARY PROTEIN ON FASTI~G PLASMA 
NONESSENTIAL:ESSENTIAL AMINO ACID RATIOS 

(um/dl) 

Dietary Source of Protein 

Initial Equilibration Defatted Equilibration 
(Mixed) (Mixed) Beef (Mixed) 

23.13±14.172 30.55±11.64 29.80::14.29 31.37±14.02 
8.30± 5.22 10.77± 2.85 9.77± 3.59 10.71± 2.25 

18.54±16.80 53.84:! 8 .16 40.10:: 7 .83 51.91:: 7.25 
4.20:: 2.67 5.44:±: 1.37 5.64: 1.39 5.38: 1.63 
2.89± 1.72 4.30:: 0.95 9.02::13.09 4.39:: 0.93 
5.98± 3.45 9.19: 2.24 8.91: 2.44 8.90: 1.47 

10.79:: 6.18 16.61: 5.25 16.26: 5.83 16.79= 3.87 
1.37: 0.86 1.98: 0.49 2.12: 0.59 1.98: 0.37 

2.22: 1.27 3.05: 1.04 2.71: 0.77 2.8i: 0.61 

1Nonessential:Essential Amino Acid Ratio= 

2standard deviation. 

Cottonseed 
Flour 

29.53± 9.89 
11.13:!: 2.55 
44.27:: 8.04 

5.20: 2.18 
4.48: 1.63 
8.56: 2.63 

16.60: 8.40 
2.14: 0.71 

2. 91 ·. 0. 20 
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Free Ami no Acids in Urine 

Mean excretory values for the 13 free am1·no acids found in the 

urine are presented in Table XIV. Of the 13 amino acids, four 

showed significant differences between the dietary periods. 

Taurine, methionine, cystathionine, and 3-methylhistidine were 

excreted in significantly greater amounts (Figures 5-8) during the 

defatted beef dietary period as compared to the other dietary period 

(P 0.05). Taurine and methionine were also found to be excreted in 

significantly lesser amounts (P 0.05) during the cottonseed flour 

dietary period as compared \'lith the others. These findings are 

similar to those of Ashby ( 49). Of the four ami no acids for which 

significant differences were found, taurine, cystathionine, and 

methionine are sulphur-containing compounds and share a common 

metabolic pathway (Figure 9). Urinary taurine can serve as a crude 

index of taurine status (77). Taurine plays an important role in 

regulating cholesterol metabolism via the glycine/taurine ratio in 

bile (77). 

Approximately a six-fold difference in urinary excretion of 

methionine occurred between the cot ton seed flour and defatted beef 

dietary periods. Table XV shows the three-fold difference in 

s However, the 
dietary methionine from the two protein source · 

plasma methionine and taurine levels remained virtually unchanged 

throughout the study. 
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Amino 
Acid 

Serine 
Taurine 
Phosphoethanolamine 
Phosphoserine 
Methionine 
Histidine 
Alanine 
Glycine 
3-Methylhistidine 
Cysteine 
Leucine 
Threonine 
Cystathionine 

TABLE XIV 

FREE AMINO ACIDS FOUND lN URINE 
OF ELDERLY SUBJECTS 

(um/24 hrs) 

Equilibration Defatted Equilibration 
(~lixed) Beef (t~i xed) 

56.31± 39.612 65.31± 57.283 77.36± 62.32 
304.96±195.91 601.51±265.00 365.09±218.65 
353.32±112.97 423.20±169.94 378.00±125.17 
35.36± 12.97 35.33~ 12.083 36.05± 9.97 
10.36± 4.84 30.67::: 12.99 11.28± 3.91 

134.92±106.92 147.71± 89.91 152.02± 58.73 
108.54::: 45.98 123.28::: 28.07 123.68~ 28.07 
833.44::498.61 735.8~:::427.413 654.63::449.23 
110.82:: 72.27 191.3c..:: 93.86 108.78:: 36.16 

51.95::: 16.15 66.60:: 20.29 63.50:: 1i .06 
14.05: 10.16 11.92::: 8.90 14.1A: 12.04 
15.42: 20.51 20.86: 23.103 23.63~ 25.66 
9.82: 6.24 15.03:: 4.07 10.16:: 5.98 

1values based on average 24 hour excretion from a 5-day pool. 

2standard deviation. 
3significantly higher than all other values {P .OS). 

Cottonseed 
Flour 

72.45± 60.18 
185.84~142.68 
351.64± 99.46 

39.16::: 9.51 
5.53::: 3.29 

181.98:: 70.27 
116.81:: 38.14 
712.62:.449.23 
87.61:: 21.03 
63.72~ 20.63 
13.60:: 8.61 
24.79: 21.43 
11.99: 5.30 
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Figure 5. Effect, of source of dietary protein on 24-hour urinary 
excretion of taurine in elderly women. 
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Figure 6. Effect of source of dietary protein on 24-hour urinary 
excretion of methionine in elderly women. 
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Figure 7 • Effect of source of dietary protein on 24-hour urinary 
excretion of cystathionine in elderly women. 
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METHIONE >PROTEINS 
J, 

S-ADENOSYL > POLYAMINES METHIONINE 

t 
S-ADENOSYL 

HOMOCY STEIN E 

~ 
HOMOCY STEIN E HOMOCYSTINE 

~ 
CYSTATHIONINE 

PROTEINS~ 1 H2S 

f CYSTEINE 

CYSTINE ~ 1 B-MERCAPTOPYRUVIC 
ACID 

CYSTEINESULFINIC > PYRUVATE 
ACID 

J 
HYPOTAURlNE > SULFINALDEHYDE 

~ 
TAURINE 

~ 
CHOLYLTAURINE 

Figure 9. Metabul ic path~1ay shared by methionine, cystathionine, 

and taurine (74). 
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Amino Acid 

Histidine 

Isoleucine 

Leucine 

Lysine 

t·1eth ion i ne 

Phenylalanine 

Threonine 

Valine 

TABLE XV 

COMPARISON OF THE PLASMA AND URINARY AMINO ACID VALUES 
RELATIVE TO DIETARY PROTEIN SOURCE 

Product Composition Mean Plasma 
Product (g/lOOg protein) (urn/ dl) 

Defatted Beef 3.11 6.11 
Cottonseed Flour 2.76 5.74 

Defatted Beef 4.71 9.02 
Cottonseed Flour 2.74 4.48 

Defatted Beef 7.96 8.91 
Cottonseed Flour 5.08 8.55 

Defatted Beef 8.38 22.661 

Cottonseed Flour 4.07 16.50 

Defatted Beef 6.23 2.12 
Cottonseed Flour 2.11 2.14 

Defatted Seef 4.12 4.28 
Cottonseed Flour 5.19 3.97 

Defatted Beef 4.78 10.01 1 

Cottonseed Flour 2.88 8. 76 

Defatted Beef 4.87 16.26 
Cottonseed Flour 4.21 16.60 

1 s;gn1f1cantly greater (P .OS) than cottonseed flour value. 

~iean Urinary 
(um/24 hrs.) 

149.71 
181.98 

N.A. 
N.A. 

11.92 
13.60 

N.A. 
~;.A. 

30.67 1 

5.54 

N.A. 
N. A. 

65.31 
72.45 

N.A. 
N.A. 
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Amino Acid 

Alanine 

Arginine 

Glycine 

Proline 

Serine 

Tyrosine 

Product 

Defatted Beef 
Cottonseed Flour 

Defatted Beef 
Cottonseed Flour 

Defatted Beef 
Cottonseed Flour 

Defatted Beef 
Cottonseed Ficur 

Defa~ted Beef 
Cottonseed Fleur 

Defatted Beef 
Cottonseed Flour 

TABLE XV-Continued 

Product Composition 
(g/lOOg protein) 

6.26 
6.40 

6.31 
11.42 

5.94 
5.90 

4.74 
3.83 

~ ac ...; . .., ., 

4.C2 

3.42 
2.68 

Mean Plasma Mean Urinary 
(um/dl) (um/24 hrs.) 

33.47 123.28 
34.42 116.81 

11.77 N.A. 
13.21 N.A. 

29.80 735.88 
29.53 712.62 

12.07 . ' ~ 
I\ • t• e 

13.50 ~\. ~. 

3.59 ,.. ... " i t:>.J • 
2.55 ., , ~ .. 

il.. .... :> 

5.05 :, • A. 
5.46 N. io.. 
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The excretion of 3-methylhistidine has been related to the 

nutritive qua lity of a dietary protein in rats {72). The better the 

p otein quality , as dete rmined by net protein quality, as determined 

by net protein utili za tion, the higher is the total urinary 

3- ethylh i stid ine excre tion. Marliss and co-workers {73) examined 

the eff cts of dieta ry 3-methylhistidine on its urinary excretion in 

huma s . The lowest values occurred without meat as a protein 

sourc , intermediate values occ urred with mixed proteins and higher 

valu s w r found with beef as the sole protein source. The same 

r sul s occurr d in the present investigation. It is impossible to 

asc r ain if th inc reased 3-methylhistidine excretion during the 

d att d b f dieta ry period was due to the higher protein quality 

r h pr s c o 3- methy lhi st idine in the beef muscle causing a 

quan i a iv incr ase in its excret ion. 

R Plasma and Urinary 
F 

Simple correlations were calculated using the means of the 

amino acids tha were meas ured in both plasma and urine and for both 

x erim ntal pe iods. Only one correlat ion was significant, and 

a ~as the n ga ive co rrel ation between plasma and urinary serine 

duri g defatt d bee f dietary period , (P 0.05). Six of the nine 

ami 
0 

acids w re found to hav e nega tive correlations during the 

d att d be f dietary pe riod, al tho ugh only serine was significant. 
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o sig ica nt co rre lations between plasma and urinary values were 

ou d du i g t he cot tonseed di etary period although seven of the 

nin 1 r pos i t ive . A compar i son of the plasma and urinary amino 

acid compositio with the dietary protein source can be seen in 

Ta: l X . 



CHAPTER V 

SUfvlMARY AND CONCLUSIONS 

The present investigation examined the effects of different 

dietary proteins on the fasting plasma and urinary free amino acids 

in elderly women. The dietary proteins consisted of a mixed 

protein, defatted bt~Pf, or glandless cottonseed flour. The diets 

were administered in il cr·ossover design as discussed in the text. 

Significant decreases (P 0.05) in fasting plasma lysine and 

threonine occurred \'lith the cottonseed flour diet as compared to the 

mixed protein or defatted beef. In studies by Elias and Bressani 

(76), the limitin9 ar11ino acids of deglanded cottonseed protein were 

found to be lysine, thn:onine, and methionine, in that order. 

Although the plasma lysine vws lov;er, the plasma values never fell 

below the normal ran9e repor~t.ed in the literature, indicating 

adequate plasma lysirie status of the subjects during the cottonseed 

protein dietary period. 

Thirteen of the initidl plasma amino acid values were lower 

than those in the literc1ture for elderly women. 
Ten of these were 

. vc:.lues for the remainder of the study. 
Slgnificant ly lower thcHI the [) 

V 1 
. 1 . remained lower than 

a ues for va 1 i m_., threon 1 ne, d nd cue, ne 
The finding that 

literature value::. throuqhout the investigation. 

th . . f lllOcJt plasma acids were lower than 
e Hll t i a 1 con c t n t r a t i on o 

57 
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nonnal, and that these amino acids increased upon initiation of the 

study, indicates that the subJ·ects' prev 1·ous protein intake was well 

below the 0.8 g per kilogram provided during the study. The 

increase in plasma amino acids that occurred during the cottonseed 

protein dietary period, provides evidence that the cottonseed 

protein improved amino acid status over the subject's status prior 

to the study. 

The urea cycle intermediate grouping of plasma amino acids 

revealed an increase in drginine and ornithine during the cottonseed 

flour dietary period. Ornithine was significantly higher (P 0.05). 

For future study, quanti tat ion of blood urea nitrogen might provide 

a more complete picture of what is occurring in the urea cycle. The 

nonessentiol to essential amino acid ratios were not significantly 

different between dietary periods. This index has been used 

previously as an indicator of inadequate protein intake (39, 41), 

thus suggesting that protein intake was adequate in this 

investigation during the cottonseed protein dietary period. 

Although the plasma levels of methionine remained virtually 

the same throughout the study, uri nary excretion of methionine and 

its metabo 1 ites, cys ta th ion i ne, and taurine were significantly 

higher during the defatted beef dietary period. 

d · the urinary excretion of 
Significant differences were faun 1n 

h
. . and 3-methylhistidine between 

taurine, methionine, cystat 10n1ne, 

dietary periods. 
. . d cystathionine are 

Taurine, rneth1on1nc, an 
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sulphur-containing compounds. The greater dietary methionine in 

the defatted beef, providing more precursor for cystathionine and 

taurine, as well as methionine excretion could explain the greater 

urinary excretion of the sulphur-containing compounds. 

Taurine excretion was greatest during the defatted beef 

dietary period, intcnnediate during the mixed protein and lowest 

during the cottonseed protein dietary period. Taurine, as a amino 

compound is poorly reabsorbed by the kidney and readily excreted. 

Muscle is the largest reservoir of taurine, whereas it is 

essentially absent in plants. One explanation for the higher 

urinary taurine during the defatted beef dietary period and the 

lower excretion during the cot ton seed protein is the presence of 

taurine in the beef and the absence of it in the cottonseed. 

Histidine is methylated in peptide linkage within muscle 

protein, and is quantitatively excreted when the protein is 

catabolized (73}. Omstedt and co-workers (72) demonstrated that a 

relationship exists bet\·1een the nutritive quality of a diet~ry 

protein and the urinat~y excrP.tion of 3-methylhistidine in the rat. 

Harliss (73) has added that if 3-methylhistidine is ingested with 

mu 1 ld b
n. n .. xpected, ,·t would be quantitatively 

sc e protein, as \•IOU t: L 

ld be a direct reflection of 
excreted. Thus, urinary excretion cou 

t 'tive quality of the 
dietary inta~e of the compound rather than nu rl 

. t increase in urinary 
protein. In this investigation, a signiflcan 

d during the defatted beef 
excretion of 3-rnethylhistidine occurre 
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dietary period. Excretion was intermediate w1·th · d · m1xe prote1n, and 

lowest with glandless cottonseed flour For f t h . u ure researc 

analysis of the defatted beef for 3-methylhistidine and taurine, and 

analysis of the cottonseed flour for taurine would provide easier 

interpretation of a cause and effect relationship between the 

dietary protein and the urinary amino acid excretion. 

Urinary leucine and alanine have been shown to decrease during 

protein deprivation (44). No such alteration was observed in this 

study, again indicating that protein was adequate during the 

cottonseed protein dietary period. 

In conclusion, this investigation into the comparative effects 

of beef, cottonseed, and mixed protein diets on the amino acid 

status of healthy, elderly women found cottonseed protein to be 

comparable to that of defatted beef and mixed protein. Lysine and 

threonine, as limiting amino acids in cottonseed, were lower in the 

plasma during that dietary period. However, plasma lysine levels 

never fell below the normal range even though cottonseed provided 

90~ of the protein in the diet. Plasma threonine as well as valine 

and leucine remained below literature values throughout the 

investigation. 

Based on this investigation, if cottonseed protein were one of 

several protein sources, rather than as 90% of protein, minimal 

changes in plasma threonine and lysine would be anticipated. 
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APPENDIX A 

FOUR-DAY CYCLE MENU 

EQUILIBRATION DIET 

Day Breakfast Lunch Supper 

Scrambled, Egg Baked Flounder Chicken Salad 
Orange Juice Mashed Potato Tomato 
Toast Carrots/Margarine Lettuce/Apple 
Margarine/Jelly Lettuce Salad Sugar Wafers 

French Dressing Milk 

I I Grapefruit Rump Roast Fruit Medley 
Sections Mashed Potatoes Cottage Cheese 

Scrambled Egg Beets/Ma rga ri ne Slice Am. Cheese 
Toast Lettuce Salad Crackers 
Margarine/Jelly Thousand Island Sugar Wafers 
Mi 1 k Dressing 

Sherbet 

I I I Orange Juice Chicken Breast Tuna Noodle 
Raisin Bran Rice/Margarine Casserole 
Milk Green Beans Re 1 ish Plate 

Toast Apple Ice Cream 
Margarine/Jelly 

IV Grapefruit Ham Grilled Cheese 

Section Baked Potato Sandwich 

Cornflakes" Broccoli Vegetable Beef 

Milk ~ Margarine Soup 

Toast Canned Pears Carrot and Celery 

Margarine/Jelly 
Sticks 

Sugar Wafers 
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APPENDIX B 

FIVE-DAY CYCLE MENU 

EXPERIMENTAL DIET 

Day Breakfast Lunch Supper 

Apple Crisp Brown Ground Chili 
Tagliatelle Rigatini/Margarine 
Carrots/ Cole Slaw 

Margarine Low PRO Gelatin 
Apple 

II Kugal Chow Nein Tomato Sauce 
Ri ce/Ma rga ri ne Spaghetti/ 
Canned Pineapple Margarine 
Low PRO Gelatin Lettuce 

Italian Dressing 

I I I Apple Crisp Sweet 'N Sour Gumbo 
Rice Margarine Rigatini/Margarine 
Carrots Canned Pears 
Canned Peaches 

IV Kugal Soup Zucchini Skillet 
Green Beans Dish 
Margarine Carrots/Margarine 
Baked Apple Canned Pears 

v Hot Spiced Fruit Cabbage Apple Goulash 
Skillet Lettuce 

Noodles/ Ita 1 ian Dressing 
Margarine Canned Pears 

Canned Peaches 
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