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CHAPTER I 

INTRODUCTION 

As the population of the world increases, the adequacy 

of the supply of the protein decreases. It is estimated 

that more than fifty percent of the population of the world 

is undernourished and some twenty-five percent of the peopl e 

in the developing countries are severely malnourished (1,2). 

Since the cost of producing and purchasing animal protein 

are expensive, it is unlikely that such protein can be used 

as a means of correcting protein deficiency. Furthermore 

protein deficiency in both quality and quantity most often 

occurs in the developing countries where cereal grains are 

the major source of proteins (3,4). Glandless cottonseed 

flour has been recognized as being able to contribute 

significantly to our diet, because of its relatively high 

protein content (approximately sixty percent), and its 

availability (5-8). The composition and nutritional quality 

of cottonseed meals vary with the species of cotton, the 

time of harvest, and the industrial process by which oil is 

extracted from the seed (9). One of the disadvantages of 

using cottonseed as a protein source is its gossypol 

content, a substance which is harmful to monogastric animals 
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(10,11). The method of high temperature processing of 

cottonseed reduces the toxic effects of gossypol but reduces 

the nutritional quality of the protein by making lysine 

unavailable (11). Deglanded cottonseed achieved by the 

method of Liquid Cyclone Process (LCP) and glandless 

cottonseed achieved by breeding technique are the two newly 

developed cottonseed va rieties which contain a reduced 

amount of gossypol (12). 

Texas Woman's University has been playing an important 

role in determining and improving the nutritional quality of 

cottonseed protein. The results of these studies are well 

summarized in a professional paper by Bhanot (13). The 

nutritional quality of cottonseed protein determined by the 

Protein Efficiency Ratio (PER) test ranged from 1. 2 to 2. 2 

in comparison to 2.5 for casein (14-17). 

Amino acid composition, especially of essential amino 

acids in proper ratio, is an important factor in determining 

the nutritive value of protein foodstuffs (18-20). 

Cottonseed protein has been shown to be deficient in lysine, 

methionine, and possibly isoleucine and threonine (6,14). 

Among these limiting amino acids, lysine is recognized to be 

the first limiting amino acid (5-6,9,12,14,17). The 

deficiencies of amino acids in the protein may be corrected 

by amino acid fortification, protein supplementation, or 
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protein complementa tion (21,22). 

Very few studies have been reported on the amino acid 

fortification of cottonseed protein. Yoo (14) recently 

found that the PER value of defatted glandless cottonseed 

flour was not significatly improved when lysine, methionine 

and /o r isoleucine were added. A low plasma threonine level 

was also found in the rats fed defatted cottonseed flour. 

These findings suggested that lysine and threonine might be 

equally limiting in cottonseed protein. In an earlier study 

by Howe (17), lysine and threonine were suggested to be 

equally limiting 1n cottonseed protein. 

The purpose of this study was to further investigate 

the possibility of improving the quality of cottonseed 

protein by fortifying defatted cottonseed flour with lysine 

and t hr eon ine. 

study were: 

The specific objectives of this proposed 

l. To determine the amount of lysine and threonine in 

defatted glandless cottonseed flour (CSF) and casein (C). 

2. To fortify defatted glandless CSF with lysine 

and/or threonine, so that both C and CSF contained the same 

amount of lysine and/or threonine per 16 grams of nitrogen. 

3. To test the quality of lysine and/or threonine 

fortified CSF by protein efficiency ratio test. 

4. To determine the levels of fasting plasma amino 
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acids, particularly threonine, in rats fed CSF or C diet. 



CHAPTER II 

REVIEW OF LITERATURE 

Cottonseed flour has not yet been widely incorporated 

into the diet of the people in malnourished sections of the 

world even though glandless cottonseed has been demonstrated 

to be suitable for human consumption (3). Clinical studies 

by Graham et al. (23) showed that cottonseed flour used as 

sole source of dietary protein did not have any deleterious 

effect on the growth of convalescent malnourished children. 

These investigators also demonstrated that at adequate 

levels of protein intake, properly processed cottonseed 

flours could be served as the main or sole source of dietary 

protein for rapidly growing infants and children. Alford et 

al. (24) showed that cottonseed protein from Liquid Cyclone 

Process (LCP) was adequate to maintain nitrogen equilibrium 

in young college women when thirteen percent of the total 

caloric intake was contributed by the protein. In this 

study, it was also found that LCP cottonseed protein 

appeared to have lower essential amino acid (EAA) to 

non-essential amino acid (NEAA) ratio than the reference 

protein (RI-5), and the diet containing LCP cottonseed 

protein as sole protein source contained lesser amounts of 

lysine, methionine, leucine, and valine than the diet 

5 



containing RI-5 as sole protein source. 

6 

Studies by Sneed e t 

al. (25) showed that fasting plasma threonine, proline, 

isoleucine, leucine, tyrosine, and lysine concentrations of 

college women whose diet contained cottonseed flour 

decreased significantly as the protein intake was decreased 

from 14.6 g to 6.3 g nitrogen per day. Sutton (26) found 

that fasting plasma lysine concentrations in college women 

increased as glandless cottonseed flour was supplemented 

with seventeen milligrams of Lys-HCl per gram of protein. 

Protein deficiency in the developing countries is 

largely due to quality rather than quantity of the dietary 

protein (3,19). Several investigators suggested that the 

protein nutritive value of cereals might be improved by 

addition of small quantities of the limiting amino acid 

(3-5,17,19). Results of animal and human studies on amino 

acid fortification have been extensively reviewed by Jensen 

(27, 28) and Hegsted (29). 

The protein in the glandless cottonseed flour has been 

suggested to be deficient in lysine, methionine (30), and 

possibly threonine (6). As occurs in most of t he vegetable 

proteins, the first limiting amino acid in cottonseed 

protein is 1 ys in e ( 5, 6, 9, 12, 14, 17) • Reb e r e t a 1 • ( 1 5 ) 

demonstrated that the addition of 0.4 percent L-lysine to 

roast e d whole kernel cottonseed would improve its protein 



efficiency ratio (PER) to that of the cooked cottonseed 

kernel. 

In addition to the content of amino acids, the quality 

of cottonseed protein can also be affected by its gossypol 

content or by the heat treatment pr oces s (10,11). Both 

factors can decrease the availability of lysine in the 

cottonseed protein. 

Recent study by Yoo (14) showed that the quality of 

cottonseed protein was not significantly improved when it 

was fortified with lysine either to the same level of total 

lysine (0.5 percent L-Lys-HCl) or to the same level of 

available lysine (Q. 55 percent L-Lys-HCl) in casein. 

Analysis of amino acid contents of raw defatted glandless 

cottonseed showed lysine, methionine, and isoleucine to be 

the three most limiting amino acids (14). Neither the 

7 

fortification of Q.5 percent L-Lys-HCl, 0.13 percent 

L-methionine nor the fortification of 0.5 percent L-Lys-HCl, 

J.l3 percent L-methionine and 0.2 percent L-isoleucine did 

significantly increase the PER or the biological value (BV) 

of the defatted glandless cottonseed protein. 

In a study by Grau (31), lysine and methionine were 

shown to be the first and second limiting amino acids for 

growing chicks fed 20 percent cottonseed meal. Howe et al. 

(17) subsequently demonstrated that fortification of 0.1 
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percent L-Lys-HCl and 0.2 percent DL-threonine to cottonseed 

protein produced the best supplementary effect using PER 

test and suggested that lysine and threonine might be 

equally limiting in cottonseed protein for growing rats. 

Fisher (32) also suggested that no single amino acid (one of 

which should be threonine) was first-limiting in cottonseed 

protein for growing chicks. It was possible that more than 

one amino acid might be first limiting in cottonseed 

protein. 

Plasma amino acid levels are affected by the various 

dietary, physiological, and pathological factors (33). 

Plasma amino acid concentrations are influenced by the 

balance between the influx of amino acids into the blood 

from digested food protein and the breakdown of tissue 

protein, and the efflux of amino acids from the blood to the 

tissues for protein synthesis (34). Therefore, amino acids 

in the plasma reflect a portion of the metabolic pool of 

free amino acids in the body (35). In 1959, Longenecker and 

Hause (36) used the fasting plasma amino acid pattern as a 

r e f e rence in the evaluation of the quality of dietary 

protein. Swendseid and Kopple (37) suggested that the 

plasma amino acid pool might be a sensitive indicator of 

d e pletion and repletion condition since it reflected rapid 

flux of extravascular and intracellular pools. Graham et 
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al. (38) demonstrated that the fasting plasma amino acid 

levels co uld serve as a good indicator for protein status of 

an indi v idual and for identification of a first limiting 

amino acid in dietary protein after prolonged consumption. 

It was found in the study by Yoo (14) that fasting plasma 

threonine concentration of rats fed defatted glandless 

co t to nse ed flour for 28 days was significantly l ower than 

those fed casein diet even though the cottonseed flour was 

fortified with lysine, methionine and/o r isoleucine. 

In animal and human studies, it was found that plasma 

threonine declined markedly whereas plasma phenylalanine and 

lysine remained relatively constant when the study subjects 

were fed a diet lacking both phenylalanine and lysine (37). 

Free threonine value in the plasma of rats fed diets 

containing excessive amounts of lysine and threonine was 

elevated markedly, whereas the content of lysine in the 

plasma remained constant (42). These results ind ic ated that 

threonine might be a sensitive amino acid and its level in 

the plasma of test subject would increase or decrease 

markedly according to the amount of such amino acid in the 

di e t. 



CHAPTER III 

METHODS AND PROCEDURE 

This proposed study includes: 1) the determination of 

lysine and threonine contents of test proteins (casein and 

d efatted glandless cottonseed flour); 2) the application of 

protein efficiency ratio test to test the protein quality of 

lysine and / or threonine fortified cottonseed flour; and 3) 

the quantitative determination of amino acids, particularly 

lysine and threonine in the plasma of rats fed the test 

diets. 

Determination of lysine and threonine concentration in 
the test proteins (casein and cottonseed flour) 

Amino acid compositions of acid hydrolyzed ANRC (Animal 

Nutrition Research Council) casein and defatted glandless 

cottonseed flour (CSF) were determined on a Beckman 121M 

Microcolumn Amino Acid Analyzer according to the procedure 

provided by Beckman Instruments, Inc. (43). The detailed 

procedure is presented in Appendix A. The amounts of lysine 

and threonine in both ANRC casein and CSF were identified. 

10 



Fortification of lysine and threonine to defatted 
glandless cottonseed fl o ur 

11 

The contents of lysine and thr e onine in ANRC c a s e in and 

CSF were calculated from the results obtained from the 

prev ious section. L-Lysine-HCl and L-threonine were added 

to the CSF so that the contents of the total lysine and 

total threonine in CSF and ANRC casein (per 16 grams of 

nitrogen) were equal. 

Di e t 

Five diets were prepared according to the formula 

prescribed by the Association of Official Analytical 

Chemists (AOAC) for Protein Efficiency Ratio (PER) Test 

( 4 4) • All diets contained protein, 10 %; oil, 8%; mineral, 

5 %; vitamin, 1 %; fiber, 1%; water, 5%; and sucrose, to make 

10 0%. The dietary composition of the test diets is shown in 

Table 1. Diet 1 contained ANRC casein as protein source and 

was the control diet. Diet 2 contained CSF as protein 

source. Diet 3 contained CSF fortified with 0·. 484% 

L-lysine-HCl. Diet 4 contained CSF fortified with 0.08 % 

L-threonine. Diet 5 contained CSF fortified with 0.484 % 



L-lysine-HCl and 0.08% L-threo nine. A summar y of the 

dietary g roups is pr esented in Table 2. 

Animal 

Twenty-two day old male Holtzm a n rats were pur chased 

from Holtzman Co. in Madison, Wisconsin. Upon a r r iva l , 

a nimals were individually housed in suspended wire mesh 

cages in a temperature (20-23°C) and light (12 hr/12 hrs-

12 

light / dark) controlled anim a l room. All animals wer e fed a 

d i e t containing 20% protein from casein and water ad libitum 

for three days. 

Protein e ffici e ncy ratio test 

After the 3-day acclimation period, sixty-six male rats 

within a body weight range of fifteen grams were randomly 

divided into six groups. The first group of sixteen rats 

wer e sacrificed for determinatin of fasting plasma amino 

ac id concentrations before PER Test was initiated. The 

r emai ning fi v e groups of ten rats each were used for PER 

Tes t according to the method of AOAC (44). Each g r o up o f 

rats was fed one o f the fi ve test diets listed in Table 1. 

Food consumption and body weight of the rats were measur ed 
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week ly. At the end o f four weeks, the protein efficiency 

ra tio was calcul a ted according to the following formulae 

(44,45): 

PER = Weight gain (gm) 
Protein consumed (gm) 

Adjusted PER = Mean PER o f ----~2~·~5~------
test protein X Mean PER of 

reference ANRC 
protein 

Plasma amino acid concentration 

Plasma amino acid c oncentrations of the rats we re 

de t e rm i n ed f r om over n i g h t fa s t i n g ( 1 5 h r s ) b l o od sam p 1 e s 

obtained from the inferior vena cava. Bl ood samples were 

centrifuged at 4,000 rpm for 30 minutes (Clini-cool, 

15 

Damo n/ IEC Division, Need ha m heig hts, MA.) for s eparation of 

the plasma from the red blood cells. Plasma samples were 

centrifug ed at 10,000 rpm for 15 minutes (Sorvall RC-5B 

Refrigerated Superspread Centrifuge, Du Pont Instruments, 

Ne wton, Conn.) after the addition of sulfosalicylic acid (45 

mg/ml plasma) • The deproteinized plasma samples were 

dilute d a t 1:1 with 1 % lithium c itrate (pH 2.2) and filte r ed 

with a 0.45 urn pore size f ilter. Twe nty ul of the filtrat e 
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filtrate was applied to the Beckman 121 M microcolumn amino 

acid analyzer for amino acid analysis. 

Statistical analysis 

One-way analysis of variance and Newman-Keuls multiple 

range test were applied to test for the statistical 

differences in overall and between groups analyses. A 

probability of p < 0.05 was considered as significant. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Lysine and threonine concentrations of casein and 
de fatted glandless cottonseed flour 

The amino acid composition of raw defatted glandless 

cottonseed flour (CSF) and ANRC (Animal Nutrition Research 

Council) casein are shown in Table 3. The results indicate 

lys ine, methionine, and isoleucine as the first, second and 

third limiting amino acids, respectively in the CSF, in 

reference to ANRC casein. Threonine in CSF was deficient to 

a lesser degree and was about 80 percent of that of the 

casein. These results were in agreement with the findings 

of Yoo (14) and other published reports (46, 47). Yoo (14) 

found that (a) fortifying CSF with 0.50 percent or 0.55 

percent L-lysine-HCl had similar effect on the PER results, 

(b) the fortification of lysine, methionine and isoleucine 

to CSF did not significantly improve the PER of CSF, and (c) 

the plasma threonine concentrations of rats fed CSF diet was 

significantly lower than that of the rats fed ANRC casein. 

Howe et al. (17) showed that the most complementary effect 

of fortifying degossypolized CSF could be achieved at the 

levels of 0.1 percent L-lysine-HCl and 0.2 percent 

17 



TABLE 3 

ESSENTIAL AMINO ACID (g/16g N) COMPOSITIONS OF DEFATTED 
GLANDLESS COTTONSEED FLOUR (CSF) AND ANRC CASEIN 

Amino acid ANRC CSF CSF X 100 
Casein Casein 

Lys 7.98 4.11 51.50 

His 2.81 2.48 88.26 

Arg 4.06 11.81 290.89 

Thr 4.07 3.27 80. 34 

Val 6.04 3.56 58.94 

Met 2.91 1.53 52.58 
(+Cys) (4.15) (3.05) (73.49) 

1le 4.14 2.21 53.38 

Leu 9.23 5. 35 57.96 

Phe 5.39 5.09 94.43 

Total 39.76 25.12 

18 
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DL-threonine. 

This investigator elected to fortify defatted glandles s 

CSF with lysine and/or threonine and tested the PER of the 

lysine and / or threonine fortified CSF. In addition, the 

plasma amino acid concentrations, especially threonine, of 

rats fed CSF diet with or without fortification were 

de termined. To equalize the content of lysine and threonine 

(per 16 grams of nitrogen) in CSF and ANRC casein, 0.484 

g r ams of L-lysine-HCl and 0.08 grams of L-threonine were 

added to each 100 grams of CSF protein. The diets listed in 

Table 1 were accordingly formulated. 

Protein Efficiency Ratio Test (PER Test) 

Table 4 presents the initial and final body weights of 

the rats fed ANRC casein or defatted glandless cottonseed 

flour (CSF) with or without lysine and/or threonine 

fortification. The initial body weights of the five groups 

of rats were similar. The mean final body weight of the 

rats consuming casein was significantly higher than those 

consuming CSF with or without lysine and/or threonine 

fortification. It was apparent that the body weight gain o f 

the casein group was significantly greater than the CSF 



groups (Table 5 ). Since the protein consumption (Table 5) 

was not different among the five groups o f rats, a 

significantly higher PER (Table 6) was found in the control 

protein (casein) than that of the test protein (CSF with or 

without fortification). 

Neither the body weight gain, nor the protein 

co n s umption was significantly different among the four test 

p r ote in groups (Groups 2,3,4 and 5). Cottonseed flour 

fortified with 0.484 percent L-Lys-HCl and 0.08 percent 

L-thr eo nine (Group 5) showed significantly higher PER than 

the CSF without any amino acid fortification (Group 2) or 

wit h fortification of threonine alone (Group 4). The PER of 

CSF fortified with lysine alone (Group 3) was very similar 

to that of CSF fortified with threonine alone (Group 4), but 

Group 3 was not statistically different from Group 5. The 

large value of standard deviation in Group 3 or dietary 

treatment may be responsible for these ins i gnificant 

findings. These data indicated that significant improvement 

in the PER of CSF was achieved when both lysine and 

threonine were fortified to CSF; however, such improvement 

was not sufficient to reach the adjusted PER value (2.5) of 

the ANRC c a s e in. Other investigators (14,17) had also 

reported that fortification of lysine or threonine alone did 

no t impr ove the quality of cottonseed protein. The results 
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of the present study and the reported findings of these 

i nvestigators on the fortification of lysine or threonine 

alone to cottonseed protein are in agreement. Furthermore, 

the a ddition of lysine at 0.484 percent and threonine at 

0 . 08 percent to CSF was not sufficient to improve the 

quality of CSF to the same degree as casein. 

Fasting plasma amino acid concentrations 

Fasting plasma amino acid conce ntrations of rats fe d 

ANRC casein or CSF with or without lysine and/or threonine 

f o rtification are shown in Tables 7 and 8. Group B 

r e pr e sents the fasting plasma amino acid composition of 

weanling rats fed a diet containing 20 % protein from casein 

f o r three days. The effect of fortification of dietary 

a mino acid on the levels of plasma free amino acids can be 

very complex. Under the present experimental condition, the 

d iscussion will be mostly limited to the concentrations of 

p lasma lysine, thretoine and arginine. 

Lysine concentration in the fasting plasma of rats fed 

CSF without fortification (Group 2) was not significantly 

l o wer tha n that of the casein group (Group 1), although the 

con ten t of lysine in CSF was approximat e ly 50 perce nt of 

tha t of the c a sei n. 
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When CSF was fortified with either lysine (Group 3) or 

threonine (Group 4) and was fed to the rats, the fasting 

plasma concentrations of lysine of these two groups were 

si g nificantly higher than those of the rats fed CSF without 

fortification (Group 2). When both lysine and threonine 

were added to CSF, no statistically significant difference 

was found between these two groups (Group 2 vs Group 5). 

These data indicated that the fortification of L-Lys-HCl or 

L-threonine alone to CSF at the level of Q.484 percent and 

0.08 percent, respectively had an influence on the fasting 

plasma lysine concentration. 

Said et al. (42) using synthetic amino acid mixture had 

demonstrated that plasma lysine concentration of rats 

inc reased with increased intake of lysine alone. When 

threonine intake was increased along with lysine intake, the 

increase in the plasma lysine concentration observed earlier 

was depressed. The present study shows similar results. 

In the amino acid imbalance studies by Ip and Harper 

(47), it was suggested that an amino acid imbalanced diet 

would stimulate prote in synthesis and increase the 

eff i c i e ncy of the utilization of the limiting amino ac id. A 

reduction of the limiting amino acid in the plasma of rats 

fed the amino acid imbalanced diet was observed. It is 

possible tha t whe n both threonine a nd lysine wer e fo rtifi e d 
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to CSF , a n imbalance in the amino acid c o nte nt of the CSF 

wa s prod uced which in turn accelerated t he uptake of lysine 

for protein synthesis. The increased utilization of lys in e 

contrib ut ed to the lower fasting plasma concentration of 

lys i ne . The reason for the hi g h lev e l of plasma lysine wi th 

threonine alo ne (Group 4) is unknown. 

Fasting plasma concentrations of threonine o f rats fed 

CSF with or without lysine and/or threonine fortific at ion 

(Groups 2 , 3 ,4 and 5) were significantly lower than those of 

the rats fed casein di e t (Group l). In a n earlier study by 

Yoo (14) , i t was al so found tha t the mean se rum thr eo nine 

concentr a tion of rats fed CSF with or without fortification 

of lysi ne, methionine and/ or isoleucine was si g ni f i cant l y 

l ower th a n tha t of the casein fed rats. Yoo sugg e sted tha t 

s er um free threonine level was possibly affected most 

sensitively when the diet was slightly deficient in 

thr eo nine ( 8 0 % of the casein). In the prese nt study 

alt hough the CSF diet was fortified with threonine (Groups 4 

and 5), the plasma threonin e concentrations of these rats 

were low. The r a ts f ed CSF diet fortified with thr eon ine 

alone (Group 4) had significantly increased level of p l asma 

threonine in comparison to the rats fed CSF diet without 

fort i ficatio n (Gr oup 2). The plasma thr eo nine of rat s fed 

10 % prote in f rom ANRC casein (Group l) was also 
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significantly higher than that of the rats fed a 20 % 

protein from the casein (Group B). The same result was 

observed by Yoo (14). One would expect that when almost 

twice as much of the protein was fed to the rats, the amount 

of each essential amino acid in the plasma of these rats 

would be either similar or higher than that of the rats fed 

lower amount of protein. This was true in the comparison of 

all the plasma essential amino acids except threonine 

between Group 8 and Group 1. This unexpected finding in 

plasma threonine is unexplanable. 

Amino acids are known to be conserved when the supply 

is low and to be oxidized rapidly when the supply exceeds 

the requirement (48). The body of an animal has the ability 

to conserve various essential amino acids in varying degrees 

by modifying the rates of catabolism when the diet is 

deficient in any of the essential amino acids (42). 

Yamashita et al. (41) have demonstrated that the catabolism 

of lysine was depressed in rats fed a lysine-free diet, 

whereas the catabolism of threonine was not significantly 

affected in rats fed a threonine-free diet. Harper and 

Kang-Lee (49) showed only when a mixture of amino acids was 

devoid of threonine, the NPU (Net Protein Utilization) 

became zero. Several investigators have found that there 

was minimal adaptation of threonine in rats when the supply 
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of this amino acid was either in excess or in depletion. 

The rate of catabolism or the ability of conservation of 

threonine were not modified (20,41,49-51). It was suggested 

that threonine might not be conserved as well as the other 

essential amino acids when the intake was low. 

Harper and Kang-Lee (49) also showed that plasma 

threonine would increase sharply only after the level of 

threonine in the diet exceeded 0.3 percent. This phenomenon 

was not observed in the present study. No consistent 

increase was found in plasma threonine concentration when 

the level of threonine in the CSF diet was increased to 

0.407 percent after fortification. 

In the paper by Yoo (14), it was found that the 

concentration of serum free arginine of rats fed CSF diet 

was significatly higher than that of the casein fed rats. 

Such difference in the plasma argininep concentration was 

not found in the present study between the rats consuming 

the CSF diet (Group 2) which contained approximately three 

times the amount of arginine as in casein and the rats 

consuming casein diet (Group 1). This result was 

unexpected. A significant increase in the plasma arginine 

was found in the rats fed CSF fortified with lysine. alone 

(Group 3). 

weanling rats that were fed a 20 % protein diet for 3 
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days (Group B) showed higher fasting plasma concentrations 

of all the essential amino acids, except histidine than 

those in Group 1. Rats in Group 1 were sacrificed after 

being fed the 10 % casein protein diet for 28 days. The 

difference in the plasma essential amino acid concentrations 

between Group B and Group 1 was probably due to the 

different level of protein in ·the two diets. 

The total essential amino acid (TEAA) in the plasma of 

rats fed CSF diet with or without lysine and/or threonine 

fortification (Groups 2,3,4 and 5) was significantly lower 

than that of the rats fed the casein diet (Group 1). Since 

almost all the individual essential amino acid content was 

less in the CSF than in the csein (Table 3), the low TEAA 

found in the plasma of rats after consuming CSF diet for 28 

days was reasonably expected. Histidine, threonine, 

methionine, leucine, and phenylalanine levels of fasting 

plasma of rats fed CSF diet (Group 2) were found to be 

significantly lower than those fed the casein diet (Group 

1). These amino acids were also shown to be in lower amount 

in CSF in comparison to ANRC casein (ranging from 53 % to 94 

%of the content of ANRC casein). The plasma threonine and 

phenylalanine concentrations of the rats fed CSF fortified 

with threonine and lysine remained significantly lower than 

those in Group 1. The fortification of threonine alone to 
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CSF diet had also increased the plasma amino acid 

concentrations of lysine arid arginine comparing to those of 

the rats fed 10% casein (Group 1). The addition of lysine 

and threonine (Group 5), only improved the plasma levels of 

histidine and leucine. 

Table 8 shows fasting plasma non-essential amino acid 

(NEAA) concentrations of rats fed defatted CSF with or 

without amino acid(s) fortification for 28 days. Since NEAA 

can be synthesized in the body, it wpuld not be meaningful 

to relate the plasma NEAA concentrations to the dietary NEAA 

concentrations. Group B, again was composed of rats fed 20 

% casein protein diet for three days and were sacrificed 

before PER experiment was initiated. Plasma glutamine, 

cystine, taurine, and citrulline concentrations were 

significantly higher in Group B rats than those of the rats 

in Groups 1 through 5 which were fed the 10 % protein diet. 

Plasma serine and plasma glycine were lower in Group B rats 

than those in groups 1-5. No significant differences were 

found in the concentrations of plasma aspartic acid, 

glycine,cystine and tyrosine among the groups of _rats fed 

CSF with or without lysine and/or threonine fortification 

(Groups 2,3 and 4) or between the CSF fed groups and the 

casein fed group (Group 1). When both lysine and threonine 

were added to the CSF d i e t, rats consuming such diet (Group 
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5) showed significantly higher content of plasma serine than 

those consuming CSF diet without any fortification (Group 

2). There was a gradual increase in the plasma serine 

concentration from Group 2 to Group 5. 

Plasma concentration of glutamine was lower in rats fed 

CSF (Group 2), CSF fortified with lysine (Group 3), or CSF 

fortified with threonine (Group 4) in comparison to that of 

the rats fed the casein diet (Group 1). Fortified CSF with 

both lysine and threonine (Group 5) increased plasma 

glutamine concentration significantly in comparison to CSF 

fortified with lysine or threonine alone (Group 3 or Group 

4). Fortified CSF with lysine alone (Group 3) showed a 

significant depression in plasma glutamine in comparison to 

CSF without any fortification (Group 2). 

Mean glutamic acid concentrations in the plasma of rats 

fed CSF (Group 2) or CSF fortified with lysine alone (Group 

3) was higher than that of rats fed 20 % casein protein diet 

(Group B). When CSF was fortified with threonine alone 

(Group 4), or lysine and threonine (Group 5), there was a 

significant decrease in the plasma concentration of glutamic 

acid (vs Group 3). Mean plasma alanine concentration of the 

rats fed CSF (Group 2), CSF with lysine (Group 3) or 

threonine (Group 4) was significantly lower than that of the 

rats fed casein (Group 1). When lysine and threonine were 
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both added to the CSF diet (Group 5), this difference 

disappeared (Group 5 vs Group 1). The concentration of 

plasma alanine in rats fed CSF (Group 2) or CSF with lysine 

(Group 3) was significantly lower than that of the rats in 

Group B. Plasma alanine concentration of the rats in Group 1 

was significant higher than that of the rats in Group 

B. Fernstrom and others (52) found that in human, plasma 

glycine and alanine (the smaller molecular weight neutral 

a mino acids) levels varied inversely with dietary protein 

content. In this study, it was also observed that the 

plasma glycine and alanine concentrations of rats fed 10 % 

casein protein diet were higher than those of the rats fed 

the 20% casein protein diet (Group l vs Group B). When the 

10 % casein protein was replaced by 10 % CSF protein (Groups 

2-5), this relationship was not found. The inverse 

relationship between plasma smaller molecular weight neutral 

amino acids and the quantity of dietary protein may only 

limit to comparison using the same type of dietary protein. 

Plasma cystine and taurine concentrations of rats in 

Group B were significantly higher than those in Groups l-5. 

Since cystine and taurine are synthesized from methionine, 

higher levels of plasma cystine and taurine may be expected 

in the group of rats fed a diet composed of higher level of 

c ase1n (Group B) which contained greater amount of 
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methionine than the groups of rats fed either lower level of 

casein (Group 1) or lower level of CSF (Groups 2-5). When 

dietary protein level was reduced to 10 %, rats consuming 

CSF diet (Groups 2-5) had similar or higher level of plasma 

taurine than those consuming diet (Group 1), especially when 

CSF was fortified with lysine alone (Group 3). 

No significant difference was found in the plasma 

concentration of citrulline between the rats fed the casein 

diet (Group 1) and the CSF diet without fortification (Group 

2). Adding lysine (Group 3) or threonine alone (Group 4) 

increased the level of plasma citrulline of the rats 

significantly in comparison to Group 1 or Group 2. But the 

addition of both lysine and threonine (Group 5) to CSF diet 

exhibited a suppressing effect on the plasma citrulline 

level of the rats. Citrulline concentration of plasma of 

rats fed 20 % casein diet (Group B) was significantly higher 

than those fed the 10 % protein diet whether its source was 

casein or CSF (Groups 1-5). 

Ornithine concentration in the plasma of rats fed CSF 

diet with or without fortification (Groups 2-5) was higher 

than that of the rats fed the 20 % casein protein diet 

(Group B). Rats fed the CSF diet fortified with lysine and 

threonine (Group 5) had the highest plasma ornithine level 

a mong the groups of rats fed the CSF diet and this level was 



significantly higher than that of the rats fed the 10 % 

casein protein diet (Group 1). No significant difference 

was found in the total NEAA concentrations among the six 

dietary groups. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

The present study was designed to follow up the 

previous study conducted by Yoo (14) on the possibility of 

improving the quality of cottonseed protein. Defatted 

glandless cottonseed flour (CSF) fortified with 0.484 % 

L-lysine-HCl and/or 0.08 % L-threonine was tested by protein 

efficiency ratio test (PER) for quality. The plasma amino 

acid patterns of rats tested by PER were determined before 

and after the PER test. The levels of lysine and threonine 

supplementation were determined to satisfy the criterion 

that both ANRC (Animal Nutrition Research Council) casein 

(as control), and CSF would contain the same amount of these 

two amino acids per 16 g of nitrogen after the fortification 

of CSF. 

Analysis of CSF showed that lysine was the 

first-limiting amino acid using ANRC casein as a reference 

protein. Threonine was not shown to be a major limiting 

amino acid in CSF and it was approximately eighty percent of 

tha t in the casein. Methionine, isoleucine in CSF were 

shown to be the second and third limiting amino acid, 

r e spe ctively. 

The PER value of CSF diet before fortification 
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was significantly lower than that of the casein. When CSF 

was individually fortified with 0.484 % L-Lys-HCl or 0.08 % 

L-threonine, there was no significant increase of the PER 

value. Addition of both lysine and threonine to CSF 

produced a significant increase of PER value in comparison 

to CSF without any amino acid fortification or with 

threonine fortification alone. This improvement was not 

sufficient to reach the PER value of the casein. 

Fasting plasma level of lysine of rats fed CSF 

fortified with lysine or threonine alone was significantly 

increased in comparison to those of the rats fed the CSF 

diet without fortification. Fortification of CSF with both 

lysine and threonine led to the disappearance of the 

significant increase in the plasma lysine seen in the 

individual fortification of lysine or threonine. 

Fortification of threonine alone to CSF brought a 

significant increase in the plasma threonine of rats in 

comparison to the rats fed CSF without any fortification. 

Rats consuming CSF diet with or without lysine and / or 

threonine fortification showed lower levels of plasma 

threonine than those fed the casein diet. 

Total essential amino acid (TEAA) concentration of the 

pla sma was significantly higher 1n rats fed 20 % casein 

prot e in diet than those fed the 10 % protein diet whether 
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the source of protein was casein or CSF. Rats consuming 10 

% CSF protein diet whether it was fortified or not showed 

significantly lower concentrations of TEAA than those 

consuming 10 % casein protein diet. Fortified CSF with 

lysine or threonine alone increased plasma TEAA in 

comparison to CSF without fortification. Fortified CSF with 

both lysine and threonine did not bring significant 1ncrease 

in the plasma TEAA concentration. No consistent increase or 

decrease in the concentration of plasma non-essential amino 

acid was found when CSF was fortified with lysine and / or 

threonine. The total non-essential amino acid 

concentrations in the rats fed 20 % casein protein diet, 10 

% casein protein diet and 10 % CSF protein diet with or 

without lysine and/or threonine fortification were similar. 

In conclusion, fortifying defatted cottonseed flour 

with 0.484 percent L-Lys-HCl and 0.08 percent L-threonine 

brought significant improvement of the protein quality of 

CSF tested by the PER assay. This improvement in the 

quality did not reach to the same level as that of the 

casein. Fortification of lysine or threonine alone to CSF 

brought significant increase in the fasting plasma lysine 

concentration. Fortification of threonine alone to CSF 

significantly increased the fasting plasma threonine 

concentration in comparison to that of rats fed CSF without 
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any fortification. The plasma concentration of threonine of 

rats fed CSF with threonine fortification remained 

significantly lower than that of the rats fed the casein 

diet. The fortification of lysine and / or threonine to CSF 

did not significantly improve the concentration of plasma 

threonine of rats fed the fortified diet. 



APPENDIX A 

PREPARATION OF HYDROLYSATE OF 
DIETARY PROTEIN 



1. Approximately 50 mg of the samples were placed in 
hydrolysate tubes. 

2. Add 2 rnl of 6 N HCl into the samples. 

3. Evacuate the samples for 4-5 hours under ice/ 
methanol. 

4. Hydrolyze the samples at 100 c for 24 hours. 

4-3 

5. Evaporate HCl in a vacuum desiccator with NaOH in it. 

6. Add 2 ml of lithiurn citrate buffer (pH 2.2) into the 
dried samples, and mix. 

7. Dilute the samples to have proper concentrations 
(about 1:50 dilution). 

8. Filter the diluted samples through 0.45 pm pore size 
filters. 

9. The filtered samples are ready to be run by the 
Beckman 121M Microcolumn Amino Acid Analyzer. 

10. Amount of lysine obtained by this procedure is the 
total lysine. 



APPENDIX B 

SHEFFIELD PRODUCTS 
CASEIN: A.N.R.C. REFERENCE PROTEIN 



DESCRIPTION 

T Y PICAL ANALYSIS 
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CASEIN: A.N.R.C. REFERENCE PROTEIN 

Casein has been approved by the Animal Nutrition Research 
Council (A.N .R.C.) as a reference protein for use in biological 
assays for determining the nutrit ive value of protein-contain
ing materials. This grade of casein is a consistent, high quality 
product designed for use in such assays. 

Moisture 
Ash (phosphorous fixed) 
Acidity (as lactic acid) 
Protein (N x 6.38) (dry basis) 
Ether extractables (Mojonnier) 
Carbohydrate (as lactose) 
Particle size 

7.0% 
2.05% 
0 .10% 
95.0% 
1.5% 
0.25% 
98°.·o through 30 mesh 

M INERAL CONTENT (Estimated) 

Magnes!um 
Manganese 

Iron 
Copper 
Zinc 
Mercury 
Sodium 
Potassium 
Cobalt 
Phosphorous 

Calcium 
Chloride 

VITAMIN CONTENT (Estimated) 

Biotin 
Folic acid 
Niacin 
Pantothenic acid 

Pyridoxine 
Riboflavin 

Thiamin 

0 .05% 
<0.2 ppm 

20 ppm 
7 ppm 
30 oom 

< 1.0 ppm 
<0.02% 
<0.02% 
< 0.1 ppm 

0.8% 
0.06% 
0.5% 

2 m )J g/g 
31 m lJg/g 

0.5 lJ9/9 
0.4 JJg/g 

0.4 JJ9/9 
75 JJg/g 

0.1 JJ9/9 

P. 0. Box 630, Norwich, New York 13815 

(607) 334-9951, TELEX 646056 



.L.k~ I f\'C A C i 0 CONT~ f\' T 
\Tyuiccl) 

?.lanin e 

A mmon i.: 
1-,rginine 

A spart ic zc ici 
Cystine 

Gly cine 

G lu tamic acid 
Histid ine 

Leucine 

Lysine 

tviethionine 

Phenylalanine 
Pro li ne 

Serine 

Tr yptoph an 

Threonine 

Tyrosine 
Valine· 

1.2% 

20.2 % 
2.5 % 

8.8% 

2.5°/o 
4.8% 

12.1% 
5.6% 
1.10:0 
3.9 % 
5.1% 
5.6% 

Data presented are typical . Slight variation may occur from lot to iot. 

CAS :503 
Revised October 1977 and September 1978 
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APPENDIX C 

PROXIMATE CO!·lPOSITION OF DEFATTED COTTONSEED 
FLOUR ANALYZED BY POPE TESTING LABORATORIES 



POPE TESTING LABORATORIES, INC. 
CONSULTING ANALYTICAL CHEMISTS 

AND TESTING ENGINEERS 
FOODS. FEEDS , DAIRY PROD. 

WATER . MISCL. ANALYSES 

COTTON S EED PRODUCTS 

PACKING HOUSE PROOUCTS 

SEED GERMINATION 
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Identification !\'larks Sample #1 

Hoisture ------------ 6.'7/o 

ProteL~ ------------- 55.63 

Fat ----------------- 2.62 

Fiber --------------- 3.8 

Ash ----------------- 6.37 

Carbohydrates ------- 25.08 

Free Gossypol ------- 0.02 

LAB NO. 30688 POPE TESTING LABOIUTORIES, INC. 
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Free Gossypol ------ 0.02 

Hcm!lrks 
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POPE TESTING LABORATORIES. INC. 
CONSULTING ANALYTICAL CHEMISTS 
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FOODS. FEEDS. DAIRY PROD. 
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COTTON SEED PRODUCTS 
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FERTILIZERS 
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75221 
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ldcntificution l\lat·ks S~'!lple #3 

Moisture 

Protein ------------- 55.50 

Fat ----------------- 2.70 

Fiber --------------- 4.1 

' Ash ----------------- 6. 72 

Carbohydrates ------- 24.38 

Free Gossypol ------- 0.02 

He marks 

LAB NO. POPE TESTING L\BORATORIES, INC. 
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AVERAGE PROXIMATE COHPOSITION OF DEFATTED GLANDLESS 
COTTONSEED FLOUR 

Ingredient Average of three samples (%) 

Moisture 6.50 

Protein 55.63 

Fat 2.62 

Fiber 4.00 

Ash 6.37 

Carbohydrate 24.62 

Free gossypol 0.02 
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APPENDIX C 

NON-ESSENTIAL AMINO ACID (g/16g N) COMPOSITION 
OF DEFATTED GLANDLESS COTTONSEED FLOUR (CSF) 
AND ANRC CASEIN 
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Amino acid ANRC CSF 
Casein 

Aspartic acid 7.19 8.59 

Serine 5.94 4.11 

Glutamic acid 21.81 17.67 

Proline 11.13 4.20 

Glycine 1. 62 3.89 

Alanine 3.45 4.08 

Cystine 1.24 1.52 

Tyrosine 5.74 2.77 
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