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CHAPTER I 

I NTRODUCTIOr 

During the past few years much attention has been 

give n to cottonseed flour as a new protein source to meet 

the needs of malnourished people. The advantag e of using 

cottonseed flour is that it i s one of the che a pes t and 

most available s ourc e s of concentrated protein (1,2) . 

The composit i on and nu trit i onal quali ty of cottonseed 

meals var y greatl y with the vari e ty of cotton, the time 

of harv est , and the industr ial processe s during which oil 

is extract e d (3) . Deg landed cott nseed by liquid cyclone 

p r ecess ( LCP) and gl andless cott onseed by p l ant breeding 

techni que a r e the two recent developmental achi eve me n ts 

which reduced the toxic co mponent , gossypol, in cottonseed 

( - 6 ) . Goss pol is phys iologi cally detr imental to mono ­

gastric animals (1 ,4 5) . 

Texas oman's Uni v ersity (TWU ) is one o f the insti­

rutes wh e r e re search on cottonseed f lour has been and is 

being c cnduc ed actively . Th ere h ave been a numb e r o f 

s tudi es in est igati n g p ctein v alue cf cottonse ed flo ur, 

us ing beth humans and animals as test s ubj e cts . Th e 

results ar e well s ummariz ed in a professional paper (7) . 

1 
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From thes e result s it is concluded that cot t onseed p r o tei n 

is acceptable and ha s a potentia l for human cons umpt i on. 

However, its nutritional quality is still lowe r tha n 

casein, that is, the protein efficiency ratio (PER) of 

cottonseed protein ranges from 1 .21 to 2.36 compared to 

2.50 of casein (7,8). The reason for the low protein 

efficienc y ratio seems t o be deficiencies of some essential 

amino acids in cott o nseed protein. Cottonseed protein is 

sho\vn to be low in lysine , methionine, and isoleucine in 

comparison to casei n (9,10) . The amino acid compositions 

o f gl andl es s cottonseed pr o tein and c as ein publ i s hed in 

the lit e rature are inc l uded in Appendix A. 

Amino a c id de fici enci e s in a protein can be 

corr e ct e d by three possible approaches (11 ,12): The first 

one is amino acid fortification--by adding synthetic amino 

acid(s) quanti tativel y to achieve the appropriate level; 

the second one is protein supplementation- - by adding smal l 

amo unt of protein which is rich in the defic i ent amino 

a cid(s ) of the deficient proteiu; and the third one is 

protein complementation-- by combining two protein sources 

which an mutua 1; balanc e e ch o ther's defic i ncie~ c r 

e xcesses . Defatted cot tonsee d flour is relatively h i gh in 

prc tein co tent (about 50- 60% ) (1 , 2,4,6,12) but deficient 

i n some amino acids . To correct amino acid deficien cies 
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in cottonseed flour, empha sis n e eds to be placed on qu a li ty 

ra t h e r than qu dnL i ty. The f irst apprc ch o £ forti f i aci on 

wo uld be a reasonable one in improving the qualit y cf 

cottonseed protein. 

Few studies a re available on amino ac i d f ort if ic a ­

tion of cottonseed protein. Braham e t al . (13 ) r e ported 

that adding lysine alone did not improve the quali ty of 

cottonseed meal. Howe e t a l. (8) suggeste d that lysine 

and threonine appeared to be equally l imiting in ccttcn­

seed meal . These t wo studies analyzed the results by only 

determin i ng protein efficiency ratio~ wh i ch mi ght result 

in somewhat insensitive conc lusions. It may t hus be 

advantag e ous to d e termine protein quality by usi ng a more 

accur ate me t hod suc h as the determination of biologi cal 

value (BV) . 

The purpose of this s tudy is to determine the mo st , 

e ffec t ive method of fortifying amino a c ids to raw defatt e d 

g landl e ss cottonseed pr o tein to improve its qua li ty by 

u s i ng pr otein ef f i c i e nc y ratio ( PER ) and biological value 

( BV) a s crit e ria . 



CHAPTER II 

REV I EW OF LI TERATURE 

Studies on amino acid fort i fication of cerea l s and 

le gumes wer e revi e wed in detai l by J ansen ( 14 , 15 ) . 

Results of clinical studi e s on amino acid ( s) f ortifica ti on 

cf cereals and l e g umes from vari ous countries were also 

pr ese nted by many inves ti g at o r s (1 6 ) . Thes e s tud ie s 

s howed t he possi bil it y of improving t h e nut r it ive qua lity 

of ce r eals and legumes by for t i fic a t ion of a mino ac i ds 

s uch as lysine , tr pt o p ' an, me t hionine , and possibly iso ­

leuc i ne and threonine . However, am i no a c id for t ifi c aticn 

seems t o be still an a r ea o f con t r ove r sy. Jansen and Howe 

( 17) a nd Howe et a l . ( 18) pointed out t hat pr o t e in s h ort­

age among t hose who live ma inly on cereal grains is 

primarily due to quality r ather than quant i ty . They 

s u ggested tha t t h e o bvious me ans of · mprov i ng protein 

quality cf such a g rc u p was by am i no acid fortificat · cn . 

He~s t ed ( 19 criti ~ zed ~ hat amine acid fer i fi c ati on 

mi g ht no t be e ffective in the pr a ctical point o f v i e w, 

since t h e cost \vou l d be to o hi g h tc the undernourished 

peo p le . J ansen ( 15) suggested in 1974 that t h e cos t for 

lys ine fcrtificaticn wa s inexpensive and the hig h cost fo r 

4 



tryptopha n and t h~ e onine fortifi cation would be lowe~ed 

greatly when the y became commercially ava i lab le . 

5 

The r e search on amino acid fortificatio. of cot ton­

seed protein is limited. Heywang and Bird (20) compared 

the hatchabil i ty of chickens fed 30 percent cottonseed 

(CS) meal, with or without the addition of DL- lysine or 

dried manure . They found that a diet of 30 per c ent CS 

meal fortified with 5 percent d ried man ure and 0 . 8 percent 

DL-l ysine showed the most improved hatchability in c ompar­

ison to the o t her di ets which were fortified with ei ther 

lys i ne or dried manure alene . Braham e t a l. (1 3 ) for ti­

fi ed both low and high qu a li ty cottonseed mea l s with 

L- lysine to achieve 0.6 perc ent of ava i lable lvsine and 

fed them to rats. Protein ef f eciency ratio o f fortified 

low quality cottonseed meal was still lower than that of 

f ortifi ed high quality cottonseed neal. Fortification of 

lysine alone .did ot affect the p r o t ein effi ciency ratio. 

Studies by Howe et al. (8) on the supp lementar y e f f ects on 

cottonseed meals with lysine, methionine or threonine 

alone , or in combinati on showed that fo rti fi cat ion of 0 . 1 

o r 0 . 2 pe rcent L- ly sine - Cl pl u s 0 . 2 pe rcent DL- threonine 

r es ult ed in the best s upplementary e ffect . These data 

s uggested that lysine and thre onine were equally deficient 

in ccttonse d me als. Elias and Bressani (21) obtained 
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highest protein e f fici e ncy ratio i n defatted c o ttonseed 

flo u r f orti fi e d witl 0.20 percent L-l y sine - H- 1 , 0.05 

percent DL-methionine, a nd 0. 10 per~ent DL-threonine . 

They concluded that lysi ne was the fir st limiting amino 

acid followe d by threonine and methionine. Reber et al. 

( 22 ) observed that protein efficiency ratio of roasted 

cottonseed protein was significantly lower than that of 

c o oked cottonseed protein. Howeve r, when roasted c o tton ­

seed prot e in was fortified with 0.4 pe rcent L-lysine, the 

protein efficiency ratio wa s comparable to that of the 

cooked one ( 23,24) . 

Plasma a mi n e aci d levels a re affe c ted by vari ous 

ie tary, physiological and pathological factors in both 

animals and humans (25,26). Pla sma amino acid concentr a ­

tions reflect the balance betwe e n the entry of amino acids 

into the blood from diges tion of food protein and from 

br eakdown of · tissue protein, and the exi t of a mi no acLds 

fro m the blood tc the tissues fo r protein synthes ~ s (27) . 

Plasma amino acid levels, therefo r e , represent a signi fi ­

cant por tion cf the metabolic peal cf free amino acids in 

the body ( 28) . This pool becomes low when ani mals a r e 

depleted (28) . Swendseid and Kopple (29) s ugges t ed that 

the plasma amino acid concentration during pos t absorp t ion 

was fairly constant in no rma l s ubj ects ingesting ade qua te 
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pr ote i n diets, but altered in s ubject s receiving 

protein- d e f icient diets. Thus the ·evel o f fa scing p ' a sma 

amino acid could be a sen s i t i, ?e indicator to t h e protein 

nutri ti onal stat~ s of a subject ( 2 9) . 

Kim ( 30 ) determined fasting plasma amino a cid 

concentration of 12 col lege women fed a die t c ontaining 

de f atted l iquid cyclone p r ocess (LCP) c ottonseed protein 

as protein source ranging from zero to 100 per cent for 35 

d a ys . RI - 5 ( a reference protein) was u sed as a substit u te 

to maintain the s am e prot e in content in the diet as the 

level of LCP cottonseed prote in decreased. Th e res lts 

shewed that a ratio of total essenti al to total nonessen ­

tial amino acids was lowest with 100 percent LCP cotconseed 

protein . Plasma lysine con c entration was considerably 

higher compared t o other diets when RI -5 was the sole 

sour c e of the protein . 

Sneed (31) and Sneed et al . ( 32 ) fe d a diet 

containing 99 pe r cent of the protein from glandless 

cc tt c ns ee d protein to 6 college women . After consuming 

such a di e t fer a week , sig if"cant decrease i n thr eonine, 

~ reline isoleucine, tyrosine, and ysine concentrations 

vere found in fa ting plasma . No further decrease in the 

cc nc e ntraticns cf the s e amino acids was found wh en prot e in 

in the di t was reduced to 17 . 6 mg/kcal during the 



following 5 weeks. 

8 

Sutton (33) conducted a similar study 

in whic:.i. o l andless c oct onse ed protein ·~1a s for tif ied ·-virh 

1 7 mg o ~ L- lysine-H l per g ram of pro tein. Fastin g r l asma 

lysine level was increased after a week of consuming the 

diet . For ti f ication of lysine in the diet appeared to 

prevent the decrease of plasma lysine concentrati on. 

Urea plays a n important role in metabo li c and 

physiolog ic a l aspects in mammals (34,3 5 ) . Blood ur ea 

level is affe c te d by the pro t ein qua li t y of the di e t. 

Numerous studies showed an inverse relationship between 

the quality of die t ar y prote i n and plasma urea level in 

pigs (36 ,37 ), in rats ( 23,38-40) , and in humans ( 41,42). 

Early human stud i es b y Rose et al. ( 4 3 ,44) sho ~;ed 

an increase in urinary nitrogen whe n an exper i me tal diet 

c f complete p rcte in was cha nged to a vali n e o r me thi onine 

de ficient one . It was ident i fi ed that increased uri n ary 

urea was respons i ble for the increase in the nitrogen 

excre tion. Taylor et al . (41) obse rved a nega t ive 

ccr r ela ti cn between urinar y urea nitro 0 e n level a nd n et 

protein utiliza tio n in human s . A neg ative c or r elation 

be t\.Jeer the quality of dietary pre tei n and uri nar urea 

level was also observed in pi gs (3 7) and in rats (45 - 47). 



CHAPT:SR III 

MATERIAL S Ar·D 1fETHODS 

This study consists of two parts : (I) t he 

identification o f amino acid(s) in low quantity and the 

determination o f the amount of available lysine in raw 

defatted glandless cottonseed protein; and ( II ) the 

fortification of amino acid(s) identified as being low i n 

part (I) and the testing of the qua li ty o f fortifie d 

cottonseed protein by bioassay and biochemical methods. 

Part I 

A . An alysis c f Ami ne Aci d Composition 

Amino acid compositions of cottonseed protein1 and 

casein2 f ter acid hydrolysis were determined by Beckman 

121M Am ino Acid Analyzer. The hydrolysates were prepared ' 

according to the procedure outlined by Beckman Instruments, 

1Raw d e fatted g l andl ess cott ons eed flour obt a i ned 
r em Texa s A & M ni ve rsity , College Stati on, Te xas. 

Thi s cctc~ ~ seed ~l ~ ur ccncai ed 0.0062~ f r ee g ~ s s ypo l. 

2A 'RC ( An i mal utriticn Rese arch Co unci l) case in, 
Sheffield Ch e mica l , Lyn hurst , ew Je r sey . 

9 
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Inc. (48). The detailed procedure is i n Appe ndix B. By 

comparing the ami no acid composi tions of t h e two protei n s, 

the de fi c i en t amino acids in the c o ttcnse e d protein wer e 

identified. The amount of lysine determined by this 

procedure i s the total lysine . 

B . Analysis of Avail a ble Lysine 

Test p r o t eins treated wi t h 1- fluoro - 2,4- dinitro-

benzene (FDNB) acc ording t o the pro cedure of Blom et al . 

( 49) were acid hydr o lyzed, and analyzed for the content or 

amino acids a s prev iously described. The detailed proce-

d ure of FDtB t rea tment i s in App e ndix C. The a mount of 

lysine obtained by this method is the unavailable lysine . 

The amo unt of ava i lab l e ly sine was obtaine d by sub t r a ct ing 

t he amount of unavailable lysine f rom the total lysine 

( 50 ) . 

Part II 

A. Fortif"cation o f Lys i ne 

Lysine wa s identified as the mo st deficient amiro 

acid in part I . 
1 Twent y- two day s ol d male Holtzman rats 

upcn arri\·al were ho us ed individuall y in s uspended wire 

me s h cages unde r uniform conditions of light ( 12-hour 

1Hol tzman Co ., Madison , Wisconsin . 
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light/12 - hour dark) and tempe ratur e (22 ~ 1 °C), and were 
~ 

fed Purina Laborato r y ChowL an 1 w t er ad l i bitum~ . After 

5 days of acclimation, 74 rats within a body weight range 

of 12 grams we r e selected fo r testing . 

1 . Protein efficiency rat i o (PER) test. Fifty of 

the 74 rat s were randomly assigned to 5 grou ps tor PER 

t es t . The procedure was according to the met hcd of the 

Ass ociati on of Official Analytical Chemists (AO C) (51) . 

One g roup o f ra ts wa s sacrificed , efore feeding was initi-

ated to determine concentrations of fasting serum amino 

acid s . Th e remaining 4 g roups of rats were f e d one of 4 

diets presented in Table 1 . The dieta ry compositions 

t lO% protein ) a r e presented in Table 2 . The ra t s we r e 

provided f o od and water ad libitum. Body weight and feed 

cons umpt ion were measur e d weekly. After 28 days of feeding, 

FER o f each rat wa s calculated br the foll o wing formula : 

weight gain (g) 
PER = . d ( ) prote~n c on sume g 

(51 ,52 ) . 

An adjusted g r o up PER was calculated b y the following 

fo rmula (51 , 52) . 

Adjus t ed 
PER 

mean PER of x 2 . 50 
test protein mean PER of ref e rence 

ANRC casein 

Ove rni g ht fas ting blo od s amples were o btained from these 

1Ralstcn Purina Co . , St . Louis Missouri . 
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r ats t o determine serum urea leve l and s e r u m amino acid 

concenc -a ticn. 

2 . Nitrog en balance. The remaini ng 24 rats were 

transferred to individual metabol i c cages after acclima-

ti on and fed a case in diet (20% protein) for 4 days. The 

rats were then randomly assi gned to 4 groups and fed one 

o f 4 diets ( Diets 1-4 ) shown in Tabl e 1 . After being 

maintained on their respective diets for 3 days , urine 

excretion and fecal excret a were coll e c ted fer three con-

s ecuti ve col lecti o n periods of 4 days. Rat s were then 

switched t o a di e t c ontaining zero percent protein f or 7 

days . Urine and feces were collected during the last 4 

days . Th e rats we re p r ov ide d food and wate r ad li b itum 

while they we r e in the me t abolic c age s. Body weig h t and 

fe e d c onsumption were measured every 4 days. Fecal and 

uri 1ary samples were u sed for nitro'en , urea, and c r e ati-

: ine determinations . Nitr ogen balance ( NB) and biolog~cal 

val u e ( B ) we r e calculated for each rat by u sing the 

fcllowin g formulas (52,53) . 

NB 1 intake ( -ecal T me t a l:::G l ic ") (urinary N endogenous N) 

BV i ntake ~fecal met abolic N) - ndo~enous ) 



1 5 

B. For tification o f Amino Acids 

Twent y -two days o l d ma le Ha l: m3n at s wer e used. 

The environme ntal CLndition was t h e same as pr e v i ou s l y 

described . After 6 days of acclimation, 48 ra t s within 

a body weight range of 1 2 grams were s elected for te s ting . 

1 . Prote in e ff iciency ratio (PER ) t e st. Thirt y of 

t he 48 r a ts wer e randoml y a ss i gn ed to 3 groups a nd fed o ne 

o f 3 die ts ( Diets 5- 7) pre sented in Table 3 . The d i e t ary 

co mp o siti ons of t h e 3 di e t s (1 0 % pr o t ein) ar e presente d i n 

Tab le 4 . Th e expe r i me n tal proc e dures were i dent i cal t o 

t h e pr oc edure des cri bed on page 11 . 

Ni t rogen balan ce . Th e r emaini ng 18 ra t s wer e 

transfer r ed t c indi idual me t aboli c cages af t er accli ma ­

tion · nd fed a c a sein diet (20% p r o t ein) for 4 da ys . The 

r a ts we r e then rando ml y as si g n e d t o 3 groups a nd f e d one 

c f 3 diets s h ewn in Ta ble 3 . The e xperiment al procedures 

we re identical to that des cr ibed on p a ge 14. 

Pr epa ra t io n of Speci me n s 

Serum . Rats wer e anesthetiz e d with ether after 

o vernight fasting , nd bloc d was drawn from t he vena cava by 

us ing unhe par in ized s yringes . Blo od samp l es were allowed 

t c s tand for spo ntane ous cl o tting fer 30 minut es - t room 

t e mp e ratur e and centrifuged at 4 000 r . p . m. f e r 30 min­

ut Es . S rum samples were imme diatel y d e proteinized by 
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TABLE 4 

COMPOSI TII01 ' OF DIET (%) 

Ingredient 

Ca sein ( ANRC)a 

b Co ttonsee d fl c ur 

L-Ly s ine-HCl 

L- Methicnine 

L- Isoleucine 

Sucrose 

Corn oilc 

Salt mixture 
(USP XVII) 

Vi tamin mix . (AO C) 

Non- nutritive fiberd 

5 

11.40 

69 . 21 

7 . 99 

5 

1 

1 

4 . 40 

Diet 

6 

17.33 

0.50 

0. 13 

63 . 63 

7.90 

5 

1 

1 

3 . 51 

a,bRefer to Tabl e 2 fo r veudo r s o f t he n ut rient 
analysis . 

17 

7 

17.33 

0.50 

0 . 1 3 

0 . 20 

63 .4 3 

7.90 

5 

1 

1 

3 . 51 

c 1az cl a cern oil , Englewood Clif f , New Jersey . 

d Ce lluose type , Tek lad Tes t Di ets , Madison, Wiscons in . 
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adding 45 mg of sulfosalicylic acid per ml of serum . The 

precipitated protein was removed by c ent r ifugat i on at 

4,000 r.p.m. for 30 mi nutes. The deproteinized serum 

samples from two rats were pooled with equal volumes. 

The pooled serum sample was then diluted with equal volume 

of lith ium citrate buffe r (pH 2 . 2). The diluted sampl e 

was filtered through a 0 . 45 pm pore size filter, and 20 pl 

cf the filtrate was applied t o the Beckman 121M Amino Acid 

Analyzer for amino acid analysis. 

Urine . Urine was preserved with toluene and a few 

drops of 10 per c ent hydrochloric acid. A pealed 4-day 

urine was dilut ed tc a total vol ume of 200 ml , and fi l­

tered . One ml was used tc determine nitrogen, a nd 200 pl 

was used fo r determinati on of creatini ne. The urine wa s 

further diluted (1 : 5), and 20 pl was used f or determina­

tion of urea nitrogen. 

Feces . · Fecal exc r e t a were kept in 10 percent sul­

furic acid . A 4 - day pooled c ollect ion of feces was homog­

e nized wit h water tc make a final total volume of 100 ml . 

~we ml was used for t he de t ermination o f nit r ogen. 

Anal vtical Pr o c e dur e s 

Urinary and fe cal nitrogen contents were determined 

b y modified micro-Kjeldahl methcd (54 ,55). Serum and 
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uri n ary urea n itro g ens and urinary creatinine we re deter­

mined by the methods o f Giorgio (56 ) o Deta i led proced u res 

ar e in Appendix to F. 

Statistical Analysi s 

Data were analyzed by one-way a n al y sis of v ariance 

for each variable examined. When a significant effect of 

diet wa s detected, further comparison s among groups were 

performed by using the Newman- Keul s test ( 5 7). 



CHA.!TER ! V 

RESULTS AND DISCUSSION 

Amino Acid Com pos ition and Available Lysine 

Amino acid compositions and available l ysine 

contents of raw defatted glandless cottonseed protein and 

ANRC (Anima l Tutrition Res e arch Council) case in a re 

presented in Tab l e 5. The amount of each es sential amino 

acid in co tt onseed protein was expressed as per cent age of 

that in casein. Lys ine , methionine, a nd isoleucine 

a p peare d tc b e the t hree o we st a mino a cids in d esc e n d i ng 

ord e r. Data e n the amino acid compositi ons o f gl a ndless 

cc tt onseed p rotei n and casein publ i s hed in the literature 

also s h e wed that l y sine, methionine , and isoleucine were 

the thre e lcwest amino acids in d esc ending order (Appendix 

) . Tr y ptophan c ontent of cottonseed protei n was not 

s hown t c be to w . Swaminathan (58) reported that cotton­

see d pr o tein was l imiting in lysine and methionine. 

However Hcwe et a l . ( 8 ) and El i as a n d Bressani ( 21 

de mon s t r a t e d in animal f e eding st udie s that lysine , 

chrec .ine , and net i c ni ne a p pe ar e d t c be l i mit i n g am no 

acids . 

Amoun t s cf the thr ee lowe st ami n o acids a dd e d to 

20 
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TABLE 5 

AMINO ACID COMPOSITIONS AND AVAILABLE LYSINE CONTENTS OF 
DEFATTED GLANDLESS COTTONSEED PROTEIN AND ANRC CASEIN 

Amino acid Cottonseed Casein cs Erotein 100 (CS) protein casein X 

g/16 g N 

Lysine 4.35 8.36 52 .03 

Histidine 2.63 2 . 98 88 . 26 

Argi n ine 12 . 80 4.26 300.47 

Threonine 3.74 4.41 84.81 

Valine 3.77 6.26 60.22 

Me thioni ne 1.74 3.01 57.81 

Isoleucine 2 . 85 4.84 58.8 8 

Le ucine 6. 29 9.84 63 . 92 

Phenylal an ine 5.69 5.13 110.92 

Aspart i c ac i d 9 .5 9 7.36 

Se rine 4.47 5.84 

Gl ut a mic a cid 20.64 21.45 

Proline 3 .75 11.24 

Glycine 4 . 30 1 .76 

Al anine 3 . 88 3.32 

Cy s tir,e 2 . 15 1.01 

Ty r o sine 2 . 92 5 . 78 

sine 3 . 99 8 . 36 47.7 3 
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the cottonseed protein d iet were a·med to a chieve the same 

amounts of those ami o acids as in casein die=. Level of 

lysine added was expressed as either to achieve th same 

total lys ine co n t ent o r to a chieve the same avail a ble 

lysine content as in the cas ein diet . These levels were 

subsequently used for animal f eeding studies to test the 

effect of lysine for t ifica t ion. L-methi onine (0 . 13%) 

o r/and L- isoleucine (0.20%) were furthe r added with 

L-lysine -HCl (0. 50 or 0 .5 5%) for experimentation o f amino 

acids fortificati o n . Th e dietary r egimen is summarized in 

Table 6 . 

Fortification of Lvsine 

D ta en body weight change in rats from lysine 

fo rti fication study are p r esented in Table 7. Rats fed 

casein diet (Group 1) showed s ignifi c antly higher weight 

~ain than tha t of cottonseed pr o tein d iet with or without 

lysine fortification (Groups 2- 4) . No significant 

difference in weigh t gain was found in rats fed cotton ­

seed protein diet with or without lysine f or tificati on 

( Groups 2- 4) . Protein intakes did not si gnificantl y 

differ among the rats fed the 4 different diets (Groups 

1-4 ) (Table 8) . Bcctor and Harper (59) reporte d that the 

addition of l y sine to a basal diet containi n g 25 pe rcent 
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whe at gluten stimulated food intak e. Such an effect was 

no t seen in the pre sen~ study . Me an pr otei L efficienc y 

r atio (FER) of e ach dietary gro up is sl o~-rn. i n Table 8 . 

The FER of casein group ( Group 1) was significant ly highe r 

than those of cottonseed protein groups ( Gr cups 2-4). 

Differenc es of the PER among the cottonseed protein groups 

( Groups 2- 4) were n ot statistically signifi c ant . Other 

investigators al s o had shown that the PER of cottonseed 

prot ein was no t significantly improve d by lysine forti f i­

cati on alone a t the levels of 0.01 to 0.39 perc e nt 

L-lysi ne - HCl ( 8,21 ) . 

Fa ting se r um u r e a nitrogen leve l s are a ls o 

inc luded in Ta bl e 8 . Al l 4 g roups of rats had similar 

se rum urea nitro gen l evels . In studi e s ( 39 ,40) in which 

a ne g a t ive cor r elation b e t ween the qual it y of dieta r y 

protein nd plasma urea level was obse r ved , blood samp l es 

c f 3-4 hour postprandial time we r e used . In the preseht 

s tudy o e rni ght fas ti ng bl ood sample s were used . This ma y 

ontribut e to the f act that no corr elation was found 

between se rum ur e a Gitro g en l e vel and the type of dietary 

' OUrce . 

Data f r om nitrogen balanc e stud y o f rats fed 

c o tt ons ed pr otein diet wi th or without lysine fo rtifica­

tion are pr c se Gt ed in Ta bl es 9 t o 13 . Data we r e expressed 



27 

over the 12-day period. Whi le n i t rogen inta kes, urinar y 

n itroge n l evels, and endogenou s and metabolic n itrogen 

l evels we re simil ar amon g the 4 grou p s of ra t s, si gn ifi ­

cantly ( p < 0.01) more nitrogen was excreted in fec e s of 

rats fed cottonseed protein diet ( Groups 2-4) than that o f 

the casein diet ( Tabl e 9 ). Nitrogen ba l ance data 

expressed as either per 12-day period or per 100 gram body 

wei ght a r e shown i n Tabl e 10 . No si gnificant diff e r e nc e 

i n n i t r ogen bal ance wa s fo und a mon g r a ts fed t he 4 

differ ent diets. I n human s t udi es , it was also found that 

ort i f i c ation o f lysine al one to g landles s c ott on seed 

protein d i d no t improve n it r og e n balance of s u bjec ts (3 3 , 

60 - 62) . Sinc e cottcns eed prote i n is low in all 3 amino 

acids ( lysine , me t hion ine , and iso l euc i ne) , the f ort i fi ca­

t i on of l ysine al one might h a ve caused g r ea t er i mbal a nc e 

in the ami no a c id c ontent of c o tt onseed protein. Thus i t \ 

produced no b£nefi ci al effect on ni trogen bal a nc e of t he 

s ubject . 

s · gn' ficantl y l e ss ( p < 0. 01) ni t ~ o g en excret i on in 

rece s of rats f e d casein di e t (Group 1) was ob s e r ved. 

This was t h e result of higher (p ·' 0 . 01 ) dige s t i bili t y of 

cas in (Ta bl e 11) . Lysine for t ificati on did not influence 

t he digestibility o~ cottons e ed protein die t (Groups 2 - 4) . 

Biolog ical v alue and ne t pr otein u t ilizat i on derived from 
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nit r ogen ba lan ce data are p r esented in Tab l e 1 _ . Both 

bi ological v a lue and net prot ein u t ilization of group 1 

were significantly greater than tho se of the o t h er groups. 

Lysine fortificati on ( Gr oup s 3 & 4) did n ot i mpro v e either 

the biol og ica l v alue or the net protein utilization of 

cottonseed prot e in d iet . 

Ce rtai n ur i n a ry nitroge n metabolites we r e 

d e t e rmine d a n d the res u l t s a re pre s e n t e d in Tabl e 12. 

Differences in u r in r y urea n it ro g en l e v el a mong 4 g r ou ps 

of r at s wer e n o t s tatist i c ally s ignificant. Creatinine 

excret i ons did not dif f e r signifi c ant ly among the 4 g r oups 

of ra t s . Sinc e cre a tinine excr e t ~ on i n a dul t animal s and 

me n has been recognized to be essent i ally constan t and not 

to be infl u enced by die t ary prot e in manipu lat ion ( 6 3) , t h e 

result on crea t ini ne exc re t ion d o es n o t come as a surprise . 

A Pearson correlation coeffic i e n t was per f ormed on the 

biological value of dietary proteins and ur i n a r y u r ea -­

ni trogen . Negati ve correlations were fo u nd (Tabl e 13) . 

Hi
0

her correlation was fo und when ur ea nitrogen was 

expressed ei the r as mg/100 g b. wt . /day or as a ra t io of 

ur e a n itrcgen to creatinine . Urinary r ea levels have 

been found t o be negatively corr ela t ed to quality of 

di e tary prote i ns ( 37,41,46,47). 

Fas t ing se rum amino acid concentrations of ra t s a re 
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shown i~ Tabl e 14 and 15. Lysine ~ methionine, a nd 

isoleuc~ne in fasting serum of rats fed coct nseed prote in 

diet ( Gro up 2) for 28 d a ys were no t l ower than those of 

the casein group, although these amino acids were low in 

quantity in cottonseed protein. Lysine fortification at 

0.55 percent in the cottonseed protein diet produced the 

highest serum lysine concentration and i t was signi ficant 

at p < 0.05 when it was compared to that of rats in group 

1. Since arginine content o f cottonseed protein d i e t was 

about three t imes as much as that of casein diet, the 

fasting serum o f rats fed cott onseed protein diet with or 

without lysine fo rtif ication (Groups 2-4) showed signifi­

cantly higher (p < 0 . 05) level of a r ginine than that of 

rats fed ca sein diet (Gro up 1) . 

It is inte r est ing to note tha t regardless of lysine 

fortifi ation , fasting serum threonine c onc ent r ati on of 

rats fe d cottonseed protein diet (Groups 2-4) was about ­

half of that of the control group (Group 1). It is 

pcssi b le that i n rats serum threonine concentration is 

affected mc~ t sensitively when slight defic·ency of such 

a ami no acid is p r e s ent in the diet . The c oncentrati ons 

O L valine , me thi onine, isoleucine, l eucine, and phenyl ­

a lanine in the fa s ting serum of g roup B fed Purina 

Labo r ato r Ch ow were s ignificantly hi gher than those of 
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TABLE 14 

~~sT:NG SERUM ESSENTIAL AMINO ACID CONCENTRATI ON OF RATS FED DE FATTED 
GLA NDLESS COTTONSEED PROTEIN WITH OR WITHOUT LYSINE FORTIFI CATION 

FOR 28 DAYS (micr omole/liter serum) 

Amino acid 

Ly sine 

His tidi ne 

Ar g inine 

Th r eonine 

Va line 

r1 e t h ionine 

Isoleucine 

Leucine 

68. 5 
(7. 9 ) 

185. 9 
(22 . 4) 

28 2.5 
(8 1. 6) 

257 . 7 
(38 .8 ) 

-,'-;-:.': 

74 . 1 
( 8. 8) 

118 . 8 
(11. 5) 

186 . 2 
(19 . 9 ) 

Phe ny l a l a nine 70 . 6 
( 10 . 7) 

To t a l 1,789 . 2 
(204 . 3) 

1 

61 1.5 
( 38.8) 

76.8 
(13 . 4) 

212. 0 
(29.2) 

,r_. .,.,_ 

422. 6 
(21 . 7) 

166 . 5 
(23 . 3) 

6 1. 6 
(4 . 2) 

90 . 9 
(12 . 5 ) 

13 3 . 9 
(19 . 4) 

53 . 1 
( 9 . 7) 

1,829 . 1 
(13J . 8) 

a 
Group 

2 

593 . 6 
(65 . 4) 

6 7. 3 
(10. 5) 

255.5
7' ,+ 

(6 2.2) 

212.2 
(27. 3) 

1 17. 5 
( 12. 4) 

60.6 
(4.3) 

88 . 8 
(8 . 9) 

129 . 4 
( 12 . 4) 

U.9. 8 
( 3 . 6) 

1 , 574.6 
(139 . 1) 

3 Re e r t o T ble b for die t de signa t ion . 

b3aseli ne p r ior o e xperiment 1 feeding . 

c;.: e n (SD) of 5 poole d s mples • 
.. 

3 

583 . 3 
(69 . 5) 

65 .1 
( 11 . 2 ) 

2 6 9 . 6 ,., '+ 

(49 . 5) 

222 . 8 
( 43 . 1 ) 

136 . 2 
(16 . 5) 

5 7. 4 
( 4. 6 ) 

91 . 8 
(8.6) 

1 26 . 8 
(10 . 8) 

so .o 
( 6 . 1 ) 

1, 603 . 0 
(179 . 2 ) 

S i~nificant a t p < 0 . 05 compar ed to C r o~p 1 (Control) . 

TSiQnificant at p < 0 . 05 compa r ed t o Group B ( Ba s e line ) . 

. ) · gni fic n t p < 0 . 05 compa r ed t o a ll g r oups . 

4 

733.8 
(81.5) 

66 . 6 
( 7. 1) 

259 . 3''',+ 

(30 . 3) 

221 . 5 
(35 . 0 ) 

140 . 3 
(17 . 6) 

61 . 9 
( 3 . 2) 

98.1 
(4 . 7) 

141 . 8 
(4 . 9) 

52. 4_ 
( 3 . 6) 

1,77 5 . 6 
( 130 . 8) 
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TABLE 15 

FA STING s~RUM NONE~SENTIAL AMINn ACID CONCENTRATION OF ~ATS FED 
DEFATTED GLANDLESS COTTONSEED PROTEIN WITH OR WI THOUT LYS I NE 

FORTIFI CA TION FOR 28 DAYS (micromole/liter se r um) 

Group 
a 

Amino acid 
Bb 1 2 3 4 

15 . 3c, 
,~ .. /\ 51.6''' ,o As par ti c acid 36 . 8 45 . 8 39 . 9 

( 2 . 3 ) (4 . 7) (12 . 4) ( 1 . 8) (7 . 4 ) 
_,_.._, .... 

Se r ine 3 27 . 9 634.8 595 . 2 632 . 0 67 1.3 
(47 . 6) (4 1.1) (63 . 0) (59 . 4) (9 7. 3 ) 

- , ut amine 476 . 5 427. 5 616. 7''' ,+ 622 . 5''',+ 628 .2 ''',+ 
;; 

(81. 5) (47 . 8) ( 46 . 5) ( 51 . 8) (6 4 . 9) 
... • ..... r ... 

_,_ _,_ _,_ 

Glu t amic aci d 77 . 5 180 . 8 227. 9 222 .7 238 . 2 
(17 . 0) (29 . 9) (33 . 1) (22 . 5) (22 . 0) 

Glyc i ne 479 . 0 456 . 8 475 . 2 409 . 8 402 . 8 
(57 . ) ( 47 . 6) ( 70 . 1) (33.7) (39 . 5) 

Alanine 420 . 6 36 6 . 0 347.5 J26 . 8 360 . 3 
(62 . 7) (84 . 7) ( 46. 0) (35.2) ( 53 . 4) 

..J. 

27. 1° (.,y stine 35.6 28 . 3 37 . 6 46 . 2 
(9 .0) (4 . 8) (6 . 7) (7 . 9) ( 4. 6) 

T'l rosine 73 . 3 85 . 3 75.6° 98. 4+ 74 . 2° 
(13 . 2) ( .4 ) ( 7 . 7 ) (11 . 6) (9 . 6) 

•• ..l ..... l .. 

270.5++ 276 . 0++ Tau rine 200 . 7 152 . 3 341 . 7 
( 68 . 0) (16 . 5; ( 30 . 2) ( 43.7) c 8 .-.s ) 

Citrulli ne 81 . 8 68 . 9 66 . 9 73 . 3 86 . 9 
(7 . 5) (13 . 2 ) ( 7 . 9) (15 . 1) (9 . 0) 

rnithine 75 . 8 106 . 0 97. 5 96 . 7 5 . 1 
(20 . :C..) ' 17 . 5 ) ( 23 . 1) ( 19 . :2) (8 . 8 ) 

T v t - l 2,354.1 2, 5 3 . 5 2 , 928 . 2''' , + 2 ' 8 3 8 . 8 ;': ' + 2 , 911 . 6''' ,+ 

(151 . 3) ( ') 8 . 6) (200.4 ) (70 . 5) (119 . 8) 

I , lJ , C , ~ : 
f2r to Table 1 

S i g nifican t t p / 0 . 05 compared to Croup 2 . 
I) . ificant 0 . 05 compa r ed to Gr oup 3 . 51;; at p < 
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the other gr oups* Sinc e Purina Laboratory Chow contained 

approximat e ly 22 percenc pr otei n while all other test 

d ie ts containe d 10 perc~n~ pr ~ ·-2~ n ~ ~~ is po s sible t hat 

the quantity of diet ary prctein h ave n effect on the 

concentrations of serum amino acids. Taurine c oncentration 

in fasting serum of rats fed casein diet (Group 1) was 

s ignificant ly lower ( p < 0 . 05) than those of the other 

g r oup s (Groups B & 2 - 4). Th i s may be due to the fac t ~hat 

cnly a small amount of cystine is present i n casei n and 

taurine i s a cysti n e metabolite. The ratio of total 

essentia l to tot al n onessential amino a cids in f asting 

s erum was lower in ra ts f e d d "ets wi th cottonseed as 

p r otein sourc e ( Gro u ps 2-4 ) than that of rats fed eithe r 

casein di e t or Purina Labora t ory Chow (Groups 1 & B) . 

In human study, Sne ed (31) and Sneed et al. (32 ) 

o bserved d e creases in fasting plasma levels of threonine , 

proline , isol€ucine , tyrosine, and lysine one week after 

consuming a diet conca i ning cottons ed prot e i n. If 

coctcnseed protein diet -ortified with 1 7 mg of L- lysine ­

HCl per gram c protein was cons u med for one week , there 

was an increase in fastiug plasma lysine level (33) . 

This suggest s that lysine fortifi cati cn could prevent the 

decrease of plasma lJsi ne _oncen t ration . Since the level 

c f protein in the diet , the length of feed ing p e riod , and 
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the spec i es u sed as test subjects are differen t bet~een 

the above huma n studies a nd the present ani mal s tudy, 

comparison on the effect of lysi ne fortifi c a tion will not 

be valid . 

In summary , lysine fortification of cottons e ed 

protein diet did not increase either the protein eff i cienc y 

ratio or the biolog ical va lue. Fasting serum amino acid 

concentrat ion of rats was affected neither by lysine 

for tification o f cotton s eed protein di et nor by the mino 

acid composition of t he di et . The overall effects of two 

levels of lys ine fo rtifica tion to cottonse e d pro tein d iet 

could not be diff erentiated. The ef f ect of adding lysine 

to achieve che same total lysine or t he s ame avai l able 

lysine c ontent a s in casein diet was simi lar. The lower 

level of fortificat i on ( 0.50% L-lysine-HCl ) was thus 

chosen for the followin0 experiment o f addit iona l a mino 

acid fo r tification. 

For tificati on of Amino Acids 

Body weight c hanges of rats for lysine, methioni e , 

and isoleuci ne fortification en PER s tudy a re pr e s ent e d in 

Ta bl e 16 . e i g ht gain of rats in group 7 was s i gnificantly 

less (p , 0 . 05) than that of the con tr ol g r ou p ( Gr oup 5) . 

Protein intakes were similar among the 3 g r o u ps (Table 1 7) . 

~able 1 7 s h ow s the mean pr otein ef fici e nc y rat io (PER) o f 
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each dietary g roup . The PER of c ot to~seed prctein diet 

fortified with lysine and methionine or lysine, methionine, 

and isol euc ine (Groups 6 & 7) were n ot improved to the same 

extent as that of t he casein d i e t. Studies on fortifi c a­

tion o f the same am i n o a c id s in combination to cottonseed 

prot ein up t o the leve l o f 0. 20 percent h a d showed no 

improvement in the PER (21) . In the presen t study , the 

le els of amino acids fortification we re incre a sed, but 

there was no observable improvement in the PER values . 

' o difference in fasti ng serum ur ea nitrogen l eve ls was 

found among t h e 3 g roups of rats (Table 1 7 ) . 

Tables 18 to 22 s ho w data from n i trogen balanc e 

s tudy of ra t s fed c ottons eed protein diet fortified with 

several ami o acids . Results on nitrogen intake, urinary 

nitr gen excretion , and endogenous and me t abolic nitrog en 

exc retions were similar in the 3 g r ou p s of rats (Tabl e 1 8 ) .\ 

Rats in casein g roup (Gr oup 5) exc e ted significantly Iess 

nit r ogen in feces (p < 0.01) than rats in cottonseed 

protein groups . ~itrcgen balance data ar e pre s ent ed i n 

Table 1 9 . o difference was found i n n itrog en balance 

e xpressed as ei the r tctal or pe r 100 6ram body weigh t among 

the 3 g r oups . Rat s in this nitrog en balanc e s tudy a ppeared 

to ha e greater nit roge n balance than r ats in the previous 

ni trogen balanc e study (Tabl es 10 & 19). Com aring t he 
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results of this n itrogen balance study to thosa of the 

pr v i ous one, the addit i onal ~ ortif i caticn of methiunine 

or/and isoleucine i~ addi tion ~o l y sine to cottonseed 

protein diet (Groups 6 & 7) appeared to have overcome t he 

a mino acid imbalance caused by lysine fort ifi cation alone ·r 

(Gro u ps 3 & 4) (Tables 10 & 19 ) . 

Diges tibili ty (D), bio l ogical v alue (BV) , and net 

prot ein utilizati on (NPU ) of the 3 dietary proteins a re 

shewn in Table 20 . Dige st ibili t y of casein group (Group 

5) was significantly higher ( p < 0 . 01) than t h os e of 

cottonseed protein groups (Groups 6 & 7). Alt hough 

cottonseed protein was fortified wit h lysine, methionine, 

and isoleucine, c asein still showed si gnificantly be tt e r 

BV (p < 0 . 05 or p / 0.01 ) and NPU (p / 0.01) than those of 

the fortified cottonseed pro t ein. Differences o f the BV 

and t e NPU between groups 6 and 7 were n ot statistically 

significant . -

Data on urinary nitrogen metabolites a r e presented 

1n Ta ble 21 . Less ur e a nitr cgen excretion was found in 

rats fe d casein diet . No differenc e was found in creati ­

n ine e x r e t ions . Signif ic ant nega t ive c orrel ation was 

ound b e tween BV a nd urea nitrogen leve l expressed as 

~g /day or mg/100 g b . wt ./day or as the ra ti o o f u r ea 

n itroge n to creatinine (Tabl e 22) . 
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Fasting serum amino acid c oncentrat ions of rats fe d 

c ottcnseed protei n di et with amino a ci ds fortificati on a re 

presented in Tables 23 and 24. Among the 3 amino acids 

used for fortification purpose only the concentration of 

lys ine in the fasting serum of rats fed the fortified diets 

was increased ( p < 0.05). Rats in casein group ( Group 5) 

again showed significantly higher (p < 0.05 ) fasting serum 

concentration of threonine than those in groups 6 and 7. 

Concent rati ons of histidine, v aline, phenylalanine 

glutamine, and citrulline were significantly lower 

(p < 0.05) in the fasting se rum o f rats in g roups 6 a nd 7 

than those in grc u p 5. It is no t clear i f s uch an eff e ct 

o ccurred by further fortification o f methi onine or / and 

isoleucine in addition to l ysi n e to cottonseed protei n 

di e t or was s imply due to experimental variations. 



TABLE 23 

FAS TING SERUM ESSENTIAL AMINO ACID CONCENTRA I J N OF RATS 
FED DEFATTED GLANDLESS COTTONSEED PROTEI N WITH 

AMI NO ACIDS FORTIFICATION FOR 28 DAYS 

Am i no a cid 
Grou a 

5 7 6 

mic romol e/liter serum 

Lysi ne 499.7 :::: 72 .0b 
-·~ 

624 . 5 : 45 .3 + 624.7 - 90.8 

Hi stidine 
+ 

63.7 - 6 . 1 + 45 .9 - 3 .9 46.5 - 3 . 3 

Arg i n ine 176 . 0 : 45 . 2 197 . 8: 27. 9 223 . 9 + 72 . 5 -

Th r eo n ine 441 . 6 - 4 7 . 7 
·'-

187. 6 : 23 . 3 197.9 + 18 . 9 -

Valine 1 0 . 2 :::: 31.4 
-·~ 

114. 9 : 18 . 9 + 119.5 - 11 • 3 

Me hion ine 63 • 2 : 9 . 6 56 . 8 : 4 . 9 60 . 0 + 6.4 -

Isoleucine 98.6 : 14 . 9 81 . 5 : 9 . 8 95 . 3 + 10. 9 -

Leuc ine 
+ 136 . 0 - 24 . 113 . 3 : 13 . 6 132 . 3 + 26 . 9 -

-·~ 

" 

" 

-·~ 

..J~ 

Phe nyla l 58 . 6 + 7 . 8 nine 44 . 7 + 10 . 2 + 47 . 2 4 . 6 

Iota~ 1,707 . 5 - '247 . :. 1 '46 7 . 1 : 7 . 2 + 1,547.4 - 211 . 8 

a e f e r to T ble 6 f o r ~ iet des i g nation . 

bMe n : SO of 5 pooled s mples. 

:>i~n i i c nt t p < 0 . 0'5 compa red to Gro up 5 (Cont r ol) . 
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TABLE 24 

FASTING SERUM NONESSE r TIAL AMI ~O ACID CONCENTRATION OF 
RATS FED DEFATTED GLANDLESS COTTONSE ED PROTEI N 

WITH AM I NO ACIDS FORTI FI CAT I ON FOR 28 DAYS 

Amin o acid 
5 

As pa r t ic a cid 5 7. 7 :: 4.4 b 

Se ri ne 661 . 1 :: 66 . 1 

Glu t amine 4 73 . 6 + 20 . 6 ~ 

223 . 5 + 16 . 9 -Glutam i c acid 

48 1 . 1 + 84 . 4 -Glycine 

4 28 . 4 + 46. -Alanine 

Cystine 19 . 7 :: 2 . 3 

Ty r osine 93 . 0 :: 13 . 3 

a 
Grou p 

6 

mi c r omole / li t er s e r um 

56. 4 ::: 7 . 3 

·'-
5 26 . 7 :: 80.3 

58 1 . 1 .: 69 . 4-k 

21 8 . 8 :: 22 . 3 

363 . 0 .: 6 7.4 
·'-

406 . 2 :: 47.6 

+ 
21 . 0 - 2.5 

·'-
59 . 3 ::.: 10 . 5 

7 

5 2. 7:: 6 . 3 

564 . 9 ::.: 78 . 3 

569 . 2:: 54 . 7 

217 . 1 ::: 18 . 9 

403.3.: 38 . 2 

38 4 . 5 :: 25 . 6 

24 . 7.: 7 . 0 

68 • .5 .: 9 . 2 

so 

_,_ 

-;'~ 

T urine 191 . 3 + 43 . 8 462 . 4 + 26 . 8 400 .4 + 2 8 . 3 -:- ' + 

Citrulline 80 . 8 :: 9 . 9 

Ornithine 36 . 1 ~ 24 . 1 

Total 2 , 8 6 . 5.: 196 . 7 

50 .5 ::.: 3 . 8 

+ 
150 . 2 - 42 . 2 

+ 2 , 895.5 - 2 ' 5 .7 

o Tabl e 6 for die t de sig nati on . 

+ SD of 5 pooled samples . 

" 

+ 
53 . 9 - 4 . 2 

14 5 . 9 ::: 6 8 . 7 

·'-

+ 2 ,8 85 .2 ~ 203 . 7 

o i g nificant t p < 0 . 05 compa red to Group 5 (Control) . 

~ S i g nific nt ~t p / 0 . 05 compa red to Group 6 . 



CHAPTER V 

SUMMARY AND CONCLUSION 

The present study was designed t o investigate the 

most effec t ive way of fortif y ing amino acids to raw 

defatted gland less cottonseed flour to i mpr ove the protein 

qual ity . The s tudy consisted of two par ts : (I) t o a nalyze 

the composition of a mino a ci d a nd t he a mount c f available 

lysine in raw defatted gland less cott onseed pr o tein, a nd 

( II ) to fortify amino a c id( s) identifi e d as be ing l ow i n 

par t (I) to co t tonsee d protein, and tc tes t tne qua l ity of 

fo rt ified co tt onseed pro tein by bicassays a nd biochemlcal 

me thods . The b i oa ssays included protein efficienc y r a ti o 

(PER) study , and nitrogen balance ( NB) s tudy, from whic h 

biological values ( BV) of the test pro t e ins were deri v ed. 

The biochemical analyses inc l uded the determinatio s of 

fasting serum amino a cid conc ent r a ti on, fasting se r um urea 

nitrogen, uri nary u r e a n itrogen , and urinary creati n ine . 

Stati s tical evaluati on included one - way analy s i s o f 

varianc e and ewman -Ke ul s test. 

Lysine, meth i c ine, and iso l e ucine were shown to be 

t h e three lowest a mino acid s in raw defatt e d glandl e ss 

cottonseed pr o tein . Fortificat i on o f 0 . 5 o r 0 . 55 pe r cent 
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L- lysine - HCl to cottonseed protein did n o t im_rove PER 

v alue significan t ly in compari s on to that o f the cotton­

seed protein without lysi _,c .c e rtification . The PER values 

of the lys ine f ortified groups were still significantly 

l ower than tha t of the c a se in gr oup . Nitrogen bal ance data 

did not show i mpr oveme n t in the l ysine fortified groups. 

Di ges t ibilit y (D), biolog ical value (BV) , and ne t protein 

utilization (NPU ) were not improved ei ther. Casein diet 

showed signif i cantly higher D, BV, a nd NPU than those of 

cottonseed protein diet wi th o r without lysine fortifica­

tion. From this set of da ta , fortifica t· on of 0.50 percent 

L- lysine-HCl was chosen fo r subsequent s t udi e s since nc 

difference in either PER or BV was fcund between the two 

levels of lysine fo r t ificati on of cottonse ed protein. 

In the practical sense , lower leve l of fortif i cation could 

s ubside the ccst of a fortification program. 

Further fortifi cati on with 0.13 per c ent L- methiohine 

o r 0 . 13 percent L-methionine plus 0 . 20 percent L-i so l eucine 

in addition to 0 . 50 perc e n L-l y sin - HCl to cottons eed 

p rotein d i d not improve the PER tc the same e xt e nt a s that 

c - t h e ca se i d i e t. The adjusted PER \vas sli ghtl y improved 

by fo rtific a ti o n c f lysine and methi onine , but remained 

le\e l with f ortif i cation of lysine, methioni ne, and 

isoleuci ne . Bi o l og ical value did not s hew appr e ciable 
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improvement by for tificat ion of lysine and methionine o r 

l ysine, mechionine, and isol eucine. Urinary ~rea nitrogen 

level was no t significantly lower ~n rat s fed case·n d iet 

than those fed cottonseed protein diets. Significant 

negative correlati ons were found between the biological 

values and urea nitrogen excretions. No appreciable 

effect of amino acid(s) fortif i cation was found on tasting 

serum concentrations of a mino acids . Regardless o f amino 

acid(s) for t ificatio , co n centration of threonine was 

lower in t h e fasting serum of rats f e d cottonseed protein 

die ts than that of rats fed casein die t. In contrast, 

taurine was higher in concentr ation in rats fed cottonseed 

pro tein diets than thac of rats fed casein diet . Fasting 

se rum urea nitrogen levels were not diffe r entiated by 

ei ther dietary protein sources or fortification of 

different amino acids. 

In conclusicn, the data from the two PER studies 

showed slight improve men t of the adjusted PER when lysine 

and methionine ~ere added to cottons e ed pro te in . However, 

such an effect was not au d in the biological a l ue . The 

f c rtification o f raw defacted glandless cottonseed flour 

iet ith 0 . 50 percent L-l ys i ne - HCl and 0 . 13 percert 

L- methicnine appeared to be most effective in improving 

the quality of cottonseed protein . 



APPEND I CES 



APPENDI X A 

AMINO ACID COMPOSITIONS OF GLANDLESS COTTONSEED 
PROTEIN AND CASEIN ( g / 16 g N) 

Glandles s cottonseed protein a 
Amino acid Casein 

Range Average 

Ly sine 4 . 3- 4 . 6 4 . 5 8 .4 

His tidine 2 . 6- 2 .9 2 . 7 3.0 

Ar g inine 11 . 2-13 . 2 12 . 1 3 . 8 

Trypt o phan 1.0- 1. 3 1 . 2 1 . 6 

Cystine 2 . 2- 2 . 6 2. ·, 0 . 5 

As partic a cid 8 . 6- 9. 3 9.1 7.3 

Threonine 2 . 8- 3 . 2 3 . 0 4 . 8 

Ser ine 3.9 - 4 . 4 4 . 2 6 . 2 

Glutamic a cid 19 . 9- 22 .4 21 .6 22.5 

Proline 3.1- 3 . 7 3 . 4 11 . 8 

Glycine 3.7- 4.6 4.1 2 . 0 

Alanine 3 . 6- 4 . 2 3 . 9 3 . 1 

aline 4 . 1- 4 . 8 4 . 4 6. 9 

·1e thionine 1 . 2- 1 . 7 1 . 4 2 . 6 

Iso leucine 2 . 8- 3 . 2 3.0 5 . 5 

Le ucine 5 . 3- 6 . 1 5 . 7 9.7 

Ty r os ine 1.6- 3 . 6 2 . 9 5 . 9 

Ph enyl alanine 5 . 0 - 6 . 2 5 . 4 5 .3 

aLa whon J . T ., Cater C. M. & Matti l , K. F . (197 7 ) 
Eva l ua c icn of the food use potential of sixteen 
vari et~es of cottonseed . J . m. Oil Ch e rn . Soc. 
54 75- 80 . 

b 

bFoo d and Agric u lture Or ganization (FAO) (1970) mi no 
Acid Conte t of Foods and Biological Data , p . 132, 
FAO , Rome , Italy . 
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AP PENDIX B 

PRE ARATIOcl OF HYDROLYSATE OF DIETARY PROTEI ~ 

~ . Approximat e l y 50 mg c f the samp e s wer e pl2ced in 
hydrol y sate tubes. 

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

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

4 . Hydrolyze the s amples at 100 0 C for 24 hours . 
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5. Evaporate HCl in a v acuum desiccator with NaOH in it . 

6 . Add 2 ml of li thium c itrate buffer (pH 2.2) int o the 
dried samples, and mix. 

7. Dilut e the sample s to have proper concentrat i ons 
(abcut 1 :50 dlluticn) . 

8 . F i lte r the d iluted samples through 0 . 4 5 urn pore si z e 
filters. 

9 . The filtered samples are ready to be run by the 
Beckman 12 1M Amino Acid Analyze r . 

10 . Amo unt of lysine obtained by this procedu re is the 
tot 1 lys ine. 



APPENDIX C 

DETER I 7ATI ON OF . VAILABLE LYSINE 

1 . Wei gh ou t s amples (about 2 5 mg) a nd put int o 
hydr o lysate tubes . 
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2 . Add 2 ml o f saturat e d Na HC03 s o l u ti on i n t o the s ample s , 
mix , and a l low to stand fo r 1 mi n . 

3 . Add 7 5~1 of FDNB ( 1- fluor o - 2, 4 - d i ni tro benzene, pu re 
grade) d iss o l ved i n 3 rn l of 9 6% e t hyl al cohol . 

4 . He a t the samp le t u bes to 40 °C fo r 5 ho ur s and s hak e 
occ a s ionall y . 

5 . Evaporate the al c ohol . 

6 . Extract the dried samples 8 times with 1 5 ml of diethyl 
e t her and remov e t h e e t her by decant a tion . 

7 . Add 2 ml of 6 N HCl int o the dried samp le res i due s. 

8 . Evacuate the samples for 4 - 5 hours under dry i ce/ 
methano l . 

9 . Hydrolyze the samples at 100 °C f or 24 hours. 

10 . Ext ract the hydrolyzed sampl e soluti ons 3 times with 
2 ml cf diethyl e ther . 

11 . Evaporate HCl in a vac uum desiccator with NaOH i n it . 

12 . Add 2 ml of l i thium ci t rate buf f e r ( pH 2 . 2) i n t o t he 
dried samples, and mix . 

1 3 . Dilute the samples to have proper concentrat ions 
( about 1 : 5 dilution) . 

14. Filter the dilut e d samples t hroug h 0 . 45 /urn pore s i ze 
filters. 

15 . The filtered sampl e s a r e ready to be r n by the 
Beckman 1 21 1 Amino Aci Analyzer . 

16 . Ly sine obtained by this procedure i s the unavailab le 
lysine . 

17 . The ava i lable 1 sine can be calculated by s ubtr a ct ing 
the unavailable lysine from the t otal l y sine o btained 
by the procedure included in Appendix B. 



58 

APPENDIX D 

Dr.'TERHirJATION OF NITROGE T BY J:viiCRO- KJEL:GAHL ~1ETHOD 

Reagents: Di ges t icn mixtu e (40 g cf K?S0~/250 ml of H7o + 
2 50 ml of conc-H2S04 + 20 ~1 ~f 1 M CuS04·)H20) 

4% Boric acid 

40% NaOH 

1% Me thyl red 

0 . 05 N HCl 

Nitrogen standard ( 1.2380 g of (NH4)2S04/2 50 ml 
o f H20) -- 2 rnl of N std contai n s 2 . 1 mg o f N. 

Pr o c e dur e : 

1. Digestion--Put samples into 30 rnl rnicro -Kjeldahl 
flasks: N std, 2 ml; uri ne, 1 rnl of t he 4 - day pealed 
(200 ml); fe ces, 2 ml of the 4-day pooled and 
h omogeni z ed (1 0 ml ) 

dd 2 ml of digest i on mextur e int o the s amples. 

Digest the samp les until color of so lut ions turn s 
clear green . 

Step d i ges ti en and cool the samp le solutions . 

2 . Disti l lation--Add a di g ested s amp le solution into the 
inne r chamber, rinse a Kjeldahl fl a sk with about 
5 rnl of H20 , a nd a dd i t into the inner chamber . 

When the digested sample solution in t he inner __ 
chambe ~ be g i ns t o boi l, add 10 ml o f NaOH i nt o t h e 
sample solutien ve ry slowl y while t he ~ondenser cip 
is i mme rsed in 5 ml c f boric a cid plus 1 - 2 drops of 
met h yl red , nd close the stopcock a s soon as NaOH 
i s added . 

Distill fer 7- 8 min, and rinse h e condenser t ip 
with H20 . 

Titrate vi th 0 . 05 iT HCl. 

Calculation: 

4 ml acid x 0 . 05 x 1000 mg t = 1 x 1000 ml acid x 0 .7 
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APPENDIX E 

DETER~IN TION OF UREA NI 7ROGEt r 

Reagent: Urea nitr ogen reagen t --

Add 44 ml of conc~H2 so4and 66 ml o f 8 5% 
a - phosphor i c a cid i nto a bout 100 ml of H20, mix 
it , and cool it . Then a d d the fol l owing, 
dissolving e ach successively: 

50 mg of t h iosemicarbaz ide 
2 . 0 g o f cadmium s ulfate oc tahydrate 
10 ml urea so luti on ( 2 . 6 mg/100 ml ) 

Mix the solut ion, dilute to 1 liter with H20, 
and keep it in an amber bottle . 

2% Diacetyl monoxime--keep it in an amber bo ttle. 

Urea N standards (30 and 60 mg urea N/ 100 ml ) 

Procedure : Put 5.0 ml of ur ea N reagent, and 20 »1 cf two 
standards , serum samples ( depr cteiniz e d), or 
ur·ne samp les (dilut ed to 1:5) i n t o t es t tubes, 
and mix. 

Place the test tubes into boiling water . 

Remove the test tubes after 12 min, immerse them 
in cool water for 5 min , and mix . 

Read absorbances of two standard s and the 
unknown samples aga i nst reagent blank at 540 -nm . 

Construct a two - point calibration curve and 
determine the concentrations o f the unknown 
samples . 
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APPENDIX F 

DETEP.i·.i NAT I ON F URIN RY i EATINifE 

Reagents: 0.036 M Pi r · c acid 

1.4 N HaOH 

Creatinine standard ( 13 . 2 mg/100 ml ) 

Procedure: Put 0.1 ml of creatinine s tandard or 0 . 2 ml of 
urine samples into test tubes, and dilute to 
a total vol ume o f 3 ml with H20 

Add 1.0 ml of picric acid into the te st tubes 
and mi x . 

Add 0.5 ml cf 1 . 4 N NaOH into t he firs t t est 
tube, set a timer for 15 min , and mix the test 
tube . 

Add 0 . 5 ml of 1 .4 NaOH int o t h e ~emaining tes t 
tube s at 30 sec int e r va l s . 

Aft e r exactly 15 mi n after adding NaOH , r ead 
absorban c es o f the standard a nd t he unknown 
samples against reagent bl ank at 500 nm at 30 
sec interv al s . 

Ca lculat i on : 

mg cre a tinine /0 . 2 ml urine Ax x 0 . 13 2 x 0 . 1 
As 
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