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CHAPTlll I 

Ilff&ODUCTIOJ!1 

&ice is one of the most important staple cereals in the world, 

because it is the basic daily diet for a large proportion of the 

world population. In the Par last, it aervea as the main eource of 

protein a1 well as energy. Other than rice, wheat, corn, millet, 

sweet potato and cassava are available for the people. 

There is substantial evidence that protein malnutrition is common 

in many parts of the world today, particularly among young children, 

pregnant and lactating women. This protein deficiency is primarily one 

of quality (Jaasea and Howe, 1964). The protein daficieocy in Africa, 

however, U both ia quality aad quautity. Although rice ls a good 

sou~c• of energy, it can not be conaidered as a complete food in terms 

of proteia value. Jauen and Howe (1964), and Pollack (1956) obeerved 

independently that, in the rice•eating countri••• the diet of the 

people is deficient in the following amino acids listed in order: 

lysine, threonine, and isoleucine. 

Soyb•an•, in contrast to other leguminous seeds, contain a rela• 

tively small quantity of carbohydrate. After proper heat treatment their 

protein• are adequate for promoting normal growth. Properly processed 

soybean meal is an excellent source of protein for poultry (Altachul• 

1958), aad for human consumption (USDA. 1962). In view of the rapid 

increa1e in the current world population, Albanese.!!.!!• (1949) 
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stated that extenaive use of vesetable protein diets mipt be necessary 

if future food production fails to keep pace with the population 

growth. 

Over the years a great deal of attentiora haa been given to pro• 

viding for inexpensively produced and easily obtainable sources of all 

autrinta, parti~ularly the desirable protelns. ia the hope of allevi• 

ating the iateraatlonal food shortage and improviag diet quality in 

general. Osborne and Madel (1917) reported that this demand has 

directed attention to a renewed interest in aoybeana which have long 

been conaumed to good advantage in the far laet, 

from the nutritional point of view, protein should not be differ• 

entiated as to ita animal •r vegetable origin• but according to tta 

biological value, follack (19S6) indicated that who .a diet waa 

calorically adequate. the rice protein, supplemented with naall amount 

of various vegetable proteins aad a minimal animal protein, could be 

autritionall7 sufficient for growth. Howe!£.!!• (1965) fouad •imilar 

results which showed that a diet entirely of cereal grain• could be 

adequate both for infants aad adults if the protein were of comparable 

quality to animal protein and if the diet eatiafied proteln and calorlc 

requirements. Han can Uve without •at or other antaal products, but 

he can not live without the eaaatial amino acids. 807bean, with its 

protei.Q endowmant, 1a one of the moat valuable foods 1n a vegetarian 

diet (Lager, 1945). 

When compared to other vegetable proteln s0t,t.rce1, soybeans contain 

a large amount of total protein as well a, a high proportion of 
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es1ential amiao acids. Soaq amiuo acids such as lyaine, threonine, 

and the sulfur-containing amino acid•• are deficient in rice (UIJ>A1 

1957). Soybean proteln theoretically would be expect•d to have a 

desirable eupplementary value to a rice diet because of its higher 

coateat of lysine. If a protein food of relatively high biological 

value could be obtained by combining rice and soybean. the problems of 

protein malnutrition and feeding an increasing world population might 

be partially relieved by using such a mixture. 

Conelderiag the above factors. the author designed an exper1-nt 

to a1certaia1 (l) the eutpl.-.ntary value of soybean to a rice diet, 

and (2) the moat efficient amount of soybeau to be added. 



CBAPTD II 

UVIIW C1I LITDATUU 

.Amlno Acid lugl~tation of foods 

Amino acid supplementation of foods qd fMd1 baa been practiced 

for a auai,er of 7ear1 wlth many beneficial reaulta. Th••• included 

the attaimaent of a better balanced diet. an ateneion or saving of 

the available protein supply, aad aa improvement in the efficiency of 

protein aad food utilization (Albaaese, 1959). Ia general• amino 

acid supplementation of food• must be not only effective and free from 

potential harm but also economical • 

.Amino acld auppl ... tatioo. of foods la based oa the re1ult1 of 

research on the nutritional quality of proteins and their constituent 

amino acids. Mucb of tti. pioneer work waa carried out by Osbol'1'8 aad 

Meadel 1a the late 1910••• they,studied the arowth•prCIIIOtiq qualities 

of isolated proteins and recogni~&d that the quantitie1 of certain amino 

acids were low in those protein foods which did aot support adequate 

growth of the aniaal. Conaequeatly, there ia a possibility of develop• 

ing aOUDd aad practical priaciple• for the aupplemaatatiOD of food• 

with speclfic aaino actd(s). As a general principle for amino acid 

supplemautat1on. the limiting essential amillo acid shovld be added 

in euch a proportion aa to meet the aeed1 of the organism. Over•all 

amla., acid balance, however. can be a.chiev•d only when the total amount 

of the so-called e1seatial amino acids in the food is la balance with 

the total amount of the nn••••ential amino acids. In many diet,, 
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especially those contai.nlng a crltieally low level of protein, the 

eupplemeatatlOll of a amlao acid cause• autritional lmbalance 

resulting iD an adverse phys1elog1ca1 response such as a reduced rate 

of growth. In order to apply the general principle of amine acid 

aupplemeutation, it is naceasar7 to kn.ow the amino acid composition 

ef the foed to be supplemented and that of the euppl--t. 

Th• available energy ta a d1et bas been recogaized to be of 

critical importance for the auccessful amf.ao acid supplemeutation of 

animal feeda. It baa long bea recopize4 that a protela can fulfill 

its nutritional value only if there 1• sufficient energy la the diet 

from the aoa•protela source• to satisfy the energy requirements. If, 

however. aufficient enera, is unavailable frOlll the 11en.•prot:eiD sources, 

the animal will have to u1e , ... of the protei.n 1a o~der to sati1fy 

its ener17 need. 

Suppl ... ntat19!! of a1e1 with Aalpo Acids 

Ia the past maay works have been conducted on iaproviag the 

protein value of rice by adding pure amino acid(s). Pecora and Hundley 

(1951) defined the most deficient arain• acids in rice as ly•ine, 

ht.stldine, •thiOlllu aad threonine. They also obaerved that a highly 

sigaificaat improvement of the biological value of rice protein was 

accompltabed by the supplementation of lysine and threoaiu. When 

rice was added with all the deficient eeseatlal •i•• acids stmulta• 

neously, growth was improved considerably more than with the supplement 

of lyalae and thre•ln• alone. Kilt's (1940) investigaticm demonstrated 

slmllar results: when whole rice or polished rice was suppleaented 
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wltb lysine, methionine and cystin•• it• protein valuea were improved 

to a significant extent. Another experiment had been carried out by 

Howe .!! .!!• (1965). · They concluded that amino acid supplementation 

involving lysine, tryptophan and threonine increased the quality of 

the protein of the staple cereals, including rice, to a comparable 

ataudard of milk proteia, casein. Further observation• of lecora and 

Bundley (1951) found that aupplementation with the most deficient 

essential amino acid• lyeine, did not improve the nutritional value 

of polished rice beyond that oi unsupplemented rice. Deshpande.!!.!!• 

(1955) inveetigatad i.ndepends;i::ly that an addition of 0.4t. of L•lysine 

to a rice diet caused growth retardation, which was prevented by 

increasing the levels of lysine, isoleucine, valiae and histidine. 

Supplementation of the rice diet with various combinatiens of amino 

acids from which one or more of ly1ine, isoleucine. valiae and 

histidine had been omitted, resulted in a r•tardatlcm of growth. It 

wae evldeat that the addltion of these four amino acids was aufficieat 

to ameliorate the amino acid imbalance caused by the mere addition of 

lyaine. It was suggested that the most practical way of improving 

the nutritive value of a rice diet would be by the supplementation 

with the proper cGmbtnation of amillo acids and/or with intact foods 

ccmtaining nutritionally well•balanced proteia,. 

Studies of the Nutritioaal Value of Soybean 

Protein Value of law Soybean 

In studies on the use of aoybean, Osborne and Mendel (1917) 

found that when raw soybean meal was used a. the eole source of 
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protein ia the diets. rats showed comparatively little growth. ~at•• 

aice, aad chicks showed poor growth when fed raw aoybean meals or 

soybeaa product• (Hayward.!£.!!• 1936aa Almquist and Kerrlt, 1952). 

Hayward.!!.!!• (1936a) noted that the poor growth reeulting from 

feedin& raw soybeans waa due to some uutrlent deficiency ia the diets 

rather than to a lack of palatability. In experiments with rats, 

Hayward .!! .!!• (1936a) reported that raw soybeau were found to coutaia 

aa insufficient amount of protein as measured by grama of growth per 

gram of protein coasumed. Alaquist !l .!l• (1942) and Sure (19SS) 

concluded that from the results of experiments with raw soybean, that 

the lack of available •thlentae was the chief growth•lialting factor. 

The impairment ia utiliaatlon of the protela derived from raw soybean 

meals waa due to an 1.nhibitioa of the rate of methionine liberation 

but not to a reduced amount of methioniae available (Melnick et al. --
1946). Booth .!l .!!• (1960) postulated that the decreased growth rate 

cauaed by feedbag raw soybean meal might be due to direct stimulation 

of the pancreas. This results in exceaatve lo•• of critical amino 

acids coa.tained ia paucreattc ea,-s excreted in fee••• 

Both Mitchell and Salta (1932) and Hayward and Hafner (1941) 

observed that the proteins of raw soybean are biologically deficient 

in available cyatiae aa well aa in methionine. 

Poor growth aad lower protein efflcleacy la rate fed raw aoyb4laa 

meals as a a.ala source of dietary preteia had also been investigated 

by Wilgus.!£.!!• (1936) 1 Booth.!£.!!• (1960) 1 and R.ackts (1965). I.aw 

aoybeaaa con.taiaed sulfur and a aitrogen•containlng cOl"..plex, but 
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appeared to show poor growth•praotiag activity. Johnson et al. --
(1939) stated that the sulfur aad a aitrogen-eoatainiag complex ia 

raw soybeans were absorbable but could aot be utilized fer tissue 

buildiq ualesa tbe raw soybean was treated properly. 

Saxeo .!!• (1962) observed tllat amiao acid mixtures varyiag 

frOlll 4 to 14 amino acids added to raw soybean meal diet•• failed to 

overcome completely the arowtb depreasiOl'l ln chicks. leverthel•••• 

it was possible to lmprove the proteia value of raw soybean by 

supplementing with synthetic amino acids. Many inveetlgators have 

tried to supplement raw soybean proteill with amino acid(s). Sure 

(19SS) cited that the addition. of o.si DL-methiontu to a diet coa.• 

taiaiag lOI protela derived from eoybeau meal re1ulted ill trebling of 

the body w•lgbt and la doubling of the protein efficiency ratio. 

Schultze (1950) alao found that rats fed purified rations containing 

241 protein in the pattern of a soybe• proteia preparation and an 

addititm. of DL-methionine •• the only source of •tao acids showed 

satisfactory weight gaiu. Ketbicmine corrected growth d•pression in 

the birds fed a raw soybean diet (Chermf.ck .!! .!!• 1948). Borchers 

(1959) and Booth .!S .!!• (1960) reported that raw aoybeu· meal supple• 

uated witb a aixture of tyrostae. methion1M 1 thr•oatae, and valiue 

lmproved poor growth aa well as food efficiacy when fed to rats. llaw 

soybeans suppl ... ted with cysti11e, one of the Umitillg amino acids, had 

a higher nutritive value tbaa unsuppl.,...ted aoybeaas (Hayward!!.!!• 

1936a). The fact that cyatiae ahaaced the proteia 41uality of the raw 

soybean indicated that cystlne existed in a form which was not avail• 

able or was not present 1a adequate amounte. 
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s-. investigations have been conducted la which 81'ltiblotics such 

as peniclllln or aureomycin were used to correct the poor growth of 

animals fed raw soybeans. Higher levels of antibiotics have reversed 

the growth retardation of raw soybean meal on rats. It is postulated 

that antlblotlca such as aureomycin IIUlJ act to prevet utllizatin or 

deatructloa of the growth•promotiag nutrients by inteetlaal mlcro-

orgaai••• Thia saves the original amount of these nutrients available 

for the rata (Lillklllllller et al. 1951). --
lnhlbitoq Factors in &aw SoJbtaa 

The growth•retarding effect of raw soybean meals Oil animals has 

ben known since the inveatigatioll of Osborne and Mendel in 1917. 

Many worker• (Hma JS.!!• 19451 Liener !! .!!• 1949J Liener, 1951; 

Westfall aad Hauge, 19481 Klose.!!.!!• 1946, lam and Standstedt, 1944J 

and Bowman, 1944) have ahowu that soybean was knfill to contain trypsin 

inhibitors and a substance which inhibited the powth•prOIIIOCin.g 

properties of protew. These lahlbltors were believed to be the 

chief cause• for the poor utilization of the protein of raw or inad• 

equately heated soybean. Ham aod Staadatedt (1944) substantiated that 

a factor causing growhh retardatioa in chick~ and a substance which 

greatly retarded the activity of trypsin could both be extracted from 

raw soybeaas with dilute acid at pl 4.2 (the isoelectric point of most 

soybeaa proteins). The aillilartty in properties of the growth• 

retarding factor and the proteolytic inhibitor indicated that the two 

a:1.gbt be ideu.tlcal. Ha .ll !!• (1945) performed an experiment with 

chicks fed unheated soybean meal mixed with either autoclaved soybean 
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meal or a nutritionally adequate protein from animal source. These 

authors demonstrated that there was a proteolytic Ulhibitiug substance 

preaent iu the raw soybean meal. Barnes .!! .!!• (1962) and Liener .!! .!!• 
(1949) suggested that growth depression of the animals was due to 

iuterfariug with the availability of methionine. It was also suggested 

that the absorption of nitrogen and methionine was poorer than that of 

properly heated eoybean. On the other hand, Deaikachar and De (1947) 

had studied the role of the p~oteolyt1c inhibitor in relation to the 

nutritive value of raw soybean. They had found that it was highly 

probable that its action was an autigrowth factor affecting the u1eful• 

nese of protein iD. general rather than as a factor in dlminhhing the 

degree of availability or rate of release of methionine. In aa experi• 

ment with young chicks fed varying proportions of raw to cooked soybean 

meals, Almquist and Merrit (1952) cited that antitrypain, a growth 

inhibitor in uncooked soybeans, inactivated trypsin but permitted the 

continued function of the remaining proteolytic system. These two 

theories were supported by the postulation (Liener .!! .!!• 1949) that 

the mode of action of the trypsin 1.nhib_itor with respect to growth 

might involve two mechanisma: one whLch i.uterfered with the avail-

ability of methionine for growth, the other which exerted a growth• 

depre,sing effect through a mechanism unrelated to the former. 

It was thought that there might be other toxic factors associated 

with growth•retardatiou in raw soybeans. Soyin• a substance isolated 

and purified from defatted soybean flour, was ascertained as a toxic 

protein, a hemagglutinating factor. Liener (1953) reported that soyin 
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fed at a level of 11 to a group of rats on a diet containing auto-

claved soybeau protein or caselu, inhibited growth 261 and 181 

respectively. C11ude trypsin wat not effective ill counteractlug 

i;rwtb inhibition. Callparable experilaents with raw soybean meal in 

the preNDce or abseace of crvde tryppin were conducted by Liener 

(1953). It was estimated that about half of the growth•iahibltiag 

effect of raw soybean meal waa due to its soyia contat and the 

remainder to ai1 effect which could be counteracted by crude trypaia. 

Growth impairment by aoyia was due to a decreaae in the quantity of 

food coa•umption. 

Desikachar .!S, .!!• (1956) iaveetigated the improvement of the 

protein value of rice with 151 raw soybean added. The fiad1D.g1 ahowed 

that the average rate of growth even ia auppl ... nted group• was far 

below that obtainable in aaimal1 fed a nutritionally adequte diet. 

Its value waa found to be lwer than that of rice to wbich autoclaved 

eoybeaa waa added. The expected eupplemeatary value of soybean could 

have been made unavailable or off•aet by the growth retarding 

proteolytic inhibitory factor• in the uatreated 1oybean meals. 

Improvement of aaw lozyean frotein bl Beatiag 

It had been well established that the autrltive value of soybeans 

could b• improved by heat treatmat (Ivans and HcGumia, 1946& B.ackla, 

1965l Jolulaori .!!! .!!• 1939). Hayward aad lafur (1941), Almquist.!!!.!!• 

(1942), and M.alaick .IS..!!• (1946) preaeted evidence that aa increa•• 

ia the growth•prQIIOtiag value of heated soybean was attributed to the 

general increase of the availab111ty of methic:mine, and lyaiae. 



• 17 -

Hayward and Hafner (1941) found that aut~laved soybean meal raised the 

general plane of nutrition by al10 increasing the availability of other 

ami~o acids. Theh might have been some minor limiting factors for 

growth 1n the unheated .aal even in the presence of adequate amount of 

supplemental methionine. Several reports (Ham.!!!!.• 194S; Melnick 

.!! .!!• 1946; l.iesen I.!_ al. 1946} showed that proper heat treatment 

ameliorated the release of essential amino acids by intestinal enzy-

matic hydrolysis of the soybean proteins. The evidence that heat treat• 

ment made cystine available had been presented by Hayward.!!,!!, (1936b). 

Some reaearcher1 (Klose et al. 1946& layward et al. 1936a) found that --- -----
increasiq the digestibility of the soybean protein by heating also 

contributed to the improvement of soybean 11Utrition.. 1'.loae .!! !!• 
(1946) fed chickssoybean oil meals which had been autoclaved at 

temperatures between 100° C to 1200 C for 30 m1nutes and found that 

the digestibility of these meal• was greater than that of the raw meals. 

It bas been reported also that heat treatment raises the biological 

value (Hayward et al. 1936a) aad the protein efficiency (Westfall and --
Hauge. 1948) of soybeans • .Aaother advantage of heat treatment might 

be 1ncreased palatability of the cooked meal, thereby inducing the 

rats to consume more of the food 1 with a resulting gaia in weight 

(Osborne and Mendel 1 1917). It was recognized that a trypsin inhibi• 

tor in raw soybean could be partially destroyed to a certain extent 

by moist-heat (laclds, 196.5), thereby enhancing the growth•promoting 

value of soybean (Hayward~.!!• 1936a), 
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Two different heat treatments. dry•h•at and motst•heat, have been 

applied to teaat th• aut,:11:ional value of soybe!'lla 1.llld aoybeaa products. 

Baaed on the report of fritz~.!!• (1947), tt ~•• stated that dry heat 

was not as daairable aa molst•he.1t. Thia (;Oir..c-id•d with Osborne and 

Mendel's (1917) finding that soybean meal heated in an electric oven at 

110° C for 4 hours failed to cause aay appreciable improvement in moat 

cases. When. however, the meal was mixed with suffic:1nt distilled 

water to make a thick mush and heated oa a ateam bath for 3 hour• and 

•~baequatly dried in a air current at soo C to 90° c, it produced 

growth at a n•rmal rate. Wilgus et al. (1936) coafirmed that the rela• --
tlve proteia efficiency of the solvent•proceased meal was good, It waa 

shown that the proper temperature for the retentioa of the highest 

1111tritive value was fom,.d to vary for differeat diets coataialag soy• 

be••• They also demonstrated that the highest protein efficiency was 

found when raw aoybean eample was subjected to a t-,erature of 140° C 

to 1so° C ia aa ex,-ller, or to a cookiaa temperature of 10s• C iu. the 

hydraulic proc•••• Soybean oil •al, an the other haad, gave the highest 

availability of methioniJul and cystlne or organic sulfur after auto-

claviag at 100° C to 120° C for 30 m:l.n1.1tes (Ivana aad McGfJ:ulia, 1946). 

Westfall aad Bau.a• (1948) suggested that autoclavil'lg at 108° C under 

lS pouad preaeure. for lS to 30 minutes produced a soybeaa flour of 

optimal protein efficiency for mtce. It ia apparent that the protein 

value of soybeaa is increased by motst•heat.. Oil the other hand• dry• 

heat treatment of soybean tends to deatroy the nutriats ccmtalaed 1a 
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PI.OCIDUU 

kgrlmelltal Design pt Diet 

aice flour<•> was used as the basal diet aad soybean alpha 

protein(b) wae u1ed aa the suppl...atary substance in all these 

experiments. The soybean alpha protein had beea heated e.t t-6° C 

for 30 minutes without aay other specific treatmeat to destroy 

trypsin 1ahibltors. Atlalysea prior to the experiment showed that 

rice flour aad soybean protein contained a.791 and 84.441 of protein. 

respectively. Test diets were prepared to cOCttain 81 protela. 

Aa.lmal1 recelviag vltamill•free casein(c) were tDcluded in the 

experiments as an aid la relative rates of growth. 

A protetD•free diet wa1 iacluded as a negative control. 

<•>11ce flourt Cbicago Dietetic Supply Bouse Inc., Chicago. 
Illinois. 

(b)Soybean alpha protein: Nutritional Bloch•icals Corporation, 
Cleveland 28, Ohio. 

(c)Vltamin•fru casein: lutrltional Bioch•lcals Corporatioa, 
Cleveland 28, Ohio. 
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The aource• of protein of the teat diets were: (Value• in 

pareatbeses indicate ratios of rice protein to alpha protein. Th••• 
value• will be used in all aubaequeat discussion of th• diet•)· 

Diet 1: Protein•free diet 

Diet 2: 81 caHin 

Diet 3.: 81 soybean alpha protein (0:8) 

Diet 4_; si rice flour (810) 

Diet .S:Z 7T. rice flour and 11 soybean alpha protein (7:1) 

Diet 6: 61 rice flour aad 21 soybean alpha protein (6t2) 

Diet 7: 41 rice flour and 41 soybean alpha protela (4t4) 

Diet 81 21 rlce flour aad 61 seybeaa alpha protein (2s6) 

Diet 9s 11 rlee flour aad 71 soybean alpha protein (lt7) 

fl\e lagth of the feeding period 1a all growth experiments was 28 

days. The first 7 day• wa1 used as a nitrogen balance period. The 

compoaltion of the diets, the vitamin mixture, and the salt mixture 

•ployed ill the experf..Mats are Uated in Table• 1, 2, and 3 reapec• 

tlvely_. 

lxe,rtmental Al\imala 

Seveaty•two weanling male lprague•Dawley rata<a) weighlag from 28 

to 49 grams were raa.d•ly assigned into 9 groups with 8 rats in each 

croup. They were houaed individually in metabolic caa•• for 7 day•• 

then ill ••h wire•bottom cage• for another 21 days. Dl4tt1 and water 

were provided fill 11b1tum. The aaf.aal room was kept at 22° C and 

relative humidity of SOI throughout the experiment. 

(•)Dublin Laboratory Antmala. Dublin• Virginia 
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tABLE 1 

Composition of Diets in Percentage 

Protei.n Corn(a) 
Diet Rice Alpha Casein starch 

flour protein 

l 93.0 

2 8.4 84.6 

3 9.5 83.5 

4 91.0 2.0 

5 79.7 1.2 12. l 

6 68.3 2 .4 - 22.3 

7 45.5 4.7 42.6 

8 22.8 7.1 63.l 

9 11.4 8.3 73.3 

(a) Hillco brand corn starch 

(b) Mazola pure corn oil 

(c) Vitamin mixture: see Table 2 

(d) Salt mixture: see Table 3 

Corn(b) Vitamin(c) 
oil mixture 

2 l 

2 1 

2. l 

2 l 

2 1 

2 l 

2 l 

2. l 

2 1 

Salt(d) Total 
mixture percentage 

4 100 

4 100 

4 100 

4 100 

4 100 

4 100 

4 100 

4 100 

4 100 



- 22 -

TABLE 2 

Cor,position of Vitamin Mixture<a) 

Vitamin 

Vitamin A concentrate<c) 

Vitamin D concentrate(d) 

Alpha tocopherol 

Ascorbic acid 

Inositol 

Choline chloride 

Riboflavin 

Menadione 

P-aminobenzoic acid 

Niacin 

Pyridoxine hydrochloride 

Thiamine hydrochloride 

Calcium pantothenate 

Bioti11 

Folic acid 

Vitamin B12 

Amount of vitamin 
in 1 gm. 

vitamin mixture(b) 
(mg) 

4.50 

0.25 

5.00 

45.00 

s.oo 
75.00 

1.00 

2.2s 

s.oo 
4.50 

1.00 

1.00 

2.00 

0.02 

0.09 

0.0014 

(a) Vitamin Diet Fortification Mixture, Nutritional Biochemical 
Corporation, Cleveland 28, Ohio 
(b) 

(c) 

Equivalent to amount added to 100 gm. of the diets 

200 I.U. per mg 

(d) 400 1.u. per mg 
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TABLI 3 

Composition of Salt Mlxture<a) 

Salt Mob Grams llement Amount of element 
ln 4 gm. of 

Salt mixture b) 

NaCl s 292.S Na 0.206 

KH2P04 6 816.6 Cl 0.319 

MgS04 l 120.3 K 0.421 

CaC03 8 800.8 p 0.334 

PeS04•1H20 0.2 56.6 Mg 0.043 

KI 0.01 l.66 Ca 0.567 

MnS04•2H20 o.os 9.35 ,. 0.020 

ZnCl2 0.004 o.5452 I 0.00228 

CuS04•SH:z() 0.004 0.9988 Mn 0.00494 

CoCl2•6H20 0.0002 0,0476 Zn 0.00047 

Cu 0.00046 

Co 0.00002 

(a)Jones and roster Salt mixture. J. Nutr., 24:245 (1942) 

(b)Equivalent to amount added to 100 gm of the diets 
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Sample Coll•ction and Recorded Data 

The aniaals were weighed at the beglnning of the experiment. 

then at approximately the same bour every 3 or 4 da:,1 dur1ng the 

expulment. Spilled or left•ovar food was weighed aad dhcarded. 

The amount of food consumed was determined every other day by sub• 

tracting the spilled and uneaten food from th• amount of food provided. 

Total nt~rogen intakes were calculated oa the baai• of actual food 

conaumpt lon. 

Bitroaea balaace studies were cenducted durf.ag the firat 7 da71. 

Daily 24•hour urine specimens were collected in teat tubes (150 x 12.5 

nm) contalntag 3 ml of 2<>1 hydrochloric acid for each rat. The dally 

urine collectioua were peoled for each rat and stored la polyathyleue 

bottles la a freezer. At the ad of the 7•day collection period 1 the 

meahes and fuauls of the •tabollc caa•• wre riaaed with 281 

hydrochloric acid and warm distilled water. The waahillg• were added 

iato the collection bottles. lach collected u.riu sample was mixed 

hcaogeneously in a Waring Blender and made to a voll&8 of 100 al with 

distilled water. The feces were collected in wide mouth bottle• 

cont?.illiP5 15 •1 of 201 hydrochloric acid. Daily feces were atored 

u.ader refrigeration for the 7•day collectl:Oll period. After the 

collection period, the fee•• were mixed f.n the same way as urlue 

sample• to make homogeneous spec imaa•. Aliquot• of the bomogeneoua 

urine and fecal samples were taken for nitrogen aaaly•••• 
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Biochemical Analysis 

The micro•Kjeldahl method (AOAC, 1960a) was u1ed to analyze the 

nitrogen contents of diet•• urine and fecal specimens. 

The fat And moisture content• of the rat carcaa,es were deter• 

mined after killing tba rats with chloroform. Incisions were made 

into the skull, abdomea, and body cavity befor• drying to a constant 

weight ia a convection oven at lOS° C for 48 hours. The dry carcasses 

were tben gro\llld into fine particles. lther extraction (AOAC, 196Ob) 

by the Goldflsch fat extractor wa1 used for the determination of 

carcass fat. 

Calculation. rormlae for lvaluation of Protein 9!ality 

ProtelD efficiency ratio (PD), nitrogen balance (NI), biological 

value (BV), digestibility, and net protein utilization (DU) were 

computed by usiag the following formulae: 

1. pa • Gra11 of bgsy weipt &•in 
Gram of protea intake 

2. n • litrogen intake• Fecal nitrogen• Urinary nitrogen 

3. 

4. 

BV (I)• letained nitropn x 100 
Absorbed nitrogen 

: II • (Flf - Ml'N) • f'JH · PD x 100 
JU .. (fll • Mn 

Digestibility (i) • Absorbed nitrogen x 100 
Nitrogen intake 

- NI - ... Mn) X 100 



- 26 • 

5 UV (I) • l.etalaed n1tro.up l00 
• Mitroan intake x 

.; lfl - en - MR) - (UN. •2 X 100 NI 

Where II 1s ultrogan intake; n, fecal nitrogea; Mrll, metabolic 

fecal aitrogen; UN, urinary 11itrogea1 IN, endogenous urtnary nitrogen. 
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CHAnlB. IV 

USULTS AHi) DISCUSSION 

Growth late and f,:-otein lfficieacy latio 

The data on the body weight gains. food con1umptiona 1 protein 

intakes of the rats and protein efficiency ratio of the diets through• 

out a period of 28 days are given in Table 4. B.ata consum:l.ng the 

caaeia diet (Group 2) ate more food and grew faster than. any other 

group. late consuming either 6l of rice flour and 2l of alpha protein 

(612) or 41 of rice flour and 4l of alpha protein (4t4) gained more 

weight than any of the other groups receiving the rice•aoybean 

mixture•• There was no significant difference in food consumption 

between Groups 4 and 6, or Groups 4 and 7, (Table .5) indicating that 

the greater body gains of the animals in Groupe 6 and 7 were not due 

to the higher food intaq. llats conswni.ng n of rice flour and 11 of 

alpha protein (7:1) did not show better growth than those ingesting 

rice flour as the sole source of protein. The rats fed Bl alpha 

protein diet (0:8) gained very little weight during the 28-day 

experiment. The mean weight gain of the rats was 2.62 grams. Diet 8 

(2:6) and Diet 9 (1:7). containing the lower level of rice flour 

protein but the higher conceatraticm. of alpha protein• gave an inferior 

growth re•ponse than the unsvpplementated rice diet (8:0). Animals in 

Group 6 (6:2) and Group 7 (4:4) yielded approximately two-thirds of the 

growth as obtained by animals fed a casein diet. i.e. Group 2 versus 

Groups 6 and 7 (Figure l). Food consumption of all animals fed the 



Group Diet 
·No. No. 

l 1 

2 2 

3 3 

4 4 

s 5 

6 6 

7 7 

8 8 

9 9 

TABLI 4 

Body Weight Gain, Food Consumption, Protein Intake and Protein Efficiency Ratio 

of Growing Rats Fed Rice and/or Alpha-Protein for a Period of 28 Days 

Diet No. Body weight gain Food conaumption Protein intake 
composition of rat (gm) (gm) (gm) 

protein free diet 8 - 7.62 t 2.33(a) 66.12 t 5.30 0.27 t 0.02 

8% casein 8 49.88 t 1S.35 188.88 t 4S.26 15.26 i: 3.6S 

8% alpha protein 8 2.62 t 2.33 99.7S t 7.44 7.87 t o.ss 

8% rice protein 7 25.57 t 8.46 158.00 t 36.56 12.6S t 2.19 

17. rice protein 8 + 3.70 + + 
1% alpha protein 2S.38 - 156.62 • 19.64 11.80 • 1.47 

6-Z rice protein 8 33.SO t S.78 18S.88 t 20.80 14.49 t 1.62 2% alpha protein 

4% rice protein 8 + + 13.36 t 3.So 4% alpha protein 33.25 • 14.31 173.88 - 4S.50 

2% rice protein 8 16.00 t 4.98 125.12 t 20. 92 9.39 t 1.57 6% alpha protein 

1% rice protein 8 7.38 t 3.02 11S.25 t 7.74 8.86 t 5.95 7% alpha protein 

(a)Mean t standard deviation 

PBR 

3.23 i' 0.24 

0.32 t 0.26 

1.97 t 0.32 
N 
Cl) 

+ 2.1s - 0.1s 

2.30 t 0.14 

2.40 t 0.42 

1.67 t 0.32 

o.s1 t 0.29 



TABLI 5 

"T"(a) Values between GrOllps of Growiag llata fer Body Weight Gain. Food Con8umptioas 

Proteia Intakes Protein &fficieracy llatl-0 for a Period ef 28 Days 

Group 6(e) 
(6:2) 

Group 3 (0:8)(b) versus<c) Group 4 (8:0~ veraus(d) versus Item Croup 5 Group 6 Greup 7 Group 8 Group 9 Group S Group 6 Group 7 Group 8 Group 9 Group 7 
(7:1) (6:2) (4:4) (2:6) (1:7) (7:1) (6:2) (4:4) (2:6) (1:7) (4:4) 

BodJ weight gain 

Food cona1aptioll 

Protein iatake 

-13. 77 -13. 11 - 5.59 -6.43 -3.30 0.06 -2.16 
(S)(f) (S) (S) (S) (S) {)l.s.)(g) (S) 

-1.16 2.s2 

- 7.16 -10.29 - 4.25 -3.02 •3.82 0.09 
(S) (S) (S) (S) (S) (B.S.) 

- 6.54 -10.12 • 4.10 -2.39 -3.12 0.83 
(S) (S) (S) (S) ($) <•.S.) 

-16.64 -19.80 -11.56 -9.00 -3.50 -1.38 
(S) (S) (S) (S) (S) (11.S.) 

(B.S.) (S) 

-1.71 -0.69 2.02 
(11.S.) (11.S.) (S.S.) 

1.72 0.43 3.12 
(11.S.) (11.S.) (S) 

-2.75 
(S) 

-2.26 1.88 
(I) (S.S.) 

5.29 
(S) 

3.00 
(S) 

4.38 
(S) 

7.13 
(S) 

(a)calculated according to C. G. Paradlne and B. B. P. B.ivett. (1962) Statistical Methods for Tecluaologlst 
The Bnglio Univereit:, Presa Ltd •• London. 11. &. 

(b)values 1a pareatheaea indicate ratio of rice protein to alpha proteia. 

0.04 
(11.S.) 

0.63 <• .s.) 
0.77 

(11.S.) 

-0.62 
(1'.S.) 

(c),(e)with degree of freedom of 14. Only those "T" values greater than +2.14 or le•• thn •2.14 (p< 0.05) are 
eonaidered iadicatioas of slgaificaat difference. 

(d)with degree of freedam of 13. Ollly those "T" values greater than +2.16 or less tllaa -2.16 (p<.0.05) are 
coasidered indications of significant difference. 

(f).(g)s awl )I. s. 111 parentheses indicates significaat difference, and non-significant difference respectively. 
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FIGURE 1. Body Weight Gain of Growing Rats 
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mixed diets was statistically higher than the corresponding intake 

of animals fed Diet 3 (0:8} (Table 5). Consequently, the total 

protein 11\takes of the mixed diets were also higher. 

The protein efficiency ratios (PD) of the experimental diets S, 

6, 7, s. aad 9 were also greater than that of Diet 3 (Table 4). When 

compared with Diet 4, Diets 6 and 7 showed a superior quality of the 

mixed proteins. Statistical differeace in flll values betweu Diet 4 and 

6. and between Diets 4 aad 7 were obaerved. 

Nitrogen Balance St~dies 

Nitrogen balqce studies were conducted throughout the first 7 

days of the experiment in order to evaluate the protein quality of the 

rlce•alpha proteil\ mixtures. The reeults measured by various methods 

are preHnted in Table 6. All animals except the noa•proteln group 

maintailaed a positive nitrogen balance (Table 6). The highest nitrogen 

balance values were obtained from the animals in Groups 6 and 7 which 

averaged 365 mg and 364 mg of aitrogea per 7 days, respectively. 

The•• two diets contributed greater amowts of dietary nitrogen for 

their growth and mainteaance requirements, therefore. the rats were 

heavier than other exper~mei'ltal groups (Table 4). The highest values of 

biological value (BV) and net protein utilization (lCPU) were fouad in 

Diets 6 acid 7 (Table 6). Diet 6 yielded a BV of 80 and a NPU of 68, 

whereas Diet 7 yielded a BV of 81 and a DU of 70. The digestibilities 

of the diets showed no significant differences among the groups except 

Group 4 vs. Group 6 (Table 7)) 



Croup Diet 
Ro. Bo. 

l l 

2 2 

3 3 

4 4 

5 s 

6 6 

7 7 

8 8 

9 9 

Hitrogea Balance. Digestibility. Biological Value. Ket Protein Utilization of 

Growi.Dg aats for a Period of 7 Days 

Diet Bo. Bitrogea Digestibility Biologl~al Value 
ccapositioa of rat Balance (mg) (I) (I) 

aoa-protein diet 8 - 52.11 t 9.23(a) --- ---
81 casein 8 J61.2st 74.ls 92.53 t 3.99 89.35 t 3.69 

81 alpha protein 8 188.75 t lS.63 90.95 t 4.42 65.24 i' 9.12 

87. rice protein 8 305.00 t 32.Sl 90.S9 t 1.96 72.67 t 7.78 

71 rice protein 8 277 .so t 86.48 87.21 t 3.62 74.04 i' 6.77 11 alpha protein 

61 rice protein 8 + + + 4.49 21 alpha protein 365.00 - 38.17 86.10 - 2.18 80.38 -

41 rice protein 8 363. 75 t 76. 71 88. 74 t 3.05 81.39 t 3.69 41 alpha protein 

21 rice protein 8 220.00 t 60.94 88.06 t 3.36 70,68 'f:"! s.11 61 alpha protein 

11 rice protein 8 220.00 t 88.16 90.86 t 2.14 65.88 t 13.55 71 alpha protein 

(a.>Meaa * standard deviation 

Net protein 
Utilization (I) 

---
79. 73 t 4.77 

5S.BS t 8.33 w 
N 

63.31 t 7.11 

61.70 t 7.18 

+ 68.32 - 3.61 

69.69 t 4.10 

59.05 t 6.99 

57.07 t 12.77 



Item 

Mitrogea Balance 

l>igestlbility 

Biological value 

Net protein 
utlliaatloa 

TABI& 7 

"T"(a) Values between Groupe of Growing 1.ata fer •ttrogen Balaace. D1ge•tibilit:,. 

Biological Value. llet Protela Utilization for a Period of 7 Daya 

Group 3 ~0:82(b) versua<c) Grou! 4 !8:0} versus(d) 
Group S Group 6 Group 7 Group 8 Group 9 Group S Group 6 Group 7 Group 8 

(7:1) (6:2) (4:4) (2:6) (1:7) (7:1) (6:2) (4:4) (2:6) 

--2.44 -8.93 •S.47 -1.17 -0.87 0.79 -3.17 -1.87 3.26 
(S)(f) (11.s.)<&> (JI.S.) (S) (S) (S) (11.S.) (N.S.) (S) 

0.93 1.39 0.66 0.74 -0.03 -0.31 2.34 1.00 l.OS 
(R.S.) (ll.S.) (R.S.) (B.S.) (B.S.) (11.S.) (S) (B.S.) (11.S.) 

-1.10 --2.16 -2.32 -0.74 -0.55 -0.19 -1.21 -1.43 0.30 
(11.S.) (S) (S) ::(N.S.) (1'.s.) (R.S.) (1'.S.) (S.S.) (R.S.) 

-1.41 -3.63 -3.94 -0.18 -0.22 0.40 -1.70 -2.09 1.10 
(B.S.) (S) (I) ()1.S.) (JI.S.) (JI.S.) (I.S.) (R.S.) (M.S.) 

Group 9 
(1:7) 

2.40 
(S) 

-0.13 
(11.S.) 

0.61 
(R.S.) 

1.11 
(ll.S.) 

(a>catculated according to c. C.. Paradine and B. B. P. l.ivett. (1962) Stathtical Methods for Techaologiat. 
The Bngliah University Press Ltd. London, 11. z. 

(b)values in parentheses indicate ratio of rice protein to alpha protein. 

Group 6(e) 
(6:2) 

versus 
Group 7 

(4:4) 

0.04 
(ll.S.) 

-1.33 
(R.S.) 

-0.25 
(B.S.) 

-0.66 
(ll.S.) 

(e).(d),(e)w1th degree of freedm of 14. Oaly these "T" values greater than +2.14 or less thaa -2.14 (p< O.OS) are 
ceasidered indications of significant difference. 

(f),(g)s and R. s. in parentheses indicates significant difference. aad neo-sipificant di£~~ren~e respectively. 

w w 
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Moisture and rat Content of thf 

The examination of the body composition 11 important in the 

determination of protein ~uality because various groups of animals 

fed different type,of protelas may have identical weight gains but 

have considerably different body compositions (Alban•••• 1959). The 

analyses of the carcaeee1 for water ae well as fat were accomplished 

in this study to observe whether an increaae in body weight was a 

definite index of physiological growth. llesults of moisture aad 

fat analyses are presented in Table 8. Significant differences in 

both fat and water contents were fouad between Group 3 and Groups 6 

and 1. respectively. On the other band. such difference• were not 

found between Group 4 and Group 6i Group 4 and Group 7 (Table 9). 

Th• greater increase in body weight of the rats in Group 6 and 

Group 7 waa not due to a change in water or fat conta.t. Ae a general 

rule, if the protein content of a diet is at a suboptimal level or if 

the essential amino acids of the protein are imbalanced, the water, 

nitrogeu, ad fat coac•tratioas of the body will be differeat from 

the normal values (Albanese, 1959). It has also been reported that 

the water and fat contents of the body are inversely correlated. If 

these characteristics existed in this expeTiment, the relatively 

higher moisture content and lower fat parentage determined in 

Groups 1, 3, and 9 would have bee attributed to the ,-or protein 

•uality of these diets (Table 8). 



TABLE 8 

Moisture and Fat Contents of the Carcasses of Growing 1.ats for a Period of 28 Days 

Group Diet Diet Bo. of Mean Body Mean moisture Mean fat 
No. Ho. composition rat weight (gm) content (1) content (-Z.) 

l l protein free diet 8 2S.75 71.15 t 1.2o(a) 2.97 ± 0.98 

2 2 8-Z. casein d 89.00 62.25 ± 4.02 14.26±4.16 

3 3 8-Z. alpha protein 8 41.25 + 67 .S6 - 1.09 7.11 t 1.28 
w 

64.29 t 2.66 14.32 t :.-:.80 
u, 

4 4 81 rice protein 7 70.43 

s 5 n. rice protein 8 66.25 64.49 ± 1.29 13.98 ± l.66 11 alpha protein 

6 6 6%. rice protein 8 76.00 62. 73 ± 1.64 16.36 t 1.84 21 alpha protein 

7 7 47. rice protein b 74.12 + 13.28 ± 2.98 41 alpha protein 64.67 - 2.34 

8 8 21 rice protein 8 52.38 65.83 t 2.63 11.66 t 3.64 61 alpha protein 

9 9 11 rice protein 8 46.75 67 .56 -t 1.56 9.26 i 1. 73 71 alpha protein 

(a)Mean !' standard deviation 



TA.Bl& 9 

"T"(a) Values between Groups of Growillg Rats for Moisture and l"at Contents of 

the Carcasses for a Period of 28 Daya 

Group 6(e) 

Item ,o:s2(b) versus<c) Grou2 4 !8:0} versus(d) 
(6:2) 

Groue 3 versus 
Group 5 Group 6 Group 7 Group 8 Group 9 Group 5 Group 6 Group 7 Group 8 Group 9 Group 7 

(7:1) (6:2) (4:4) (2:6) (lt7) (7ll) (6:2) (4:4) (2:6) (1:7) (4t4) 

Moisture content 4.80 6.48 2.96 1.60 -0.01 -0.18 1.29 -0.28 -1.os -2.74 -1.80 
(S)(f) (S) (I) (R.s.)(&) ()1.S.) (B •. S.) (ll.S.) (11.S.) (ll.S.) (S) (B.S.) 

Fat content -8.68 •10.9.S -S.03 •3.12 -2.64 0.21 -1.57 0.65 1.46 3.97 2.33 
(S) (S) (S) (S) (S) (».S.) (11.S.) (JI.S.) (B.S.) (S) (S) 

(a)calculated accorcliag to C. G. Paradiae and B. B. P. l.ivett. (1962) Statistical Metheda fer Technologist. 
The Knglish University Press Ltd. Lendon• ll. I. 

(b)Valuea in parentheses indicate ratio of rice protein to alpha protein. 
(c) • <•>with degree of freedom of 14. Only those "T" values greater than +2.14 or leas thaa -2.14 (p-' 0.005) are 

cODsidered iadicatioaa of sipificaat difference. 

(d)With degree of freedem of 13. Oaly these "T" values greater thaa +2.16 or less tbaa -2.16 (p<. 0.05) are 
considered illdicatioas of eipificant difference. 

(f) ,(g)s aad 11. S. ia pareatheses iadicates aigaificaat differeace, aad noa.-aigaificaat difference respectively. 

I w 
0\ 

I 
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Th••• result• may be interpreted to iadicate that alpha protein 

has a 1uppltllll81ltal value to rice protein when added at levels not 

exceediag 501 of the total proteill. Bowevel' • it has an inhibitory 

effect rather tbaa a auppl....at at levels greater than 501 of protein. 

One possible explaution would be that the. alpha proteln contained 

tr7pai11 or other growth inhibitors which depressed growth rate at 

higher levels of intake. lupportina this auggeation might be the 

fact that the beat treatmeDt of alpha protein at 66°c for 30 mbwtea 

•• reported b7 the aaaufacturer removed only part but not all of the 

growth inhibitera. 

Lower digeetlbilitiee of the diete coatalning .501 or more alpha 

protein were not observed, therefore, eoma other explanation may be 

more logical. Amino acid compoaitioa of the diets are presented in 

Table 10. When the amino acids are expressed aa a perceatage of the 

Rational l.eaearch Council'• l.ec011111ended Allowance• for the Growlug 

I.at (Warner, 1962), aa shown in Table 11, lysine is the moat deficient 

amino acid in rice, aulfur•containing amino acids are the moat deficient 

in alpha protein, alld lyaiu 1a bipest in alpha protein. The supple-

•ntal effect of alpha protein at low levels is probably due to the 

lysine auppl ... ntatlon to the rice diets. At higher levels of alpha 

protein. sulfur ... containillg •iao acids become the most limiting •ino 

acid aad arowth inhibition occur,. When the amine acid• are expreaeed 

as a percentage of caaeln., the most limitiaa amino acid• follow the 

same pattern.. 



TABLE 10 

Amino Acid Composition of the Test Diets 

(Gram Amino Acid/ 100 Gram Diet) 

Diet 
Gm A.A. per(c) Amino 4 s 6 7 8 9 j 

Acid (8:0)(a) (7:1) (6:2) (4:4) (2:6) (1:7) (0:8) N&C(b) 8 Ga Casein 

Trytophan o.09(d) 0.09 0.09 0.08 0.08 0.08 o.os<•> 0.15 0.10 
Threonine 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.50 0.34 

Isoleucine 0.38 0.39 0.41 0.45 0.48 0.51 O.S2 o.so 0.53 
Leuef.ne 0.69 0.68 0.67 0.64 0.62 0.61 0.60 0.80 0.81 
Lysiae 0.31 0.34 0.37 0.43 0.49 0.52 0.54 0.90 0.65 
Total sulfur 
containing I w 
amiao acids 0.26 0.24 0.22 0.19 0.17 0.14 0.13 0.60 0.28 CX) 

I 

Pheaylalaniae 
(i.acludiag 
tyrosine) 0.77 0.75 0.75 0.72 0.69 0.69 0.67 0.90 0.89 

Valine o.s6 o.s.s o.s3 0.50 0.47 0.46 o.44 0.70 O.S9 
Arginine 0.46 o.49 0,52 o.S6 0.62 o.64 0.66 0.20 0.33 
Histidine 0.14 0.15 0.15 0.17 0.19 0.20 0.21 0.30 0.24 

(a)values in parentheses indicate ratio of rice protein to alpha protein. 
(b)l.ichard G. Waraer. Rutrient l.eguiremeots ef Laboratorz Animals. lllaticmal Academy of Scieace•Bational Research 

Council. Pub. Ro. 990. 1962. 
(c),(d)Ami.ao Acid Content of Foods. Borne Economics &esearch Report. Bo. 4 9 USDA 19S7. 
<•>:Based on the analyses supplied by the Nutritional lUochemicals Corporation. Cleveland 28 9 Ohio. 



TABtl 11 

Amiao Acids in the Diets lxpressed as .t. Percentage of the ltatioaal Research Council• s 

l.ecammended Allowances for the Growing I.at 

D1et 
Amino 4 5 6 7 8 9 
Acid (8:0)(a) (7:1) (6:2) (4:4) (2:6) (1:7) 

TryptophaD 60.00 60.00 60.00 53.34 S3.34 53.34 
Threonine 62.00 62.00 62.00 62.00 62.00 62.00 
Isoleucine 76.00 78.00 82.00 90.00 96.00 102.00 
Leucille 86.25 85.00 83.7S 80.00 77.SO 76.25 
Lysine 34.44(b) 37. 77 41.11 47. 77 54.44 57.77 

Total sulfur -
eontainiug 
amino acids 43.34 40.01 36.67 31.67 28.34 23.34 
Pbeaylalanine 
(includiag 
'tyrosine) 85.55 83.32 83.32 79.99 76,66 76.66 
Valine 79.97 78.54 75.68 71.40 67.12 65.69 
Arg1nine 230.00 245.00 260.00 280.00 310.00 320.00 
Histidine 46.66 50.00 50.00 56.66 63.33 66.66 

(a)values in parentheses indicate ratio of rice protein to alpha protein. 

3 
(0:8) 

53.34 
62.00 

104.00 
7S.OO 
59.99 

21.67 

74,43 
62.83 

330.00 
70.00 

(b)Underliaed values are calculated to be the most limiting amino acids based on the Butrient ae~uiremeu.ts of 
Laboratory Animals. National Academy of Science-National R.esearcb Council. Pub. Ko. 990, 19 2. 

v) 

'° 



In erder to determine if the level of methionine and/or the 

presence of a beat labile inhibitor(s) were factors contributing to 

the observed results. a further study is suggeeted in which the 

followiq experimental diets be used: 81 alpha protein; 81 alpha 

protein+ methionine; 81 re-heated alpha protein; Bi re-heated alpha 

proteia + methionine. The heat treatment should be that described 

by Westfall and Hauge (1948) to give optimal result. If trypsin 

inhibitors were partially responsible for tne poor growth of rats fed 

the alpha protein. the heat•treated alpha protein ehould produce 

greater growth than the untreated alpha protein. However. if the 

problem 11 entirely due to a deficiency of aulfur•containlng amino 

acide, the growth response to •~pplemental ~th~onine ehould be 

large and similar for rats fed either the untreated ~, treated alpha 

protein. 
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CHAPTll V 

SUMMAllY .ANJ) CONCLUSION 

Summary 

(l) Tbe value of soybean alpha protein for •upplemanting rice 

flour was 1nveat1gated by determining growth rate, protein efficiency 

ratio, nitrogen balance, biological value. digestibility, and net 

protein utilization of various test diets fed to weanling male Sprague-

Dawley ratR. The teet di•ts w~re preparttd by mixing rice flour with 

soybean alpha protein in the following ratios to supply 81 protein: 

8:0; 7:1; 6t2; 4:4; 216; 1:7; 0:8. In addition, a diet containing 

81 protein from casein and a non-protein diet were used as controls. 

The length of the feeding period in all the growth experiments was 28 

day1 aad the fir1t 7 days wae taken as nitrogen balance period. The 

teat diets, fecal aad urine sample• W4lre analyzed for nitrogtn. The 

fat and moisture contents of the carcasses were determined. 

(2) The highest values of growth rate, protein efficiency 

ratio, nitrogen balance, biological value and net prot•in utilization 

were found in Diet 6 (6:2) and Diet 7 (4t4). 

(3) Diet 6 (6t2) and Diet 7 (4:4) yielded approximately two-

thirds of the growth~• was obtained by a caseia diet (Diet 2). 

(4) Statistically significant difference in protein efficiency 

ratios waa obaerved between Diet 3 (0:8) and Diet 6 (6:2); Diet 3 

(0:8) and Diet 7 (4:4), Diet 4 (8:0) and Diet 6 (6:2)l and Diet 4 
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(8:0) and Dlet 7 (4:4). Statistically slp.iflcaat difference of 

body gain was found only betwNn the aaimals in Groups 4 (8:0) and 

6 (6:2) but aot between Groupa 4 (810) and 7 (4:4). 

(5) The aiguificant dlffer•c•• of both fat and moisture 

content• of the rat careas••• were not fOUlld •1ther between Groups 4 

(811) and 6 (6:2), or Croups 4 (810) aad 7 (4a4). 

(6) 8 (2:6) a.ad 9 (1:7) eOQtaiaing a lower level rice 

flour but a higher content of alpha protef.a gave an inferior growth 

response aa compared to the unauppl•ented rice diet (8t0). 

(7) Compared witb the all-alpha protein diet (0:8). all other 

mixed diet• enhanced weight gain with atatiltically slguificant 

differ.-.c•• ill food cona-,U.oa, and consequently protein intake 

between grovpa. 

(8) No atatiatically aignificaat difference• •re noted between 

Diet 6 (6:2) and Diet 7 (4:4) ta growth rate. protein efficiency 

ratio, nitrogen balance. biological value, net protein utilizatiou, 

food c0Ra1anptloa and proteia intake. 

(9) When the amino acid• are expre11ed ae a percentage of the 

Rational l.eeeareh Couacil • s l.ecommended Allowances for the Growing 

&at, lyalae i• tbe moat deficient amino acid ia ric•• sulfu.r•coataining 

amino acids are the moat daft.cf.eat in alpha proteln, and lysine ie 

h1ah••t la alpha protein. 
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Conc.lusion 

In tbls 1tudy, both Diet• 6 and 7 showed the beat quality of the 

protalna among ttul flye ml:qd rice-alpha Fl'Otela dU.t!. Growth rate, 

PR, BV, and DU t11erea1ed wtth iacraa.1ing propertioua of alpha 

protein to a rice alpha protein ratio of 6:2 (Diet 6). A decrease 

followed from a ratio of 4:4 (Diet 7) or greater. The level• of 

6:2 to 4:4 may be tbe ratios of which rice qd alpha protein have the 

greatest camplementary effect. 

However, there are ao atatiatical17 aipifican.t differences 

between Diets 6 (6:2) and 7 (4:4) in growth rate. proteia efficincy 

ratio, nitrogen balance, biological value, net proteia utillzatlon, 

food consumption and protetn intake. From a nutrltioaal viewpoint 

Diet 6 (6:2) and Diet 7 (4:4) are aimilar, but Diet 6 would probably 

be the best combination to recouaead because from an economic view• 

point, auch a diet, having leas protein, would be leas expeneive. 

Moreover Diet 6 Ncauae of its higher rice content, would uudoubtedly 

be 1181'8 acceptable to populations in which rice 11 the major dietary 

staple. 

A further study h needed to determine if the methioalne content 

and/or the presence of a beat labile iahlbitor(s) are raapoaalble for 

the poor respoaae to supplements of alpha protein. 
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SUPPLIMDTAL VALUB 01 SOYBEAN PROTBIN TO RICI AS 

MIASURID BY Glt<Ym RAT! OF RATS 

by 

Yu-yan Yeh 

ABSTRACT 

Weanling male Sprague-Dawley rats were randomly assigned to 9 

groups of 8 animals each and were given diets containing 8 per cent 

protein supplied from rice flour and soybean protein in the following 

ratios: 8:0; 7:1; 6:2; 4:4; 2:6; l:7 and 0:8. A diet containing 8 

per cent protein from casein and a non-protein diet served as controls. 

The supplementary value of soybean protein to rice flour was evaluated 

during a 28•day growth period and a 7•day nitrogen balance study. 

Growth rate. protein efficiency ratio, nitrogen balance, biologi• 

cal value and net protein utilization increased with increasing amounts 

of soybean protein in a rice:soybean mixture from 8:0 to 4:4. An all 

soybean protein diet (0:8) supported little or no growth. Rats fed an 

all rice diet equalled the growth of rats fed the diet containing 7:1 

of rice and soybean. It appears that a ratio of 6:2 and 4:4 of rice: 

soybean pos1ess the best protein value among the other combinations. 

No statistically significant difference was observed between the combi-

nations of 6:2 or 4:4 of rice and soybean. However, the diet containing 

75 per cent rice flour and 25 per cent soybean in a total of 8 per cent 

protein, would probably be the best combination to recoaa.end because 

from an economic viewpoint, such a diet, having less protein, would be 



l••• expensive. Moreover this diet because of its higher rice content, 

would undoubtedly be more acceptable to populatioDa ill which rice la 

the major dietary staple. 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050

