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X INTRODUCTION

Than is no mlTarwl panacea to io1t« tho proliliu 
of food and nutrition In any country except through tho ooto 
of self-J»elp and self-reliance. Talking in this rein*
Boghln (1976) and Doradao (1977) roooanond tho renewal of tho 
constraints and rooognltlon of tho prohleas to nako explicit 
oholeo of no tho d to attain self-sufficiency as an individualistic 
pattern for all societies. To Indianst talking of hungor and 
Malnutrition has hoeouo tho second nature, hut tho nrgo should 
sons fron within to solro this pathotlo situation of hangor 
and Misery of nllllons of Its people.

Out Of tho 300 allllon undornourlshod ohlldron In 
tho world* $0 allllon ohlldron aro In India (Nayar* 1977) and 
every year a allllon aoro ohlldron aro vletlalsed as a rosnlt 
of oswore aalnatrltlon (Devadas, 1977)* Tho wldo prowalonco 
of aalnatrltlon Is rofloetod by tho high Morbidity and Mortality 
rates, especially aaong tho wulnorablo group-the worst sufferers. 
Tho general Mortality rates of tho different ago groups in 
tho developing countries aro 10 to 40 tines those of their 
counterparts in the affluent areas (Mahler, 1976).

Malnutrition* especially protein energy Malnutrition 
and Infections have a synergistle influenoo on the physical 
and aental dewolopaont of ohlldron (Crawloto* 197lf Devadas* 1972|
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No Namara, 1973I Bengoa, 197%I Behar, 1976 and Devadae 1977) 
and on the health, working capacity and prodwllvlljr of 
admits*

This anlworoal problem of aalnmtrltlon has boon 
a severe blow to tbo developing oomntrloo where tho popnlation 
on tbo ono hand and food production on tho othor never cone 
closer* Inadequate lntakoo of ealorloo and other dietary 
essentials, along with several othor factors worsen the attack 
of this 'enemy of mankindv# To fight malnutrition, developing 
countries like India have to give duo consideration and 
attention to the utilisation of the existing resources to 
the utmost* Cereals like rice, Jowar and ragl which are the 
otaplot provide proteins to eons extent In addition to giving 
energy, as the average Indian diet rarely contains a protein 
rich food o opes lolly foods of anlnal origin* Consequently, 
plant foods have to bo depended upon for nesting tho protein 
needs (Borlaug, 19731 Olivette, 19731 dwanlnathan and Jain,
1973| Crisp, 197%) Milner, 197% and Betochart, 1979)*

Legunos often are the only protein component of diets, 
either alone, or In combination with cereals, and this common 
man's food has to be fully used In attempting to decrease the 
protein gap* (Swamlnathan, 1973) Berg, 1973) Borlaug, 1973) 
Oliveira, 1973, Jaffa, 1973 and PAG/UX, 1979)- though many a 
novel protein food Is being developed, exploitation of the
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existing conventional, lua expensive, widely u a d  aaaroai 
•I food rrotai&s will jrlald batiar result a in the lang ra, 
for the people he longing to the lev socle-aeon©uic itnta ef 
the society who ere also invariably undernourished and Mal­
nourished have an easy assess to these foods*

Lefuses supply not only proteins but also ethsr 
inportant nutrients to the diet in addition to providing 
energy* Legunee hove been in use from ancient tines and 
various Methods have been need to iuprove their nutritive 
value and render then More palatable, digestible and tastier* 
(Kylen and Ms Cready9 1975) Gemination Is a very simple, 
inexpensive Method ef hone-scale proeesslng Sb ish inereases 
the nutrient content, inproves the availability and digestibility 
ef legones (Babu, 1976) Sabbulakshsl |t 1976 and Ganeshkunar 
and Venkataran, 1976)* Yhls Method ef processing is being 
widely used in South India to sprout sons ef the eoanonly used 
legunes like green gran, horse gran, eowpea and chick pea 
(Protein Foods Association ef India, 19731 Sreekantaradhya,
Si fll 1975) tabu, 1976 and Xrlshnamrthy and Rana Kao, 1976)*

With a few exceptions, legunes have been greatly 
Ignored fron the point ef view of research and related efforts 
to increase production (PAO/U.K, 1964) Oliveira, 19731 FAG/UN 
1973) Milner, 197b and PAG/UM, 1975)* Znfomatlon regarding
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the ehaagtl la the nutritive value and availability of 
pnttlBf «f b f i M i  as a rasalt ml sprouting la still Halted, 
Tbls Investigation Is a step towards this and* Horsegraa 
and grssn gran ars two of tbs aost conaonly asod lsgaass 
la South India (Baba, 1976)» and borssgraa bslng Isas expensive^ 
assas to bs tbs favourIts of tbs poorsr ssstlons of tbs 
population especially In Colabators district (Devadas $t al 
1979)* Hencs, tbls Investigation has boon planned to ovaluats 
tbs protoIn quality of sproutad borssgraa and green gran 
supplsasntsd with skin allk at 5 par sent level, alone or 
vltb additional suppleasntatlon with tbs Halting sulphur 
containing aaino asids, on albino rats*



ZZ REVIEW OP LITERATURE

The literature pertaining to this atndp on Evaluation 
ef the protein quality ei Sprouted horse gna and green gram 
Is reviewed under the following hsedst

A Plaoo of proteins in hunan dietaries
B Legumes - Conventional sources ef food proteins
C Effects of gemination on the nutritive value 

ef legunes
D Evaluation ef protein quality

* Etoft •?. IP h W "
Protein is essential for both growth and Maintenance 

ef the hunan body* Protein deficiency results in various 
elinieal and subcllnleal senditions such as decreased growth 
rates and poor physical and nental develepnent in children 
and adoleseents9 and lapalred health, resistance to disease 
and reduced working efficiency in adults, (FAO/U.X., 196%), 
Research has suggested that the intellectual development ef 
infants and ohildren is lapalred by inadequacy ef dietary 
proteins (Cravleto e£ 1962| 1966; Read, 1968| Moneekeberg, 
1968| 19691 Cravioto £| 19691 Frlabh, 19701 Cravleto, 1970|
Oopalan, 1970| Frisch, 19711 Me Canoe, 1971I S'rikantla and 
Togananda Sastrl, 1971I Cravleto e£ £l 1971I He Kaaara, 19731 
Tlsard, 197*1 Laboulsse, 1979 and Eehar, 1976)*
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Th« FAO (1966) has reported that those countries 
with lowest par capita dally preteln and oalorla consumption 
are alsa those with the lowest productivity.

The aalorle supply avallable/person/day la Sadia 
averaged about 8000 during the decade 1963*78 against a 
requirement ef a little over 8800* By contrast the protein 
supply are raged about 5Og/day/person against the average 
requirement ef 30g. and the recommended allowance el 36g. 
based on XCNK recommendatien and those ef VBO/FAO, 1965, 1971 
(Sakhatmea 1973)* For preteln9 far from the oyerall gap, 
there is a large excess* Bren so, protein deficiency Is 
widespread because ef uneven distribution* An association 
between protein and calorie Intakes is to be expected since 
the major source ef energy, as of proteins, Is the staple 
cereals In the diet at least in the low Income groups* So 
the problem ef protein malnutrition le secondary to Inadequate 
calorie Intake (Oopalan, 1979)*

Xt will be seen that as long as the caloric Intake 
is Halting, but protein Intake Is net,there Is a less ef 
body protein* Xt Is net until the caloric Intake exceeds the 
calories needed for maintenance ef body that protein is 
fully utilised (Sukhatne, 1973)* As long as the energy 
intake Is below the level for maintenance the body will tend 
to use even its own tissues to meet the energy needs. A diet
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tefiolt In calories l£> compensated for, by reduced utlrltjr 
tut tho body ban no eonparable neehanlsa for protoin 
do fie lone/. (Nutrition and Flood Soionoo, 197%) • do adults 
'adapt9 to Froteln Energy dofioloner by « loao of weight and 
reduction la voluntary vorit, eblldron 'adapt' by rotardod 
growth ratoo ao wall ao by Increased activity* Sach adapta. 
tlono are onaecoptablo as a national policy* Son Gupta (197%) 
quoting tho work cf Scrlnshaw says that in sons developing 
countries* pooplo oven receiving adequate calories could not 
discharge full day's work because of insufficient proteins*

FOod policies that have tho ala of slaply increasing 
the average protein intake per head of the population nay 
be totally ineffective in decreasing the incidence of deficiency* 
since in practieef the extra protein eensuned will not be 
unifonly distributed* The only policy neasures that are 
likely to be effective are those alned at improving food 
distribution relative to needs* as well as ensuring an 
adequate overall supply cf foods (FAO/VHO* 1973 and Nagarajan, 
1977).
B !»«»— » - f w r o t m d  —  mt—  «* *<»« »rot«ln«.

By now* It is well accepted that supplying adequate 
anounts of high quality protein to the population in developing 
countries is not an easy endeavour (Bressanl* 197S)* A large 
nunber of grain legune and oil-seed logons crops can be
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helpful in alltTlattiii the protein oriels «f the developing 
nations* (Patwardhan, 19689 Aykroyd and Doughty, 19649 

Borlaug, 1975I Oliveira, 19739 Anonymoua, 19739 Swanlnathan 
and Jain, 1973jfl PAG/UN, 1975)* Tha food lagan* s aro tha 
atop ehlldren In tha family of nan*a food oropa (Roberts, 1978)* 
With a few exceptions thay havs baan largaly Ignored from 
tha standpoints of raaaaroh and alllad afforta to lnoraaaa 
production (FAO/UK, 1964; Oliveira, 19739 PAG/UN, 1973 
and Mllnar, 1974) although tha potantlal naa of food lagnnas 
as sources of protaln to Improve hnnan nutrition has long 
baan an tha nlnda of paopla lntarastad In Foods and Nutrition 
(Jaffa, 1973).

Lagumaa farm part of tha daily dlat of.India(Yadav 
and Bharadmaj, 19719 SundaraTalll and Daaal, 19739 Protaln 
FOods Association of India, 1973 , and Swanlnathan and Jain, 
1973), and form tha only sourca of protaln for about 99 par 
cant of tha rural population of tha daysloping countrlau 
lying In tha tropical bait (FAO/UN, 1964f INCAP, 1969 and 
PAG/UN, 1975)* Legumes have a high content of protaln (2d to 
89 par cant) and arc nutritionally Important among vegetable 
foods (Aykroyd and Doughty, 19649 Braoaanl, 19739 Burr, 19749 

Adams, 19749 Grltton ££ 4^ 1975| and Subbulakshnl || 1976)*
Food lagomaa or pulses occupy a unique position In Indian 
agriculture and no other country in the world has so much 
area under these crops as docs India (Swanlnathan, 1971 and 
Swanlnathan and Jain, 1973),
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Thers » n  about 20 species of food legume that 
aro used in appreciable anounts In tbo hunan dlati in ono 
part or another of the world (Roberto* 1972* and Melina £$ Stk 
1979)» depending on the dietary patterns* availability and 
local traditions (Patwardhan, 1962)* Legume cure Tory 
adaptable and are found la all agroecological conditions 
(FAO/UN* 1964).

Dry legones hare been called •Poor 000*0 neat*, 
a designation of interest and laportance fron historical and 
other stand points. Xn the first place* it inplles a neat 
substitute. But in the developed countries* legunes are now 
an alnost insignificant iteu in the diet and their oonsunption 
Is tending to decrease. They can no longer be called *Poor 
nan*s neat* there,as even people in the lowest Incone groups 
get real neat, begunes assune greater inportance in countries 
where starchy roots and fruits replace cereals to a large 
extent as staple foods (Aykroyd and Doughty* 1964).

Legunes contain 60 per cent of carbohydrates* 20 to 
30 per cent protein and 1 to 2 per cent fats. They also 
contain 9.4 to 0.5 ng/l00g. of thianlne* B.Ong/lOOg. of 
riboflavin* negligible anounts of p carotene and ascorbic 
acid. But they are rich in Calelun (100 ng/iOOg) and iron 
(7ng/i00g). Thus* legunes supply not only proteins but also 
other essentials. The high protein content is Itself a fact
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•1 great significance, tout, the contribution which any 
protein cakes to tile fulfilment of requirements depends not 
only on the quantify In which It Is present In the diet, but 
else en Its quality which In turn depends on the anlno acid 
composition. The majority of reported Protein efficiency 
Ratios for legume proteins are between 0.5 to 1*5 and the 
biological Value between %0 to 50*

The value of a protein depends on its eontent of amino 
soldog since the amino acids are the units used by the organism 
for growth and maintenance* Legume proteins are poor eourcee 
Of sulphur containing anlno acids methionine and cystine 
(Aykroyd and Doughty, 1964| Swaminathan, 1967| Bressanl, 19731 
Jansen, 1973J Adams, 1974| Kllher, 1974| Burr, 1974| Grltton 
et al 1975 and Llener gl 1977)* Many are also somewhat 
deficient la tryptophan,isoleuelne and threonine. Low protein 
digestibility le a setloue nutritional problem in moot food 
legumes. Legumes contain toxic substances * trypsin inhibitors 
haenagglutlnlns, golterogenle factors, oyaaogenic glycosides, 
lathyrle factors and eonpounds causing favion (Breosanl, 1973). 
One of the best known problems that results from consumption 
of legume foods is Increased flatulence (Bressanl, 1973).

Bren with all these disadvantages legumes fare well 
against cereals, because of their high content of lysine which 
is limiting In cereals (Bressanl, 1973*$ Jansen, 1973). Xt has 
been shown that small amounts of legume proteins added to
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• m a l  grains improve thi amount tf utlllxable protein in 
the Mixture by their Mutual supplementation (Aykroyd and Doughty, 
1964) Breesanl £| gl 19681 Aiyar and Sreenlrasan, 197*1 Breceanl, 
1973J Janeen, 1973 and Grltton gt gl 1975)*

Fortification of legume proteins with sulphur 
eentalnlng anlno acids and supplementation by Means of ether 
proteins hare also been suggested as Measures at increasing 
protein utilisation fxon lagunas. Studies by Woods g$ al 
(194i3)i Bussell g$ s3L (19*6), Lehrer et gl (1947), Jaffa 
(19%9), Bressani, Illas and Vallente (1963), Xakade and Brans 
(1965)i Clark gt gl (1966), Swaninathan (1967)* CFTRI (1970), 
Bressaxti (1973), Lachance (1973), Jansen (1973), Ollrelra (1975)* 
Burr (1979) and Liener et al (1977) support this etatenant.

Contribution of legunes to diets la developing 
aountries Is United by their scarcity. Zn India, diets 
comprised of 80 per cent ragl, rice or nalso and 80 per cent 
legunes would nest the needs of growing children and expectant 
or nursing Mothers (Swaninathan and Parpla, 1971). Legunes 
hare been used in the preparation of low cost protein foods 
(Subrananyan gt g1 1957) weaning foods (Narayana Rao, i960) and 
protein foods used in the treatment of Kwashiorkor (Venkata- 
ehalam g$ al 1956).

The Protein Adrdsory Group reconaends urgent research 
attention to 6 major species ef legunes - dry beans, pigeon 
peas, cow peas, Ohlek peas, broad beans, peas, peanuts one
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soy beans, While l a o m M d  yield and lsprovH con saner 
seceptones qaalltlss are prluary objectives* prioritins are 
also proposed for genetic InproTonent of various nntrltlonal 
factors. Those lnolade increased protein concentration* 
higher aethionlne and cystine levels* aagnented lysine where 
feasible and protein digestibility (Mllnerv 197%)*

India* in coanon with ether developing eoantries is 
being saceessfally persuaded to expand the production of senl- 
oonventienal protein in the nane of eenaitnent to conbat 
nalnatrltlen. In fact* this effort anoante to a little sore 
than adding to the dietary variety and eaters nore to the 
needs of those who already have enoagh or nore to eat (Ml In nr* 
197*), Instead* the conventional sources especially lagunas* 
which provide the beat neano sf attacking the protein problea 
and which have a very great potential for Increasing yields 
and production could be tapped te the naxisnus (Roberts* 197S),

C Effects sf semination on the nutritive value of lexunesi
Processing is a pre-requisite for several foodstuffs in 

order to in prove their palatabillty and digestibility# The 
uethods iaprovod in processing ef food vary widely and the 
nutritive value nay be inproved er dlalnlshed depending on 
the net hod adopted (llabu* 1976)* Sons ef the coaaonly adopted 
nethods are cooking* heating* roasting* dehydrating* auto­
claving* geminating* fomenting and soaking.
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The ancient praitii* of iproallai seeds for food 
i m  la increasing in popalarlty (Kjrlao and Me Cready9 1975)* 
UgoMif oproatod and ansprouted constitute a Major soareo 
of food protolno (Patwardhan, 1961). Legunes are often 
oproatod and eonsuaed. Sons of then like ohlekpea9 cowpea and 
green gran (Protein foods Association of Indla9 1973) and 
Bengal gran (Baba9 1976) are eonsaned after gemination which 
is a Tory slapis process.

Yoang la 178S observed that geminated seeds acquired 
antiscorbutic properties (Chayen9 1953)* Daring sproatlng9 
the aseorhle acid Is converted to dehydro-asce able asid which 
possesses fall biological activity by the action of ascorbic 
acid oxidase (Chattepadhyay and Bannerjoe9 1953)* Thiaalno 
oontont is net affected bat there Is an Increase in niacin 
content of 50*100 per cent in 40 to 73 hoars and oven greater 
increase In available iron (Banerjee and BanerJoo9 1950).
The dry seeds have aeasarablc anonnts of ascorbic acid 
(Ahlborg9 19351 Bhagvat and &ao9 19*3f Cravlete 19*5)
bat the aaoant Is increased by gemination (Ahlberg9 1935)*

xylen and McCroady (1975) have shown higher protein 
content of sproated alfalfa and lentils. This la in support 
with results of earlier otadles by Slain (1955) who reported 
rise in aalno acids in seeds daring gemination. Shastrl 
Si Ai (1975) found no biogenesis of thiaalno bat of rlbeflavln9
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the m l —  levels »t 72 hours ef serai nation in Dollchos 
Lab lab. A Slnllar pattern has been noted by Nath and Shastrl 
(1966) while geminating nnng bean. A fluctuating pattern 
was obtained for niacin and no significant biogenesis eonld 
be seen (Shastrl 1975) which Is different from what
has been reported by Burkholder (1943) during gemination ef 
oatv wheat, barley and nalse.

Subalakshal et al (1976) have observed a progressive 
Increase in non-protein nitrogen with a decrease In protein 
nitrogen In horse gran and noth bean on gemination. The 
digestibility was also increased In both the leguaes after 
gemination (Sanesh Kaaar and Yenkataraa, 1976). A decrease 
in starch content was also noted supporting the statement ef 
Hsu £l (1973).

Baba (1976) has reported a narked Increase la the 
felle sold levels of bengal gran and ragi after gemination 
slnllar to that observed In garden pea by Rose and Cousins 
(1971).

Daring gemination the seeds undergo pronounced 
netabolie change and the structural profile ef the various 
netabolle coaponente are altered (Roller £t gl 1962)* Proteins 
are hydrolysed to form simple peptides and anlno acids 
(Rogers, 1968| Altsehul 1966 and Mayor £| 1968),
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due to protease activities (Danielson, 1951, Tantr, 1965 and 
Boorar89 1968)• Changes la trypsin inhibitor and hemagglutinin 
activities daring gemination have also boon r«ported 
(Chattopadhyay and Banerjee, 19531 Kakade, 1966| Sian and 
Lienor, 1970 and Manor and Fond, 1971)•

Rato lad cowpeas soaked for 36 boars showed superior 
weight gala and Protein Efficiency Ratio eonparod to that 
of rate fed anaoaked peas (Onajiui |t ^1 1976)* This also 
suggests that soaking has a beneficial offset related to 
destruction of trypsin inhibitors or synthesis of ether 
factors. Ray (1968) has shown that when raw horse gram was 
fed to rats at 10 per cent protein level. It induced high 
nortallty indicating that either the raw seeds created an 
extreme nutritional lnbalance or possessed sons tonic substance. 
Autoclaving improved the growth perfornanee remarkably, while 
gemination did not bring any such improvement* But there 
was no toxic effect and nortallty index was reduced appreciably* 
Ray (1968) also found that the Intake of raw horse gran was 
low;compared to casein and autoclaved horsegram*

» Evaluation cf Protein eualltvi
The biological utilisation of proteins depends upon 

many factors such as protein content, protein quality and 
protein digestibility (Kakade, 197*)$. The protein nutritive
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▼al«« or utilisation ujr be defined ns the ability of a protein 
to prorlde a patten el anlno aolda In proper concentration 
sluilar to body protein, although a quantitative aspect cf 
protein quality has been only recently reenphaslsed In evaluating 
the utlllaable protein iron various sources (negated, 1969)*

The efficiency with which a protein le used for 
growth er nalntenanee le a Measure ef its quality which is 
predonlnantly do to ruined by its Anlno acid eonposltien 
(FAO/WO, 1973)* Canpbell and HeLaughlan (1970) outline 
the naln reasons for developing nethods ef evaluation ef 
proteins to be i) to provide a procedure for ranking proteins 
hocerdlng to their efficiency of utilisation under sons set 
ef standard conditions and 11) to oonpare the efficiency ef 
utilisation ef proteins as sources ef nitrogen and anlno 
aelds for nesting the anlno acid requlreuents ef nan and 
anInals.

The nethods available for the evaluation of protein 
quality as suggested by Block and Mitchell (19*6) and Yenkat 
Rao (196*) are given belovs

1 Methods based on growth and body weight changes
2 Methods based on carcass nitrogen analysis
3 Methods based on nitrogen balance
t Methods based on regeneration ef blood and liver constituents
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5 D*t«nliiatl«B of availability of amino aiida
6 Chemical scoring methods
7 Miscellaneous Mthodi

1 Methods based on growth and body weight changes! 
a) Protein Ifflcloner Katie (P»)l

Xt io the olaploot nothod of dotornlnlng protein 
quality since It requires no ebenlcal neasureuents (PAO/VHO, 
1973)* Protein Kfflelency Ratio (FEU) Is defined as the weight 
gain ef a growing animal per gran ef protein consumed 
(Beaton and McHenry, 196*1 Mnnro and Allison, 1964)* Vonkat 
Rao £t ^  (1964) state that many factors are likely to affect 
the PER values, the moot Important being the level ef protein 
in the diet, age, sex, strain ef rats, variation in food 
intake and duration ef experimental period* However this 
method has been criticised by Hegsted and Chang (1969, Hegsted 
(1971) and MoLaughlan, and Campbell, (1974) since the values 
are not directly proportional to the nutritive value ef the 
protein tested.

»  N.t nrot.ln Hatlo («*).
This method introduced by Bender and Doell (1957) 

is a modification ef the PER method. This method makes an 
allowance for protein requirement for maintenance. The ratio is 
calculated as

Gain in ¥t. (g) of the * loss in Vt. (g) ef the 
NPR * -... -toft. 1I9«P---------- nen-erotcln areas

Protein intake (g)
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• ) firm Protein Tali# (OPV)i
Ttnkat Hm  &  (196%) report that the I n n  Protein 

▼nine « u  first siutsted tap He loan |t gl (1939) and notified 
tap Carpenter £t (1957) later* fhe gross protein mine of 
a svpplenentarp protein lo ealeelated as the extra growth 
obtained with the supplemental protein and expressed as the 
percentage of the corresponding figure obtained with easein 
as test supplement*
d) Nitrogen Growth Indent

The slope of the line relating growth rate to 
nitrogen intake offer a period of 88 daps hus been sailed 
nitrogen Growth Index (Venkat Rao e£ al 196%)*
8 Methods based on sarsass nitrogen analysis!

THls method introduced tap 8hunkers and McCollum 
(1989) considered growth as well as nitrogen balance.

Mg retention percentage ■ Gain in bodp Mg (g) X 100
Mfi Intake (g)

\
It is the percentage of nitrogen retained in the

bodp.
k) »«t P r a t m  utilisation (MW).

This method developed tap Miller end Bender (1955)
1s based on the principle of evaluating protein qualltp tap
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t biological last »f nitrogen utilisation. NFU la defined 
aa tlw proportion of lntaka nitrogen that la ratalnad In 
tha body andar specified conditions.

NFU m Biological Talma X Digestibility 
a) Hat Dietary Protein Cal % (UDp Cal %)i

Thle nathod found msafml by Platt in 1961 for 
aralaatlon of human diets takas Into aocount tha mtlliaabla 
protein aontant of a diet In tarns af calories.

Retained X X 6.89 X * K.CalND Cal£ m r- -
* Total food intake X K.Cal/8* of food

a) Nitrogen Balance!
Nitrogen balance la the balance struck between tha 

intake and excretion of nitrogen by an animal.
Biologic Talue ■ % af the absorbed nitrogen retained.

(Beaton and McHenry. 196%)
The method af Thomas (1909) nodlfled by Mitchell 

et al (19%9) ic aaod. The following data are required.
Kndogenous nitrogen (V#
Metabolic nitrogen (F.)Dietary nitrogen (l>)Urinary nitrogen 1 )Fecal nltrogan ( )

Absorbed M
Retained B 

Biologic Talue

• Urinary V when a N free diet is fed
m Fecal N when no N is fed
m N fed during test m Urinary N during test m Fecal N during test 
m D - ( M )
■ Absorbed N-(U-U )
Retained H *

■" ......... X tooAbsorbed N
B_(F‘F. ) - (w-*.)

______________  x 100
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b) Pi«»**miiity co-efficicnti
N « a s u m m t  of di|MtlUUtjr M-tfficltnt is an 

inevitable part of .the N balance nethod.
Digestibility Co-efficient (DC) is tbs proportion

of food aitrogon that is absorbed.
Food K absorbedDC . - .... .... ... .
FOod K intake

e) .IflgW
The nitrogen balance index is the slope of the lino 

relating nitrogen balance to absorbed nitrogen* In aost 
eireunstanees this is equivalent to Biologie Valao. This 
aethod was introduced by Allison and Anderson in 19tf •
d) Bax Replacement Value*

Clark |t jjJL (19*9) define Sgg Replacement Talus as 
the extent to which a test protein will give the sane Nitrogen
Balance as an equal quantity of egg protein*

N balance (test) - 1 balance (egg)BUT «-
X intake

* Methods based on regeneration of blood and llTor 
constltuSntsi

Regeneration of specific proteins or proteins of 
selected organs after depletion nay hare special merit* 
Regeneration of plasaa proteins (Miller et £l 19*5)» haenoglobln
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eanpbell and ioat«rllti« 19U) llrer SNA and MUvltjr of llnr 
xanthlna ozldau and Sucelnia dehydrogenase (Muranatsu and 
Ashlda» 1963) are axanples*
5 P^taw lnation o f a v a ll iM i |fr  ? f f l f l t  i r f f t 1

The aaggaatad nethods for the deternlnatlon of tho 
availability of anlno Midi ara alcroblelogieal aathoda 
(Parnell and Rosen, 19J6 and Orton and Orton, 1997) ohonieal 
■athodo (Vankat Kao e£ a^ 196%) anxymatle nathoda and assays 
using ehlak or rat* fhasa nathoda ara not used widely due 
to Inharant short coalnga (Canpbell, 1961)*
6 Chemical 8cgrjLn&  ftt$.hftflil

•) t * A.?Ad
An anlno aeld acara can ha ealaulated whan both 

total nltragon ar protain and tha eonoantratlan of tha first 
Uniting anlno aeld ara known (PAG/UJf, 1979)*

Tha pattern that should ba used la tha 1973 Joint 
PAO/VHO provisional rafarenea pattern (PAO/VHO, 1973) which 
la an aatlnata af tha anlno aald rsqulrananta af young 
children*

Tha quality af a protein nay ba aatlnatad fron 
Its anlno aald oonposltlon la nonpar Ison with the rafarenea 
Pattern anlno aeida* The content af each af tha essential 
anlno acids af a protein la expressed as a percentage af a 
standard! tha lowest percent age la taken as tha score*.
Black and Mitchell, (19%6),suggested that since all anlno
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acids Mist be present at the site if protein synthesis in 
adequate amounts for protein synthesis to proceed, an equal 
percentage deficit of any essential aninc acid would limit 
protein synthesis to a comparable degree*

Generally amino asid scores are calculated as the 
percentage ef adequacy rather than as deficits*

Mg*ef AA in i g* ef test proteinAA Soorew - " ’— - ■■■■■■ *■ ..■■■'■......  X 100Mg. ef AA in reference protein
b) Essential Mlffi*

Kssentlal Amine Add Index (BAA Index) is defined 
as the geometric mean ef the ratios ef the essential amino 
adds in a protein to those ef a standard (Usually egg protein)* 
Oser (1991) developed this method ef computation*
7 Miscellaneous msthodsi

Longnecker and Haase (19*1) and Venkat Rao £t al 
(196b) have explained that the patterns ef amino adds in 
protein markedly influence the level ef some free amino 
adds in the blood* The most limiting amine acids are elevated 
to a lesser extent and possibly quantitatively related to 
the amounts needed* Marlin £l (l9bB)showed a linear 
relationship between the Biologic value and urinary creatinine 
ef animals fed different ranges ef proteins*



Though • vide variety •! aethodo aro available, 
only two nothodo naaely FEE and KPU hare boon reeoaaended ao 
tho aoot oultahlo aothodo fof the evaluation of the quality 
Of dietary proteino (Food and Nutrition Hoard, 1963)*

23



Ill EXPERIMENTAL PROCEDURE

Tkli itidjr ilMd at oYalaating the pro tain quality 
•f a pro* tad bora a gran and gram gran on. albino rata, fka 
proaadara inalndadi

A fprooting af tha lagunaa 
B Matriant analysis 
C Pomaiation af tha diata 
D Salaation and granping af anInal*
E Evaluation af pro tain quality

A gproittina of tha losnnesi
Horaa gran (Dolioboa vniflorna) graan gran (Phaaaolaa 

anraaa) fron tha loaal narket war* alaanad and aoakad in para 
water far six bonra at tha and af whieh they wara tiad in 
aaparata alotha and allowad to sprout* Tha apront langth was 
kept aonstant at E to 8.5 an. far hath tha lagonaa and at tha 
and af 30 hoars (far graan gran) and 36 hoars (for horss gran) 
whan tha sprout langth was equal in both eases, tha laganas 
wara taken eareTally with tha sprouts, dried and powdered*
A sproat langth af 8 to 8*3 an* was ehosen beeawse it Is at 
this stage that these sproatad lagunas are normally eensunsd*
I Nutrient analysis!

Nutrient analysis was dona in horse gran and graan 
gran sprouted for IS hours, 8% hoars, 36 hours, 48 hoars and



*5

60 tours respectively. Ascorbic acid was estimated using 
ills dye method, whoa the sprostsd grass wore fresh. For all 
other estimations, the sprouted legumes were dried and powdered. 
Protein, calcium, iron end phosphoms were estimated in the 
dried samples using the procedures given in the ICKR Manual 
(»*7l).
C Formulation of the dietsi

As earlier studios by Ray (1968) hare shown that 
horse gram alone incorporated at 10 per cent level resulted 
in high mortality, skimmed milk powder was ussd in this 
experiment to provide half of the protein (5 per cent). Raw 
and sprouted green gran and horse gram formed the protein 
sources for the diets along with skimmed milk powder at 
10 per cent level, NRC (1963). Gy orgy (i96%) and Srinlvas 
et al (1969) suggest 10 per sent as the ideal level for PER 
determinations. Refined ground nut ell was added to make the 
fat content upto 9 per cent after calculating the fat in the 
food. Vitamlnised starch, vltamlnlsbd ell and mineral mixture 
were added according to ZSI standard (197b) te ensure adequacy 
in other nutrients. Corn starch was added te make up the 
diet composition te 100. Twelve diets were formulated in 
all, six each with horse gram and green gran respectively.
While raw and sprouted horse gram and green gram formed the 
protein component of dour diets along with skimmed milk powder,



K

snpplenentatlon with 0*5 par cant nethlanlne and 0*5 per eant 
methionine and 0.5 per cent cystine were alee dona to both 
raw and aprouted haree gran and green gran In the other eight 
diets. The percentage composition of the twelre diets is 
glren in Table X.

I
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0 —  lection and irnplM or rates

Aalaall froa the laboratory a took eolony were okooon
and grouped thus:
1) 180 weanling aalo rats 11 to 84 days old, (Scott and Quint, 
1946) woro chosen and grouped Into 11 groups of 10 rats each, 
the arcrags weight of the rats la a groap falling hetweon 
44.1 to 44.9 g« 11) The rats wore hoasod la individual sagos 
with provision for water and food ad llhltaa.

B gcflljllttlff, 9Jt
9he rats wore placed on the experlaental diets ad 

llhltaa aslng the procedures of Dorados and Satton (1961)
IRC (1969) Droahlsoos and Bowland (1969)* The diets wore 
weighed alxed wall with water, cleaned and fed dally. The 
loft over food along with spilt food wgs dried In an oven 
and weighed, the following day. This weight subtracted froa 
the weight of food given, gave the weight of food actually 
oonsuaed by the anlaal.

A record of dally food Intake was aalntalned. The 
feeding was continued for 88 days (HRC, 1963). The rats 
were weighed every second day and a record of the weight 
gain aalntalned.
D  WoiMht sain end feed iqtfhfti

It has been generally accepted that the growth of 
weanling rats under standardised condition* provides a reliable
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Messrs of the Talas of dietary proteins (Campbell, 1961),
Both weight gain and food intake which reflect the quality ef 
the protein given (Hnnro and Allisent 1964) oerred as the 
basic of eTalaation of the diets tested.
1 1) PKH»

The total intake ef protein was calculated for each 
rat fron the total food intake. Fron the weight gain and 
Intake of protein, the protein Kfflciency Ratio was calculated.

pkr 8ain in weight (g) NBC, (1963) Beaton
" Total protein intake (g) •** HcHeniy (1964)

Livers contain labile proteins and respond to an 
increase in nitrogen intkke and to laproved nutritive value 
ef dietary proteins (Allison jr| £l 1968)

At the eoneluslen of the experlnent the rats were 
sacrificed, the livers renoved, cleaned ef blood and weighed. 
They were then grouped so as to have 3 groups per diet en the 
basis ef weight. The pooled livers were honogenised well and 
the nitrogen content was estlaated taking 0.5g aliquots in 
triplicates using the NlcrokJeldaKl uethod (Hawk ejt al 1965)
iT) Apparent Pfsostlbllltrt

During the last 4 days ef the experiment, faeces 
was collected giving ferric oxide ns the marker. The faecal
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natter collected was brwhtd «ff fro* food and hair, weighed 
and proaarrad la polythene bags* They vara than groapad 
so as to hare 3 groups par diet an tha basts ef weight* Tha 
poolad faacal natter was finely ground, nixed wall and the 
nitrogen content estinated by talcing O.fg. aliquots in 
triplleatas using the alcrokjeldakl nethod (Hawk || &1 1965)*

Froa tha data on faeeal nitrogen and nitrogen 
Intake thus obtained. Apparent digestibility was calculated 
using the fernula,

Total nitrogen absorbedApparent Digestibility ■ —   ... ■ X 100Total nitrogen Intake

a



IV RESULTS AMD DISCUSSION

la thle Investigation an attenpt waa aada to evaluate 
the protoln quality of two connonly used pnltea, aanljr 
horse (ran and groan gran, in the raw and sproatod foraa asing 
albino rata* Accordingly, both tboao logonoa wore fad at 5 
poreant protain level, tha ranalning 5 P*r aant coding fvoa 
skinned nilk powder, alnoo aa indicated by Ray (1966) incorpora­
tion of horao gran alone at 10 par cant level resalta in high 
Mortality. Spraatlng waa carried oat in such a nannar that 
a oproot length of 2 to 2*5 an* for both tha grana waa kept 
eonatant, aa thoae repreaent the atage at which sprouted 
lagunas are nemally aonstaaad. In order to farther enhance 
tha protein quality nupplenentatiea with tha noat Uniting 
anino aelda nathlonino and eyatine (0*5 par cant level) to both 
tha raw and aprouted ferns waa alao lnveatigatod* The resalta 
obtained on feeding tha above dicta to a group of young 
weanling rata over a period of 2S days, on their weight galna. 
Protein Efficiency Ratio, Liver eenetltuento and Apparent 
Digoatihlllty are praaonted and diaeuosod under the following 
headlngoi

A Analyala of the nutritive value of the aprouted grana
B Body weight galna of rata 
C Food and Protein Intakea 
D Hepatic Valghta



F Hepatie nitrogen 
• Apparent Digestibility

31

A Analysis ef the nutritive value of the sprouted aransi
Both horse gran and green gran were sprouted and at 

a tine interval sf 3® to 36 hours, a sprout length sf S to 1*5 
a connon edible length was obtained. Za order to evaluate 
the possibility of nutrient ehanges, two alx-hourly intervals 
below and above 36 hours were chosen and the sprouted grans 
thus analysed for protein, calcInn, iron, phosphorus and 
aseorbis acid contents. The values obtained cure presented 
in Table ZZ*
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Sprout Inf dots not i m i  to bar* aad* any appreciate!* 
dlfftnnoaa in th« protoiat calcium, iron and phosphorus contonta 
of the iogonoo when eonparod with the raw v a l u e O n  tho 
contrary# the aooorteio acid eontont ooono to have inoroaood 
considerately with increase in the length of the spree ting 
period* These resnlto are in tone with the resnlts reported 
in the literature for other leguaes that tetal protein does 
not appreciably change on sprouting (Kylen# 1975'# Fordhaa jg al 
1975 and Snbbulakshnl jg 1976)*

As far as the ascorbic add content is concernedv 
an anemone s e n t  of 800 to 400 per cent increase In leguaes 
like Bengal graa and green graa has been reported by Ahlberg 
(1935)# Bhagvat and Kao (l948)t Chattopadhyay and Banerjoe#
(1958)# Dhand (1964)# Aykroyd and Doughty (1964)# Babu (1976)# 
and Kajalakshal (1976)* Banerjee and Banerjee (1950) Singh 
and Banerjee (1953) and Kajalakshal (1976) have reported that 
although the iron content aay not appreciably change# there 
scene to be a change in the available iron due to sprouting*
Though the increase in ascorbic acid increases upto a 78 hour 
sprouting period# for purposes of huaan conouaptlon# a sprout 
length obtained at 36 hours# seeas to be nore reasonable and 
at this stage also about 100 per cent increase in ascorbic 
add is perceivable* Hence for the purpoee of this Investigation, 
which was aainly alaed at studying the protein quality of
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ipmtvd grans, sprouting for a porlod of 36 hours was chosen 
te lio more appropriate • Though there ia no change la the 
total protoln content due to sprouting, possible ehangoo in 
the anllaUUtjr and Improvements ia digestibility lure been 
reported by Chattopadhyay and Baaerjoo (1953)* Aykroyd and 
Doughty (196%) Kakade (1966) Sabbulakehal £t ^1 (1976) and 
Balm (1976) and hence la within the apectma of the ala of 
thla Investlgatlon. Changea la the pattern of amino aclda which 
la turn would lead to improvement In protein quality are also 
apeculated (Klaln, 1955) But the analyaia of aalno aeld per 
ao wae not within the acepe of thla investigation.
■ Body weight sains of ratal

The aean Initial and final wolghta and the total 
weight galna of the rata fed the twelve experimental diets, 
for 28 days are presented in Table XXI. The individual Initial 
and final weights are given in Annaxure XX.
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the highest increase is weight (88.A9g.) wee 
registered by rats led sprouted horse gran, t skin ntlk ♦ 
nethionine (Diet YXX). The lowest increase was exhibited by 
the rata led raw horse gran ♦ skin nilk (Diet I) 51.74 g, 
Statistical analysis indicated that the dlllerences In weight 
gain el rata led apron ted horse gran ♦ skin nilk ♦ nethionine 
(Diet VII), Sprouted horse gran ♦ skin nilk ♦ nethionine + 
cystine (Diet Till), Raw green gran + skin nilk ♦ nethionine 
(Diet XX) and sprouted green gran ♦ skin nilk ♦ nethionine (Di eL )

were net slgnllieant. Whan weight gains el ether diets were 
considered, statistically pointing out, rats led Diet Will 
(Sprouted horse gran + skin nilk ♦ skin nilk ♦ nethionine),
Diet XX (raw green gran ♦ Skin nilk ♦ nethionine), Diet X 
(raw green gran ♦ skin nilk ♦ nethionine ♦ cystine), Diet XZZ 
(sprouted green gran ♦ skin nilk ♦ nethionine + cystine) 
and Diet VX (raw horse gran ♦ skin nilk * nethionine ♦ cystine) 
were net algnllieantly dillerent. Again, the increnents in 
weight between rats led Diets ZX (Raw green gran ♦ skin nilk * 
nethionine) Diet X (Raw green gran t skin nilk + nethionine ♦ 
cystine), Diet XZZ (Sprouted green gran ♦ skin nilk ♦ nethionine
♦ cystine), Diet YZ (Raw horse gran * skin nilk ♦ nethionine
♦ cystine) Diet XY (Sprouted green gran ♦ skin nilk) and
Diet ZZZ (Sprouted green gran 4 skin nilk) were net statistically 
slgnllieant and also those between Diet X (Raw green gran ♦ 
skin nilk ♦ nethionine ♦ cystine) Diet XZZ (Sprouted green gran ♦
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ikla ullk ♦ aethlonlna ♦ ejatls*) Diet VI (Raw tain* graa ♦ 
akla ailk ♦ aethlonlna + cystine) Blot XV (Sprouted green 
graa a akla allk) Slat SIX (Saw graaa graa a akla allk)
Slat V (Raw (aoraa graa ♦ akla allk a nethionine) aad Slat XX 
(Sprouted bora a graa a akla allk)*

However, all tha dlata vara significantly aaparlar 
to Slat X (Raw horaa graa a akla allk) at 1 par cant level,
Tbla Indleataa that both Siata VIZ (Sproatad horaa graa a 
akla allk a aatblonlna) and Slat XX (Sproatad groan graa a 
akla allk a aatblonlna) where aprantad graa was aappleaaatad 
with aatblonlna a Iona aaaa to ba haring hlghar growth pro noting 
potantlal ever that el all other dlata and batwaaa thenaelvea 
thara daaa not aaaa to ba any elgnlfleant difference. Addition 
of eyatlne doaa not aaaa to enbeonee growth over and a bora 
that of supplementation with aethlonlna alone. Raw horaa 
graa as each cron with a 5 par cant akla allk auppleaentatIon 
does not support growth In axparlaantal aalnalo and this may 
ba due to tha lower digestibility In tin raw state or duo to 
tha presence of anti nutritional factors Ilka trypsin Inhibitors 
present In It, Say (1969) studied tha off eat of raw and 
autoclaved horse gran la growth pro notion with albino rata 
and found that raw horaa gran did not pronote weight gain 
whereas autoclaving facilitated weight gain In albino rats.
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Xa the present investigation also, raw bora* gran to
fall In lino with the stadias avallabia In the lltarature 
(Nlyogl gt ai, 1931, Hlrw# and Magar, 1953 and »ajr 1968).

Sprouting horse gran aaana to have Improved weight 
gain though not considerably, at least an par with raw horse 
gran snppleaontsd with skin nllk and na this nine, Saw green 
gran on the ether hand seena to he hatter than raw horse gran 
hut on par with apronted horse gran. Sprouting of green gran 
per se does not seen to Improve the growth potential. These 
elearly Indicate that sprouting through aeons to Improve the 
weight gala In the ease of horse gran, nethlonlne still remains 
the Uniting anlno aeld, whleh is evident In the consequently 
higher weight gala of anlnals fed sprouted horse gran ♦ skin 
nllk ♦ nethlonlne.

Figure 1 presents the narked differences In weight 
gains of note fed the IS different dlete. While all the 
rats showed very slight laprovenents in the weight gain during 
the first wssk, rats fad Diet YII (Sprouted horse gran + akin 
nllk * nethlonlne)and Diet XX (Sprouted green gran * skin nllk 
♦ nethlonlne) seen to have shooted up right fron the firat 
week and the continuous gains over the next 3 weeks are 
narkedly superior to that of the other dlsts. Figure 1,2,5 
also Indicate the growth trend of rats fed sone experimental 
dlete whleh are narked by their growth pronoting quality
While sprouting sf both howee gran and green gran 
does net seen to hare Improved the growth potential.
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tvt rats la the aprastid horn gran ♦ ikia allk group (Diet XX)
bare even latter weight than the weight ef ana rat In tha 
sprouted horse gran ♦ skin allk a aathionlna group (Diet TXX)

0 Food and protein Intakes!
The level ef protein la ell the diets was aalntalned 

at 10 per cent level and hence the changee In the protein 
Intake were directly related to ehoagee la food Intake* The 
neon total food and protein Intakes of rate fed the different 
ezperlaental diets are given in Table XT and the Individual 
food and protein Intakes are given la Annexure XXX*
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SCALE
X-AXIS 3 CD. s 1 WEEK T-AXIS 2 cm. = 10 g.

, VII ' XI

--------------- > - ■ - l---------------- L.
1 2  3 4

PERIOD IN WEEKS
FIG. 1. GROWTH PATTERN OF RATS



FIG, 2. COMPARISON OF EATS FED HORSE GRAM-RAW* SPROUTED 
AND SPROUTED PLUS 0.5% METHIONINE
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The aolMlf fed sprouted grvtn gran ♦ ikia Milk +- 
netbionine Slat (XX) recorded the highest food and protein 
Intakes ( 310.3*1. and respectively) fallowed by rata
fad aprontad horse gran ♦ akin nllk ♦ nethlonlne (Slat VII) 
(S9?«5>g» and 29.75 I* respectively). kata fad Slat IX 
(raw graan gran 4 akin nllk ♦ nathlanlna) rankad third In 
their food and prataln lntakaa and in tha deacendlng ardar af 
food and protaln lntakaa, the dleta nay be rankad aa diet Till, 
XII, X, V, YI, III, IV, II and X respectively.

The nnalyala af the aignlfleaaee af dlfferenea la 
prataln Intake between rata fad tha different dleta showed that 
there waa practieally no dlfferenea between rata fad Slat VIZ 
(aprontad horee gran a akin nllk a nethlonlne) and Slat XI 
(aprontad green gran ♦ akin nllk ♦ nethlonlne) bat theee mines 
far these dleta were slgnlfleantly anparlor to all ether diets. 
The dlfferenea In the protein Intakes af rata fed all other 
diets ware also not statistically significant.

Peed Intake and sabsequent protaln Intake af rats 
la a direat indieater af tha quality af protaln (Munro and 
Allison, 196% and Hart gt £l, 197%). The higher Intake af rata 
fad Slats VIZ and XI whan eonpared to those af tha other 
experimental diets night be due to the lnprorenent of tha 
quality af these protaln due to anpplanentatlon with nethlonlne 
whiah la the first Halting anlno aeld la pdla proteins.
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Burr (197%) and da 01 It*Ira (197%) bare found in tholr 
studios with pulses* specially boons* that oupplMentation 
with uotbionlno lnprorod tbs food intakes of the rata*

A eorrolstlon of food intaks with body weight gain 
indisatos that greater the food and protsln intake* greater 
is the body weight gain, for both Diets Til and XX* protein 
intake as well as weight gain are higher when 00spared to the 
other diets* Similar obserrations haws boon reported by 
Dorados ^  (1979)* Marayaaaswany si Si (197%) and 
Chandrasekhar si Jil (1976)*

D Protein Iffielencr Rntloi
The aeon gain in weights* protein intakes and the 

Protein Sffisienoy Ratio (PBi) of rats fed the different 
ezperinental diets are glren in Table T. The details regarding 
the Sane for all the aniaals are glren in Annexure XT*
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The highest PKR TalM of 3* Of was obtained for 

Dill VIII which had ipiMlil horao gram ♦ skin nilk ♦ 
nethlonlne * qrstlM as tho protein s o i r i i . ft* FIR valuta 
•HalMd for Ditto VII, IX, and XI with protein aoureas 
aprautad borsegran ♦ skin ailk a aathioninat raw groan gran a 
akin nilk a nsthisnins and aprautad groan gran a akin nllk 
a nethlonlne wera 2.97, 8*90 and 2*80 respectively and the 
atatiatleal analysis indicated that the FIR valuta for the 
above % dicta (Diets VXXX, VIZ, XX and XX) vara not signifi­
cantly different* The lowest FSE value at 1*68 was obtained 
for raw horse gran a akin nilk (Diet X) and this value was 
significantly lower than all ether PKR values* Sprouting 
increased the PKR value te 8*09 whereas addition ef nathionine 
alone te raw horse gran raised the PER te 1*93* Addition ef 
nethlenlne to sprouted horse gran increased the PKR value 
to 2*97 vhieh was further increased te 3*09 by adding eystine 
as well, this value is slnllar te those PKR values reported 
for skin nilk 3,08 te 3*26 (Devadas jjt 1970),

Xn the ease ef green gran, raw green gran had a 
PKR value ef 2*i0 and sprouting increased It to 2«%1* Addition 
ef nathionine to either raw or sprouted green gran increased 
the value of PKR te 2,90 and 2*80 respectively which were net
significantly different. Addition ef cystine along with 
nethlenlne though increased the value te 2,70 for raw green
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graa ♦ ski* silk and 1.62 for sprouted green gran ♦ akla nilk 
supplementation with aothlonlno aloao scans to ha aora 
haaaflelal. It aajr however ba pointed oat that alnea no 
statistically aignlfloant diffaranooo wara obtainad for Diets VII 
and Till (Sprouted horaa graa a Ala allk a aothioaina and 
spraatad haraa graa a akla ailk a aathionlna a cystine res­
pectively) aapplaaantat&on with neth-io.nlne alana could wall 
halp to incraaae tha PER for boraa graa.

Vhan PER walaao ara aoapared with walght gains, 
it is evident that to soaa extent tha Slats Till, VII, IX and 
XX which rankad to ba hawing statistically nan significant 
diffaraneas la PIR values also proaotad walght gains,which 
wara statistically non sighlfleant. Again rats fad Slat X 
(raw horse graa ♦ akla ailk) which had tha lowest PER had also 
a lower protein intake and subsequent lower weight gain.
Studies in tha literature by Kakadu and Brans (1965)• VIJaya- 
lakshai (1969) Alyar and Sreenlvasan (1978) and Onajiai, Pond 
and Krook (1976) Show that addition ef aathionlna of eu|phur 
containing aalno aeld lnproras the PER values of laguna in 
general. Xt has also bean pointed out by Subbulakshnl al 
(1976) Babu (1976) and Oanesh kunar and Venkataran (1976) 
that uprouting of lagunas has a beneficial affect in inproving 
the protein quality. Tha results obtainad in tha present 
investigation ara in tuna with tha findings in tha literature 
for ether pulses.
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The fact that sprouting lnerataaa the protain 
qulity nay be ascribed to differences In the aaino aold 
pxafilas which eight further ha enhanced by the add it lan of 
the first Uniting anlno aold aethlonina and it la raeoamended 
that farther analysis af the anlno acid profiles af these 
sprouted grans nay prove beneficial* Zt la also possible 
te hypothise that in the raw state* both hares gran and green 
gran, particularly horse gram nay have sone antinutritlonal 
factors intervening with the utilisation of the protein er 
Is It due to the bulk er fibre ef these lagunas In their raw 
state which night have played an obstructive role* Again* 
the carbohydrate ef these legunee* specially that ef horse 
gran night have a rale te play in its interference with the 
utilisation of protein* These areas need farther exploration*

B Hepatic welxhti
The naan hepatle weights ef the rata fed the 

different diets along with the statistical appraisal are given 
in Table VI. The individual values ef the sane are presented 
in Annexure V*
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MaxImum IItuf weight of 5* l7<̂ «a> roeordod by rato 
fod Blot VII;rat* fed Diet XI ranked next (5*16 g), Rate fed 
Diete YIXX and XX fallowed with a man hepatic weight ef 
4.75* end 4.25g. respectively. All the ether diete ranked in 
the deeeendlng order as fellowei 3*93g» 3.86g, 3.67*, 5*43g,
3*59g» 3.36g, 3.27* and f.20* respectively for Diete X, XXX*
VI, XV, XX, V, X and XXI. Rate fed Diet YXX containing 
eprouted horee gran ♦ akin Milk ♦ nethienlne had regletered 
elgnifieant higher weighte which were oonparable to that ef 
eprouted horee gran ♦ akin ullk + nethienlne ♦ eyetlne (Diet YXIl) 
but significantly euperlor to that ef all ether diete* In thie 
criteria again, the dicta Diet YXX, XX, YXXZ and XX which 
had been ranking in the forefront for all ether criteria eeea 
to be alMoet haring potency in pronoting hepatic weight which 
arc algnlficantly higher than that ef rate fed all ether diete 
in thie experluent. This again epeake well ef the effect ef 
aprouting and addition of nethienlne in augnentlng^sources*
V fetal hepatic nitrogen and nitrogen per gran ef the 

liter souplei
The nean hepatic nitrogen and nitrogen per gran ef the 

liver eanple are given in fable YXX and the cerreepending 
individual valnee given in Annoxure V«
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Tb« highest hcpatle nitrogen woo obtained by rate 
fed Biot XI (i8i.69og) and noxt ranked those fed Biot VII 
(i57»73ag). Most oano in the order, Biot Till (115,0% ng) 
and .Diet XX (113.36 ng). Other diets ao far ao the total 
nitrogen lo concerned nay bo ranked ao Biots XIX, X, VI, V,
XXX, XX and X (with neon hepatie nitrogen eontents of 106.l6ag, 
103,80 ng, 9?*69ng, 9%.l6ag, 8%,5lng» 83*%7ng» 83.2%*g, 
and 75*64ng respectively.

When nitrogen per gran of the llrer sanplo was 
oonsldored Blot XX (31«73ng) ranked to bo the best with 
significantly higher retention over that of rats fed all other 
expertnental diets. Next ranked Biot VXX (with a hepatic 
nitrogen per gran of llrer sanplo of 27.*8 ng,) There was 
no significant difference between the Biots X, XI, XV, VX 
and XX when nitrogen per gran of the llrer sanplo wae considered 
as also these between rata fed Biots XV, VX, XX, XXX, V and 
X and Blots V, X, XX and VXXX, Blot X however was again the 
least efficient la pronoting nitrogen retention ef the llrer 
as well.

Sprouted horse gran and green gran snpplenented with 
skin nllk and nethlonine ranked significantly superior to 
the ether diets in inproring the total hepatic nitrogen and 
this higher hepatic nitrogen is partly due to the higher hepatic 
weights of the aninals fed the sane diets. Bevadas || al 
(1970, 1978), Chandrasekhar (1975, 1976) hare reported
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that tha liver weights vara proportional to tha body weights. 
Tha results of this study alao indlaata tha aana trand on 
hopatio weight gain on eoaparlson with body weight galna.
Addla sX (l9t0) Henry || gji (195&I 1961) and Kawatra 
(1970) have observed llnaar ralatlonahlp between hapatla 
nltrogon and protain quality, Tha hlghor tha nltrogan reten* 
tloa In tha liver* bettar la tha pratoln quality of tha diet. 
Zt aay bo that rata fad oproutad horaa graai and graan gran 
when anpplaaentod with uethionlne whloh had raglatarad battar 
total hopatio weight and nitrogen aa wall whan eonpared to 
tha values for all other dlota la because thla aproating 
and aapplanantatlon hare inproved tha anlno aold pattern 
of thaao dlata with oonsaquant quality laproyenant.
• Apparent dlaastlbllltn

Tha naan Apparent dlgeetlblllty oo-efflatants of 
tha It axparlnantal dlota along with tha atatlatleal appraisal 
are presented la Table VIZI and tha details of tha aana given 
In Annan re VI.
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The tbIm s  fer Apparent digestibility of tho dloto 
ranged fro* 60 to 84 with diet XI (sprouted grooa gra* ♦ okl* 
■ilk ♦ Methionine) haring the highest valve and Hot Z 
(raw horse gra* ♦ ski* *llk) haring tho lowest rains. Tho 
apparent digestibility eo-efflelent of Slot YZZ (Sprouted horse 
gra* ♦ Ski* *llk ♦ nethlonlne) was 81 while those of diets 
XII and IT wore 79 and 78 respectlrely. Statistical analysis 
indicated that the Apparent digestibility of the Slots XZZ 
and IT, Diets Till and III, Slots VI and X and Slots X and V 
were not significantly different while tho raises for all 
other diets wore significantly different aaong theaselres*

Pulses, 1* general. In tho raw for* hare boon 
reported to hare lower digestibility and Eay (1969, 1970) has 
specifically pointed ont the waxy low digestibility of horse 
gra* In Its raw and autoelared ferns. Burr (1975) points 
ont that their digestibility is sonewhat Halted since net 
all their nitrogen is absorbed fro* the Intestine Into the bleed 
street* in the raw for*. The digestibility raises for *any 
of the palses are rather lew in comparison with those for 
whole wheat (91) and rice (98). These results suggest that 
a eoneidrable portion of pulse protein Is net hydrolysed in 
the dlgestlre tract into anino acids lor absorption into the 
bleed strea*. In the present lneastlgatlon also, raw horse 
gra* ♦ ski* *ilk has been found to hare Hie lowest Apparent
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digestibility and that sprouting s«eu to have improved 
slightly the valtts in both horse gran and green gran* As 
pointed eat by Li oner (1962)* Aykroyd and Doughty (196*),
Kaktda, 91m and Liener (l970)» Manor and Pond (1971) Ovnsn and 
Danish (1972) Onajeni, Pond and Krook (1976) sprouting has 
a beneficial effect in inproring the Apparent digestibility 
ef pulses and the findings of this study further substantiate 
the sane* Woods e£ al (19*$} Russell al, (19*^1 Lehre $
(19*$} Richardson, (19*8); Xaffe,(l9*9); Bressanl et (196$}
Kakade and Brans, (196$) and Ray, (1969) hare snphasixsd that 
supplenentatlon wltb nethloulne inprores protein quality ef 
lcgunas. The present study also evidences lnproreaente In 
the Apparent Digeetiblllty values and protein quality when 
both raw and sprouted grans were supplemented with nothlenlne 
whleh are obvious. Zn Diet XI where sprouted green gwan ♦ 
skin nllk ♦ nethlenlne and Met VII (sprouted horse gran ♦ 
skin nllk ♦ nethlonlne) Apparent digeetiblllty values ef 
8% end 81 were obtained. These valnee are olnllar to those 
reported for vegetable protein Matures by several workers, 
where In a eereal, pulse and ell seed eonblnatlon has given 
the Apparent digestibility values ef the range 77 to 82 
(Chandrasekhar, 1978 and Devadaa st 1973) This pronea one 
to epeeulate that sprouting ef both horse gran and green gran 
and supplenentatlon with nethlonlne or other food protein
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high in M t h l M i M  wild bar* a loiplMintarjr affect on pulse 
proteins sad would lielp evolve tetter aaino acid profiles 
in the farnalation of lav seat localIf acceptable foods and 
recipes.

Proa the foregoing discussion, it la evident that, 
when all the indices eraloated in this investigation are 
considered, sproating and sapplenentatloa with aethioniae in 
both horse gran and green gran have a significantly beneficial 
effect in iaprovlng the protein quality ef these paftso proteins. 
This eoabiaation ef sproating and nethionine sapplencntation pronot< 
ed higher weight gains, better nitrogen retention in the liver, 
registered higher PER valnea and better Apparent digestibility 
co-efficients. Row horse gran + skin nilk seen to be the least 
desirable in its protein quality and even after sprouting the 
protein quality Judged iron all parameters does net seen to 
be enhanced. In spite ef having 5 per cent protein fron 
akin nilk both in the raw and sprouted ferns, horsegram does 
not seen te have lnproved in its protein quality and this 
raises the question of the high fibre content ef this pulse 
and its consequent Interferences with digestibility and 
absorption ef protein and also the possibility ef the presence 
ef anti-nutritional principles coupled with the possible varieties 
ef carbohydrates in the milso. These areas provide an 
interesting opportunity for further investigation.
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Aa far aa itaa gram gran la conaarnad, tha raw 
foru, In apita af 5 paraant akin nllk, doaa not aaaa to 
bar* any banaflalal outeono on pro tain qulitf. Sprouting, 
howavar though hawa not had any algnlfleant lupaat on growth 
promotion and nitrogan ratantian aaana to hawa luprorad tha 
dlgaatlbility conaldarsbly. In ganaral, raw or • proa tad groan 
gran aupplanantad with akin nllk and nathlonina aaaa to hawa 
battar potantlala whan conparad to bar so gran. Supploaenta- 
tlan with eyatlne doaa not aaam to Jurther anhanea tha 
protaln quality awar and abowa that of nathlonina aupplananta. 
tlon alana. Thaaa raaulta laad ana to conaluda that uprooting 
of both horsa gran and graan gran and supplanantatlon with 
nathlonina at Q.5 par aant has aaapa af ingrowing tha protaln 
quality* Further rasearah to atrangthan tha lnfomatlon an 
tha poauibla obata^laa af protein quality in thaaa lagunaa 
in raaonnandad to augnant Infonation on proaaaalng taahnlquaa 
af auah connonly conaunad lagunaa and popularlnation af auah 
proaaaalng for tha battar faadlng of hunan papulation*



T SUMMARY AND CONCLUSION

The ala ef tills lamtl|atl«a was to evaluate the
Q ndL g rttn  g r a n iprotein quality of horse gran s In the raw and sprouted 

terns end by eupplenentlng with sulphur containing aalno aelds 
on albino rats. Zn order to arrive at the tine needed for 
sprouting, horse gran and green gran were sprouted at It hourly 
Intervals far 60 hours and the sprouted sanples were analysed 
far ptobeln, ealelun, iron phosphorus and aseorble acid 
contents* A sprout length ef t to 1.5 en at JO to 36 hour 
Interval was found to be the aost acceptable edible length 
and hence was chosen far protein qulalty evaluation.

Twelve diets were planned at 10 per cent protein 
level using the t legunes both In the raw and sprouted forns. 
The diets were so fomnlated that 5 per cent ef the protein 
cane fron the legune and the ether 5 per cent fron skin nllk* 
Tims while raw and sprouted horse gran and green gran,along 
with skin nllk as the protein coaponsnt constituted h diets, 
supplenentatlon with 0.5 per cent nethlonlne and with 0.5 
per sent nethlonlne and with 0.5 per cent oystine&both the 
raw and sprouted horse gran and green gran respectively 
constituted the ether 8 diets. Thus la all It diets as given 
below were foraalatedi*

Diet I ~ Saw Morse gran plus skin nllk
Diet XI - Sprouted Horse gran plus skin nllk.
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9i«t ZZZ - Raw Green graa pin ikla illkDiet IV - Sprouted Green gram plus ikii ellk
Diet V - Raw Horse gram plus skin ellk plus 0,3per eent aethlonlneDiet VI - Raw Horse graa plus skin allk plus 0,5 per eent aethionine plus 0*5 per cent 

cystine*Diet VIZ - Sprouted Horse gran plus skin allk plus 
0*5 percent aethlonlneDiet VTII- Sprouted Horse graa plus skla allk plus 0*5 per cent aethionine plus 0*5 per eent cystine

Diet ZX • Raw Green graa plus skia allk plus 0*5 per cent aethlenlne
Diet X • Raw Green graa plus skia allk plus 0*5 par cent aethlonlne plus 0*5 per cent cystine
Diet XZ - Sprouted Green graa plus skia allk plus 

0*5 per eent aethlonlne
Diet XII - Sprouted Green graa plus skia allk plus0*5 per cent aethlonlne plue 0*5 per cent cystine*
The planned diets were Ted te a group ef 10 weanling 

aale albino rats each, over a period ef 28 days* Weight gain, 
food and protein Intakes, Protein efflelenty Ratio, Hepatic 
weight,Hepatic nitrogen and Apparent digestibility ee-efficient 
were the criteria used for eraluatiea*

The findings reveal thati
1) There was no difference in the protein, calelua, iron and phosphorus contents of both horse gram and groen gram In the sprouted fora whon coap&red to that of the raw font* Ascorbic acid content on the other hand Increased to an aaount ef 200 per eent at the end ef 60 hours sprouting
2) The aean body weight gains ranged fron 37*7tg. to 

88*49 g* with rats fed Diet VII haring the highest



63

Might gain and those fad Dlat X having tha laaat weight gain. Tha dlffaranca In tha weight gain af rata fad Diet VII, Dlat XX, Dlat VXIX, and Dlat XX|
Dlat VXIX, Dlat XX, Dlat X, Dlat XXX, Dlat VX,Dlat XV, Dlat XXX,-and between Dlat X, Dlat XXX,Dlat VX, Dlat XV, Dlat XXX,Dlat V and Dlat XX vara not statistically significant, whereas tha walght gain af rata fad all thasa dlats wars significantly higher than that af Dlat X.

3, Tha aean food Intake af rats fad tha different diets ranged froa 187«89g (Diet X) to 310.38g (Diet XX) while tha protein Intake ranged froa 18,7g (Diet X) to 31.* g (Diet XX) Tha dlffaranca in tha protein Intakes af rats fad Diet XI and VII thosgh not signifi­cantly different hatwaan each other, ware significantly higher than that of all other diets, Tha protein Intake of rats fad tha other diets ware not significantly different froa each ether.
4.The highest flk rains af 3,09 was registered hy Dlat VIII which was not significantly different froa those mines obtained far Diet VII (2,97), Dlat XX (2,90) and Dlat XX (2,20). The P R  mines for the other diets In tha decending order ware 2,70, 2,62,2.46, 2.41, 2.10, 2.09, 1,93 and 1.68 respectively for Dlats X, XXI, VX, XV, XIX, XX, V and X, Tha least PBR ralua was obtained far Diet X (l.68) which was significantly lower than that of all other diets,
5, Significantly higher hecp&tle weight]were registered by rata fad Dlat VII (5.17) and Dlat XI (5,l6g) respectively. Next in the ardor of hepatic walght cane the rats fad Diets VXIX and XX haring valuesaf 4,73g, and 4,25g. respectively which wore not significantly different frost each other, Tha lowest hepatic walght was registered by rata fad Diet XXI (3,20g), While there was no significant, * difference between tha hepatic weights af rats fad D*ets VII, XI and VIII, thasa ware significantly dl ffaraat froa those of rats fad all other dlats,
6, Total hepatic nitrogen and hepatic nitrogen par gran af the liver aaaple ware higher for anInala fed Diet• XI (181,69 ag and 31,75 ag respectively) which ware significantly higher than those of rats fad all ether diets. Rats fad Diet VXX with a total hepatic nitrogen content of 157,73 ag, and nitrogen per gr&n
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•f the liver m p l t  of 27, kB mg.ranked nut and 
thee* values wsre also significantly higher than those of all other diets. Rats fed Diet X, with a 
nitrogen per gran liver sample, of S9.79*f« ranked last and Diet X was the least efficient in pronoting 
liver nitrogen retention.

7. fho highest Apparent dlxestibllity co-efficient was obtained by Diet XX (SbJ and the lowest Apparent digestibility oo-officient by Diet X (6i). The difference 1st the Apparent digestibility eo-efflcient of Diet XX (8b) was significantly higher than that of all diets with Diet VXX (82) coning next, which was also significantly higher than those of all other dints. There was no significant difference between the Digestibility co-efficients of Diets XXX and TVi Diets VXH and XXX. Diets VX and X and Diets X end T while the Apparent digestibility co-efficients of all other diets were significantly different.

The results of this Investigation indicate that,
Judged fren the parameters of weight gain, food and protein 
intakes, Protein Efficiency Ratio, Hepatic weight and nitrogen 
and Apparent digestibility, Diets TXX and XX which had sprouted r 
horse gran and green gran along with skin ullk and 0.5 per cent 
Methionine as their protein components had greater potential 
ever that of all ether diets. Judged from the indices of this 
investigation raw horse gram and raw green gran seen to he 
less effective in growth promotion In spite of skin ullk 
supplementation at 5 per eont level. Sproating however seems 
to have improved the Apparent digestibility in both horse Rrara 
and green gran, which wee considerably Improved with green 
gran. Supplementation with 0.5 per cent noth nine in the raw 
form for hero# gram dote not eeou to ho beneficial hat in



9 famg n w  «n m  to bo tolerable. Supplensntstlon of iproittd 
hirst gram and croon gran with 0*5 P*r lint Mthionini so one to 
bo tho aoot beneficial, while a further supplementation with 
0.5 per oont eyitlni doos not ooob to lnprove tho protola 
quality any forth or.

Thooo observations snggoot that oprooting of graaa 
and ampplonontatloB with tho first lintting anino Mid,
BSthionino improves the quality of thoso logaaos and raise 
it on par with that of skin silk in its PBh raises and siallar 
to those of vegetable protein sixtans in their Apparent 
digestibility. This observation loads os to have a farther 
probe into tho potentials of sprouted grans, connonly used 
for hunen eonsanptIon and opens up now possibilities of utilising 
snob staple hone-scale processing techniques In enhancing the 
nutritive value of eouMon nan’s food. Further, this also 
offers scope for soaplenentlng uethionine rich foods available 
at low cost to each processed leguaes. thereby giving nore 
■cepe for varietty at no additional csat. but enhancing the 
nutritive value sf the tonson dietaries. These areas need 
further investigation.

*9
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Composition of the Mineral Mixture (n/lut)

Potassium dihydrogen phosphate
Calcium carbonate
Sodium Chloride
Magnesium sulphate
Ferroas sulphate
Manganous sulphate
Potasslum iodide
Sine sulphate
Copper sulphate
Calcium chloride

595.0
591.4
155.5 
57.5 
27*0
4.010
0.790
0.549
0.477
0.050

Composition of the vitnmin

Tit an in A (menadione) 
Thiamine 
Riboflavin 
fyridoacine
Oalelua pantothenate
Niacin
Choline
Inositol
P4ra amine benzole acid 
Titamln bn 
Biotin
?elie acid

■l»tar« (Amt./* of «o»» »t«rcM

• 0.5 eg
- 0.5 mg
• 1.0 ng
• 0,4 mg
• 4.0 mg
• 4.0 mg
• 200.0 mg
- 25.0 mg
- 10.0 mg
• 2 meg
• 0,02 mg
• 0*2 mg
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