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PREFACE AND
 

ACKNOWLEDGEMENTS 

The PAG has frequently emphasized the need for improvement by agrictil
tural and gencetic means of the nutritional value. and particularly the protein 
componen t , of staple food crops. Recently, the Group proposed that greater 
research effort should be devoted to upgrading the food legumes, which are 
major protein resources ill imany developing countries. Fle urgency for improve
nient of food protein crops is exeuplified in India by tlhe fItl hal the (;reen 
Revolution. which stimulated wheat prodncuioll there in a remarkable way. has 
not provided similar elmphasis to tile leuuMes. Whose lilniled yield potenlial 1rud 
low agricultural prolitabifit\ provide little comparable economic incentive for 
increamsed pIILicUtiolu. A., ;1cousequenuce. their availabilit, as imporl:u ll rali
tionaf proteill supplemlents it Irudiall cereal diets hlas :ltltallv decreased. Accold
ingly. tile PN(; Scc lau iat. kkilh ilhe coopertionl oI ,,eVerll govelulleliets and all 
internati:l fIoundlation. as well :s Mill fill participalioll of the Secreu:lrials f 
tIle hood :111d Ai ricIuluu' ()r,,llti/alioulm mile Interllliolnal Atomiuic I1:etuy 

Agency. :Mrd tIe TCClthicJl . dvinorv (Commitlee (f tlme Consllt:live Group oln 
Internuational Aericulimrlal ReC:nclh. collVueld ill tiil 1072. it the I:o Miand 
Agricultu,. .)rgmi/mtiom in Rom. rml invitational syvnposilm onill ilmlrili lal 

imlllprovemtent of food legmnes hy' hreeding. 
fi tile coulrse of, this mlectill aIgrlomp of' ill lerll:t1io;llv recogni/ed :lglilli

nists, plallt rceders. gelmlicisl', mlulliliollists, bioclerumists. aIlld food ,Cielists 
reviewed the latest scientific and technical evid, lice teg:lrding iot only thIe nutri
tiOnlal :and fOId-iS. dIef'iciencies of tIe f1ood lovumllles iut also aspecls of 111:11n 
physiology, palioloh . and production technology which must be iackled if a 
breakthritorgi in terms of' increased yield, better nutritional quality. arid 
improved consumer acceplaince is to be achieved. Specifically, the agelda was 
designed to identify informalionl Needed 1or ;cliieviulg the following, six objec
tives for food legume impl ovemerul: 

I. I ligher protein levels and bette Mllnilmo acid profiles. 
2. Reduction of, toxic colnsituellt1. 
3. Reduction of flalulence factlos. 
4. )eveloptment of' improved processing mil coisumuter acceptance character

istics. 
5. Identification of screening methodology usefil to plmt hreeders f'o 

measuring relevant chelmical, hiO crerricA, nlutrilitiOual. and toxicological fictirs. 
6. Expamnsion of research efforts in tIre areas listed as well as ill those related 

to cop yield and prodtictivity. 
iii 



In this report of the meeting, the prinary papers dealing with each of these 

topics are followed by a record of the discussion which ensued and recommenda-

Iii addition, because of tin'e limitations during the
tions for needed action. 

from various
meeting, a group of supplementary papers was solicited afterward 

authorities, in order to round out some of the agenda tcpics. 

In a related development, the PAG ad hoc Working Group on Guidelines for 
the recom-

Plant Breeders met immediately after the Symposium. It took up 
Statement (No. 22) titled

mendations developed there and drafted a PAG 
the Improvement of Food Legumes".

"Upgrading IHuman Nutrition Through 
later approved by PAG and also published herein, defines

This draft statement, 
or of methods for plant

desirable objectives and provides a guideline man::,i 

breeders seeking to introduce in to their legume-breeding programs recommended 

procedures for achieving nutritional and food-use improvement in these crops. 

the of the followingT1he PAG and its Secretariat acknowledge assistance 
the ad hoc Working

organizations which co-sponsored the Symposium and 

Group: 

The Rockefeller Foundation 
International Development Research Centre
 

Overseas Development Administration (U.K.)
 

Agency for International Development
 

International Maize and Wheat Improvement Center (CIMMYT)
 

Campbell Institute for Agricultural Research
 

Swedish International )evelopment Agency
 

International Institute of Tropical Agriculture
 

to Dr. Lewis M. Roberts of the Rockefeller Foundation forWe are indebted 
a d for serving as Chairman of the meet

assistance in planning the Symposium 

ing. 
Members of the PAG ad hoc Working Group included Dr. M. C6p&de (Chair

man - also Vice-Chairman of the PAG), Dr. Ricardo Bressani, Dr. K. J. Carpen

ter, Dr. J. F. Kelly, Dr. James McGinnis, l)r. Irvin E. Liener, and I)r. K. 0. 

Rachie. United Nations staff participants included Mr. P. Oram, Mr. M. Jalil, Dr. 

Dr. G. D. Kapsiotis (all of FAO), Dr. B.Sigurbjorn-Bruce Nicol, Dr. P. Lunven, 
Beresteyn (PAG Secretariat).sson (IAEA), and Dr. M. Milner and Miss E. van 

"Fhe help of Mrs. Ilelene Jordan of The Rockefeller University in editing these 

proceedings is appreciated. 

Max MilnerRoom A-606 
Scientific SecrcfIaryUnited Nations 

Protein Advisory GroupNew York 
of the United Nations System 
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WELCOME 

Juan Felipe Yriart 

It is my pleasure to welcome you to tile Food and Agriculture Organization 
on behalf of tihe 1)irector-General. It isa SOurce of satistaction for our Organiza
tion that so manfy distinguished leaders in plant research and genetics, as well as 
in biochemistry and nutrition, are assemlied here. We appreciate the initiative 
taken by the Protein Advisory Group. with whose efforts and work FAO is 
proud to be associated, in bringing this group together to focus on l'ood-legime
research in the vital area of improvement of tlie nutritional and food qualities of 
these important food crops. We understand that certain foundations and bi
lateral agencies have provided sponsorship and assistance to this Synposium, and 
we express our warm gralitide to them, as well. 

In this work, FAO places high priority oi tihe rCed to irliprove tile quantia
live and qualitative characteristics of tihe protein component inidiets of tile 
developing countries. 'rite total protein available in tile world today, in relation 
to global needs, and tile edible proteinproblerms of' quality and distribulion of 
resources in many developing countries parlicularly interms of tie needs of 
vulnerable groups -- we call the "protein problem." It is a Inainm concern of FAO, 
which assigns one of its six main Areas of Inphlrasis to the consideralion of these 
problems and the lrorlotion t;linternational cooperation toward Iheir solultioll. 
Within this framework, as expressed inour close involvement with the work of 
the Technical Advisory Committee, which coun1sels the Consultative Group oil 
Agricultural Research, we are convinced thal improvement of both grcater yield 
potential and nutritional and food-use qualities of' Iood legurires have been ne
glected too long. We firmly believe that these protein-rich crops hold great 
promise in meeting Ire protein reeds of tile vulnerable groups, and that ex
panded research to these ends are of ile higiest priority. 'Fire Technical Ad
visory Committee and we in FA0 eagerly welcome tire result sof your delihera
lions and recommendations, and file floirStalement tile PAG oniimiritional 
guidelines for plant breeders that will f'llow. 

We wish you every success in your efforts. l)o not hesitate to call on my FAO 
colleagues and myself for airy assist:n ce vll mIay need in your work. 



OPENING REMARKS OF THE CHAIRMAN 

Lewis M. Roberts 

To initiate this Symposium on tile Genetic Improvement of' Food Legumes
by Breeding, I wish to express to each of you my personal greetings and towarm 
extend to you on behalf of all the sponsoring agencies a most cordial welcome. 

When I was invited to serve as the general chairman of this conference, I felt 
honored and pleased to accept for several reasons. The subject is both importanlt
and timely. I very much appreciate the important contributions the United 
Nations System through its various family members, especially ile Protein 
Advisory Group, is making in helping to overcome protein deficiency. There is a 
growing awareness that tile protein deficit in the world as a whole is a critical 
and worsening aspect of the !otal food problem, and is going to b one of the 
most diffiLttlt to overcne. 

I would like to express genuine appreciation on behalf of all of us who are 
here not only to the PAG Secretariat, but also to the sponsoring agencies. These 
include - in addition to WIHO, FAO, UNICEF. and IBRI), which directly sup
port the PAG - the International l)evelopment Research Centre of Canada, tie 
United States Agency for International Development, the British Overseas )evel
opment Administration, the International Atomic Energy Agency, the Swedish 
International Development Agency, The Rockefeller Foundation, and support. 
ing companies and institutions.
 

I should like to say just 
a few wo,'ds about tile genesis of" tlis meeting. The 
PAG, at its ineet-ng in December, 1971. approved a recommendalion presented 
in a document prepared by FAO, the International Atomic Energy Agency, and 
the PAG Secretariat, to establish an ad hoc Working Gioup to develop "Nutri
tional and Food-Quality Guidelines for Plant Breeders." Tile recent progress in 
increased production of wheat, rice, and maize in several developing countries 
has been spectacular, and has raised hopes that similar advances may soon be 
possible with other crops. Also recently there has been a significant expansion
and acceleration of research efforts to improve the nutritive quality of the major 
cereal crops. This has been given strong emphasis by the discovery of opaque-2
high-lysine corn. In general, things seem to be moving well on the major cereal 
front. No so, however, with another group of' crops that are of great potential
importance in helping to overcome the protein deficiency problem. I refer, of 
course, to tile food-legume crops. 

It was decided, therefore, that the initial attention of the ad hoc Working 
Group would focus on the food legumes. It was further decided that the deliber
ations of the Working Group would be preceded by an infoimal, but intensive, 
symposium on "Nutritional Improvement of Food Legumes by Breeding," in 
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a siall, select group of plant breeders, nutritionists, and biochemistswhich 
familiar with the problems involvcd would participate. 

The value of this meeting will be judged largely by the quality of the publica

that comes out of it. Recently the nunber of scientists - and also nonscien
lion 
lists - who are interested in helping to increase production of the food legumes 

has been growing rapidly. Many of these scientists could have made a real con

to this meeting had it been possible to acconnodate then and to pay
tribution 

are deeply obligated to produce a publica
the expenses of getting them here. We 

tion from this meeting that will be a real stinmlus to action and a real help to 

who will become engaged, it practicall ictions that will
those now engaged, or 

iri increased production and utilization of the principal food-legumne crops.
resull 


It is indeed heirtening to see the increased interest and attention that is being
 

given to the food-legune crops. Their importance in helping to overcome the
 
of the U.S. President'sprotein deficit prob!eln was stressed in a 1967 report 

ti'te World Food Problem, in FAO's IndicativeScience Advisory Committee on 
it a statetent issued by

World Plan lor Agricultural Development in 196), and 

the PAG in the spring of 1970, which included the recommendation that "more 

of crop varieties havingattention he given in agricultural programmes to the use 
These should include notpotlential for higher anountis and quality of proteini" 


only cereals but also grain legumes. You have probi)ably also seen the "Strategy
 

Statement on Action to Avert tile Protein Crisis ilt the Developing Countries,"
 
all over the world at a meeting sponsor,;d byprepared by a panel of experts froin 

which strongly eiphasized thethe United Nations in New York in early 1N71. 

role of food legumes in helpin g to solve tile protein problem. 
16 of the heads of some of the major internationalIn April, 1969, about 

assistance agencies met informally at Bellagio. Italy. to discuss how their organi

to help the human race feed itself better.zations might work in closer concert 
This group, which came to be known as the Bellagio Group. has met alually 

since the first meeting. and it has expanded and evolved into a somewhat niole 

formal bodv llial is nlow niamlued the Consultative Grou p o1 hItternational Agricul

are now about 30 members in the CG. includingtural Research (CG). There 
institutions such as the World Bank, FAO. the Inter-Americanmirlaiolual 

Development Bank. goverllilent foreign assistance agencies, and private fouida

tiols. The World Bank is providing a perlmanent secretariat for the CG at its 

headquarters in Washington: the secretary isMr. Ilarold Graves, who was itvited 

to this meeting but, regrettally, was tuable to accept. 
Advisory CommitteeThe Consultative Group has appoin ted a Technical 

(TAC) of 12 leading scientists ii agriculture from different regions of the wori'I. 

FAO is providing the perranent secretariat for TAC, and the secretary is Dr. 

Peter Orai, who iswith isat this meeting. 
1970. the Bellagio Group requestedAt its second mteeting oti February 3-5, 

that five papers be prepared on areas or problems of special interest to the 

Group. One of these was onl food legumes and what tiight be done to improve 

the efforts to increase their production and quality. I was given the assignment 

of preparilg this paper, the main reconienda tions of which are under active 

consideratioiln by the TAC. 
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I have taken a little tinlie to give you tiis background infforn tion because Ifeel that it has a significant and direct bearing on the character of our meeting.Things are beginning to htappen on tie food-legule fron, and I ami conIfidentthat now that the initial inertia of neglect of these crops is being overcome,efforts to increase their production and improve their quality will gain momen-

Undoubtedly, the plant breeders, working with [lie agronomists, tie physiolo.gists, the pathologists, and the entomologists, will be able to develop higher.yielding varieties hii will respond well to improved cultural practices and willhave a higher level of genetic or n:atural resistance to diseases and insects. Increasing yields, which are now miserably low, must take first priority. Of alhoslequal importance, however. is tile challenge to ilprove he mltritive value ofthese legumitlous crops, to overcotne tie deleterious nutritional factors that are common in the faumily, and to find ways to improve their cooking, processing,
and consutlier-accept artce characteristics.
 

Tie practical solutions to these nutritive problems 
 ill tile food legumei, andin other crops as well, will come mainly fron tihe field plots of the plantbreeders. Bit tle breeders need a lot of backstopping front tie nutritionists andbioclemtists to arrive at solutions. In other words. :a interdisciplinary teamapproach is required. This is tie reason for tie mix of plant breeders, nmiltrititnists. and biochemists that has been brouglht logether for tlis meeting.

Let me suggest that we set 
 for ourselves the following objectives for tillsmeeting: (I) define the status of our present knowledge for eaich of tie topicsand subtopics that %%e will Ireat: (2) relate in clear and simlfle teuns tow' tiheexisting knowledge can be pul to greater and more effective practical use tosolve the nutritional niobleuts of the food legumes: (3) idelif, g:ps illknowledge; and (4) make recommend:ations 

this 
as to how ihese gaps might best be 

filled through additional research. 
This is n1o, of COn rSC. intended to be a comlrehensive list. but I hope youagree with me that these should be antong our intin goals. May I empliasiie thatthe primary purpose of the presentatios listed in the agenlda will IIIn he toprovide comprehensive attd historically oriented reviews of the kntoVledge ill tilevarious related fields. I an sore we can safdIv assume that this highly involvedand specialiZed group alreaMdy INs aIgood grasp of such background itn formiatiott.Rather, it sholld be our1 purpose to proVide th1e group, stuccinlctly altd briely.


wilh tie specific infortmation 
 and expert judgmnet nteede to establish tile feasibility of our goals. atnd Wilt) an asse.ssment of' tire procedures. metlhods, 

resources needed to achieve thetm. Iati certain that all of 

antd
 
us WNant very michlt to seeour deliberations and recotmmendatiots lead to positive acliOlls ard psitiveresults aimed at getting imore atd helter-qualitv food legumes into tIte diels ofthose vwho need them. The drafting groups will crystahi/e the imlortant poits illour discussions, and I an confident ihat flte publication to come ott of tlismeeting, alter having been given tIre flinal touches by l)r. Milner aind his staff,will have a significant impact in making more effective the present limited efforts to ilprove tile food-leguttie crops and iii expanding amnd accelerating those 

efforts. 



BUILDING A PROTEIN REVOLUTION 
ON GRAIN LEGUMES 

Norman E. Borlaug 

"Green Revolution" refers to the recent rapid rise in yields and production of
wheat, rice, and maize in a number of developing countries. Those increases haveresulted from the development of high-yielding crop varieties that were capable
of responding spectacularly to such improved cultural practices as better land 
preparation, planting methods, fertilization, weed control, and pest eradication.The high-yielding Mexican wheat varieties were the catalysts in triggering theGreen Revolution. When properly grown by the new technology developed
through agronomic research, those varieties often have ablebeen to increase
yields from 800 pounds to as much as 4,000 to 5,000 pounds per acre. Thisspectacular increase has taken place on imany millions of' acres. As a result, the 
new seeds and new technology, and the restltant high yields, have made wheat 
production highly profitable in such countries as Ihdia and Pakistan. Therefore,many tfariners have begun to shif t to wheat part ofitheir land that formerly was 
grown to grain legunres -- a not unnatural reaction. 

Wheat production in India soared f'rom a level of 12.4 million metric tons in1965 to 26.5 million metric tons in 19)72. The increase in per-acre yields of grain
accounts for more than 85 per cent of the increase in production; the remainder,
however, resulted from an increase in the area sown to wheat, part of which was
diverted from win ter grain legumes (pulses).

Unfortunately, the pulse yields (chick peas, grains, pigeon peas, mung beans,
lentils, peas) remain at a low-yield level, and pulse production is either stagnant 
or dropping. 

Neither new high-yielding varieties of' grain legumes (pulses) nor improved
technology have been developed, so gradually part of the land that once grew
pulses has shifted in winter to wheat and in suniier to rice or maize. 01' course,the reduction in the production of grain legumes is undesirable nutritionally.
Grain legumes are essential in providing the anino-acid balance needed fIornormal growth development and maintenance of healthi in those vegetarian diets 
that depend primarily on cereals and root crops.

What is to be done about this dilenina? 
Governments could increase the price of' grain leguies and so encourage or 

speed tip the production of pulses. Such action would, however, have a twofoldadverse effect. First, the price of' grain legumes, which already are the most
expensive part of*the vegetarian diet, would increase for the consumer. Second,
if the price differential were made great enougl, some land would be shifted 

7 
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back from cereals to pulses without, at the same time, increasing per-acre pulse 

more cereal grains, such a result also 
yields. But as these countries edso need 

would be undesirable. 
is to speed t p the "slow runners" -- the pulses - by

My recommendation 
new technology that will increase 

introducing new high-yielding varieties and 

pulse yields and thereby result in increased production. 

I anticipa ted the dilemma of rapid increases in wheat yields
As early as 1965, 

an adverse, indirect, negative effect on grain-legume and oil-seed production.
and 
In reports to the governments of both India and Pakistan, I indicated that such a
 

would adversely affect grain-legume and oil
on tile cereal frontbreakthrough -that of safflower, cotton, peanut, and rape

seed production for example, 
diets. I urged both governments to launch 

with a concomitant adverse effect on 


aggressive research programs to increiase the yield of these crops. At that time
 

(1 66), I wrote the report to The Rockel'eller Foundation to which DI. L.M.
 

to stimulate research and production of grain

Roberts Ias referred, urging them 


legumes and oil-seed legunies in the semitropics and tropics.
 
-- despite the
 

Grain-legume and oil-seed legume crop research and production 

Roberts, myself, and a few other scientists - remains even 
prodding from )r. 


today the u y duckling (ft agricultural crops. Very little research money is being
 

this diverse group of crops that is so important

allocated to tile improvement ot 

to human diets in the developing countries.
 
of the United Nations named 
 a 

I)uring May, 1971, the Secretary General 
the world protein-de ticiency problem, especially

panel of scieinlists it examine 
methods of alleviation. These 

ill the developing nations. and to recommend 
a report en-I assisted in drafting, were embodied in

recolunnendlations, which 

titled -Strategy Statement on Actio*n to Avert the Protein Crisis in the Develop

itig Coiuntries.- by the United Nationms Secretary General's Panel, May, 1971. 

today as a working group under tile auspices of the 
We ire ruceting here 

to decide whatt action should be taken, if any, to 
Protein Advisory Group (PAG) 

:spect of that report. I refer to tile improvement of grain-legume
implenent one 

points of view of genetic varieties, :gronony, plant
and oil-seed crops trom the 


l)ro ectiott. biochemistry, and nutrition.
 

Research Priorities 

crops can be helpful in
A large nutmber of grain-legume and oil-seed legume 

crisis of the developing nations. Among the grain legumes
alleviating the proteil 

-ire: grain or chick pea ((Ter arietihum); pigeon pea (Cajams cajan);lentil (Lens 
beans (lPhaseolts

escult'ftfa); niting bean (Plhaseohts itingo and I. auruels); dry 

pea (Piston salivtum): lathyrus pea
rtugaris), limna beans (I'hascolhs hnalus); dry 

(Lathlvns .atirts):broad bean ( licia jfzha): cow pea ( Vigna sinensis): and hya

niger). The most important oil-seed legumes also used for 
ciithbean (Lahlb 

or peanut (Arachis It'pogaea)
food, either directly or indirectly, are: groundult 

and soybean (Glvine ma.x). 

The number of species shows the complexity of this problem. Some of them 

or at high elevation in the subtropicsseasonare grown durimig the cooler winter 
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or tropics. Others are grown in the rainy season in only the hot, tropical areas. 
To embark simultaneously on the improvement of all of these species will cer
tainly insure failure. One of the most important responsibilities of this meeting is 
to provide a guide or priority list of the species on which major research shotld 
be undertaken. To establish such a list, we must consider the genetic potential of 
grain yield for the species, its cultural and climatic requirements, disease and 
insect problems, nutritional value, and toxic properties, if any. 

I believe that the research effort should, for the present, be concentrated on a 
few species, as follows: 

1. Two species for the winter (dry) season in the subtropics. 

2. Two species in the heavy rainfall areas of high elevation in subtropicOI 
areas or cool,winter, rain fa',l areas. 
3. Two species for the summer seasons of tie subtropics. 

4. Two or three species for the wet, hot tropics. 

Indirect Benefits of Grain Legumes and Oil-Seed Legumes 

Although today we are concerned primarily with increasing the production 
and nutritional value of grain legumes and oil-seed legumes to alleviate the 
protein deficiency of the developing nations, these crops have several other. 
indirect, beneficial effects oil agriculture. Legumes are syinbonts of bacteria 
that form root nodules. These bacteria can take free nitrogen from the air and 
fix it in plant-root tissue. Consequently, they increase indirectly the level of soil 
nitrogen and this, in turn, increases the yields of cereals that may follow legumes 
in plant rwation. Rotation of grain legumes with cereals also reduces tile weed, 
disease, and insect problems. Grain legumes generally sell at anmuch higher price 
per pound than cereals. Therefore. if the yield of grain legumes can be increased, 
they also will increase farm income. 

Need for Interdisciplinary Research 

Increased yields and rapidly expanded production can be att ained only by an 
interdisciplinary research approach. Each specie or crop must be improved by: 

1. Development of high-yielding varieties responsive to such improved cu'l
tural practices as better (or more) fertilizers, weed control, and nioisttire 
control. The improved varieties must, insofar as possible, be resistant genetic
ally to the major diseases and insect pests. 
2. Development of improved agronomic practices that will permit approach
ing the maximum genetic yield-potential of the improved varieties. 
3. Development of effective measures against disease and insect depreda
tions. 
4. Development of biochemical and biological data pertaining to nutritional 
value and to toxic substances present in the different varieties and segrega
ting lines now being used to develop new crop varieties. 
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biochemist EvangelinaThe excellent cooperation between CIMMYT Dr. 

Villegas and her group (with financial assstance from a UNDP grant) and maize

breeder Dr. Surinder Vasal in the development of "hard-endosperm, high-lysine" 

in demonstrating the great value of
maize populations has been monumental 

must be
close interdisciplinary research. They have set the pattern for what 

done to improve the genetic yield potential of grain-legume varieties and, at the 

disease and pest resistance, and nutri-
Sauiie time, to improve agronomic type, 

fional value. 
Once new, high-yielding, improved, grain-legume varieties are available, and as 

as good cultural practices and disease and insect protection are developed,
soon 
they must be hitched to a vigorous, national, crop.production campaign in order 

a 
to increase production rapidly. Before the production campaign is launched, 

of grain pricing must be established and guaranteed by govern
realistic policy 

assure him a fair return for his investment.
ment to stimulate the farmer and to 

Leads - from CIMMYT's International 
Wheat Program 

L VarietalImproiement 
A. Use a wide genetic base. Collect, study, and use progenitors from through

out the range of species being improved. 

B. Make a large number of crosses to build a diverse gene pool. To achieve 

crosses (between different F, generathis rapidly, single crosses, double 


lioIS), and back crosses all should be used.
 

C. Grow two generations of all 	 breeding materials each year, if possible, to 

speed varietal development.
 

1). Grow segregating populations under a wide range of soil, climate, disease,
 
materials (andand insect conditions. Whenever 	possible, exchange genetic 

the same crops in other parts of the world.visits) with scientists working on 

E. Select for broad adaptation in varietal development. 

to major genetic arnd/or insect diseases as soon asF. Incorporate resistance 

possible. (See Ill A)
 

G. 	 Work closely with biochemists and nutritionists to identify the lines that 

value and to discard those that are undesirare outstanding for nutritional 

able from a fox~c, palatable, or digestible standpoint.
 

II. Agronomic Practices 

A. Develop cultural practices that will utilize the maximum amount of 

genetic yield-potential available in a new variety by manipulating: 

1. Soil fertility 

2. Moisture conservation and utilization 

3. Weed control 

4. Proper ratio of planting dates 



IlL.Pest Control 

A. Develop effective control practices for major insect pests and diseases. 

Conclusions 

I recommend the funding and initiation of a dynamic, interdisciplinary re
search and production program on a few cat fully chosen species of grain 

legumes and oil-seed legtnes. It' the experiences of the CIMMYT wheat arid 
IRRI rice programs are used as a guide or model, if the programs are staffed with 

imaginative, aggressive, well-niotivated scientists, and it'bureaucracy can be mini

mized, I believe that spectacular results can be achieved in increasing the world's 
plant-protein production. 

I am confident that if we act aggressively, great progress can be achieved in 

raising production of protein grain legumes during the next eight to ten years. 
The time has come to stop talking about the need to lhunch programs and to 

concentrate on achieving a self-evident goal. In summary, let us not slow down. 
Let us speed up the "slow runner" arid build a protein revolution on grain 
legumes. 
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LEGUMES IN HUMAN DIETS 
AND HOW THEY MIGHT BE IMPROVED 

Ricardo Bressani 

By now, it is well accepted that supplying adequate amunts of high-quality 
protein to the increasing population in developing countries is not an easy 
endeavor. 

During the last 20 years. various approaches have been impleented. Amtong 
the First was development of foods with a high-protein made fromtile content 
nonconventiolial protein sources. IHlowever. because much work is still heing 
done in this area, such foods contribute only moderately in providing the .,eeded 
protein to small childenit. 

In 1964, the high-protein opaque-2 maize was placed at the disposal of 
countries that use this cereal grain as their main staple food. After some eight 
years, its use by hunis is still relatively small, and its value iii providing better 
nutrition to rural or undernoirished populations has yet to be dernotistrated. 
However, the discovery of opaque-2 maize opened new possibilities in providing 
people with food of higher nutritive valte. 

Not long atter I96,4 a significant incre:ase in cereal-grain prodtcitin was 
initiated in various countries an increase that has come to be known as lie 
"Green IRevolution." Noone can deny the significance of such increase. alhlhough 
recent reports have indicated some negative effects, especially in the production 
of other food crops illsotie countries.
 

During this time. tile
potential of legume grains as sources of greater atnoutnis 
of an improved quality of' protein was often reported. So far, however, only
small and uncoordinated efforts have been made to bring this potential into full 
reality. Today there are many indications that the time for the agronomic and 
nutritional improvement of legume grains has finally arrived. 

This paper attempts to summarize the large volume of literature devoted to 
the nutritional importance of' hears inhuman nutrition -- foods that have been 
chosen as tile to cereal grains since Neolithic times.natural protein suppleenits 

Consumption of Legume Grains 

Reviews of the subject under discussion have indicated that the Leguminosae 
include approximlately 600 genera, with about 13,000 species. Out of this great 
number, only about 10 or 12 are of ectintotmic importance today, if soybeans and 
groundnuts are excluded (Aykrolyd and I)outiglty, 1964). Legune-grain crops 
were domesticated early inhistory in tie major centers where agriculture origin

15 
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ated. Even through legume grains have a world-wide distribution, probably 

because of their unique capacity to fix nitrogen, some have become more popu

lar than others in various regions. For example, Pisurm, Vicia, and Lens esculenta 

are, in general, more popular in the Middle East. In America, Phaseolus ismore 

Far East and Africa, the Indian species of Phaseohs,common, whereas in the 
Dolichos, Vigna, and Ca/anus are of greater importance. Preference for one type 

of legume over another is probably related to the availability of the food in the 

region; in turn, their availability isdetermined by environmental conditions that 
favor higher yields of one over the other specie of legome foods. 

Information on the amount of legume food consumed is tabulated in Table I 
for all countries listed in FAO Food Balance Sheets (1966). The consumption ill 
63 cou:witries was grouped according to the intake of all legume foods consumed 

per person per day. As is well known, these figures are the results either of 

production records or of dietary surveys applied to the whoie population, there
fore, they may lead to erroneous interpretations. Specific dietary surveys, 
however, indicate that bean consumption is high in some countries, as shown in 
Table II. It is obvious that when daily bean intake is high, it provides significant 
amounts of protein, calories, and other nutrients (Aykroyd and Doughty, 1964; 

Stanton, et al., 1966; Bressani and Elias, in press). 

TABLE I 
Legume Intake in 63 Countries of the World 

No. of 
countries 

Legume grain intake 
g/capita/day 

33 2-13 
I0 14-24 

15 25-35 
1 36-46 

4 47-57 

(SumLmarized from FAO Food Balance Shecets, 1966) 

In countries where beans constitute a part of the daily diet, consumption 
starts early in childhood. The results, shown in Table Ill, were obtained from 
dietary surveys carried out in Guatemala. They indicate that bean broth iscon

suned in relatively large amounts by cilildren under two years of age. whereas 
the bean itself' is consumed in only small amounts. As age increases, broth 
consumption decreases and bean intake increases to values as high as 55 g on the 

average. In Guatcmala and other Latin American countries with similar cultures, 
beans are valued for the broth that (,an be obtained by cooking them (Bressani 
and llias, in press; Flores, et al., I1%6). This broth has been analyzed for some 
nutrients, as shown in Table IV, where human and cow's milk composition 
values are also shown. Bean broth islower in solids and calories, due to lower fat 

and carbohydrate content, and in other nutrients. lowever, it is of interest to 
see that crude protein is slighily higher than human milk values. This crude 

protein in bean broth should be characterized in terms of antino acids to deter
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TABLE 1i
 
Legume Grain Intake from Dietary Surveys
 

Country g/person/day 

Togoland 13-140 

India 14-114 
Countries south o1 Salara I0-150 

Guatemala 50 

Nicaragua 85 

Venezuela 89 

Brazil 48 

TABLE III
 
Consumption of Beans and Bean Broth with Respect
 

to Age in Rural Guatemala
 

Cooked bears 
BeIan broth (P. ruh.'arij

Age 9 g 

I to 2 %-ears 28 3
 
2 to 3 years 10 13
 
3 to 4 years 4 18
 
4 to 5 years 18
 
Adult - 51) 

Iront Flores. et al., 1966 

TABLE IV
 
Proximate Chemical Composition of Bean Broth,
 

Human Milk, and Cow's Milk (100 g)
 

Component Bean broth Human milk Cow's milk 

Water, g 92.5 87.5 87
 
Calories 22 67 67
 
Protein, g 1.9 1.4 3.3
 
Fat, g 0.1 3.8 

Carbohydrate, g 3.5 6.8 5.4
 
Ash, g 2.0 1.2 0.7
 
Calcium, mg 12 32 178
 
Phosphorus, ng 15 15 80 
Iron, Ing 0.1 0.1 0.5 

3.6 
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mine whether it is of nutritional value, particularly because it is fed mainly to 

children. As far as is known, such intbrmation is not available. 

Legume foods arc consumed in a variety of forms, but tilemost common 

method of preparation is to boil them in water - with or without the addition 

- for three to five hours at atmospheric pressure. Theyof salt, onions. or garlic 
a paste,-ire then consumed or are processed further by mashing them to make 

which may either be left as such or passed through a sieve to remove part of the 

seed coat. This material is then caten or is pioccssed still further by frying with 

animal or vegetable fat. The changes in nutritive value that take place in these 

processes have been evaluated. The results of various processing methods used in 

Guatemala are shown in Table V (Bressani and IEIias, in press). It can be seen 

that only small changes occur in chemical composition, although the fat content 

in fried beans is higher. as would be expected. Protein quality tends to decrease 

the frying stage. The loss in protein quality is probably duefrom the boiling to 
to a loss in available lysine, which also decreases. 

Other formls offpreparation include fermentation, toasting, and germination. 

Of the three, toasting causes the most significant losses in protein quality. 

Protein Content and Quality 
of Legume Grains 

As has been mentioned before, legumes are noutritionally important anong 

vegetable foods because of their relatively high protein content. Therefore, 

attention is given here only to that parictular nutrient. 

of' edible species of legume grains, with the exception of theProtein content 
and per cent. Thesoybean and groundnuts, varies between 18 per cent 32 

protein is located in the cotyledons and embryonic axes of the legume grain: 

only small amounts are present in the seed coat. The cotyledons contain about 

27 per cent protein, whereas the embryonic axis and seed coat contain 48 per 

cent and 5 per cent, respectively. Cotyledons contribute the largest alount of 

protein, because of their greater weight. Salt-soluble globulins are the pre

dominant class of proteins in seeds of Phaseohs, and some of these have been 

shown to be resistant to hydrolysis by proteolytic enzymes. The presence of 

explanation for the low digestibilitysuch proteins in legume grains may offer all 

of legume-grain protein (Scidl. et all.. 1Q69). 

TABLE V 

Effect of Home Cooking of Bean Preparations in Guatemala 

Processing Ave. wt. 
Available 

lysine Protein Fat 
Crude 
fiber 

product gain, g PER ZII6 g N % 7 % 

Raw beans 0 - 5.83 24.6 1.9 4.6 

Cooked beans 34 1.24 6.30 24.9 0.7 2.8 

Strained beans 37 1.43 6.35 24.0 0.6 1.6 

Fried beans 10 0.87 5.17 17.8 13.3 1.6 

Casein 130 2.73 - -
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In addition to species differences, other factors have been shown to affect the 
content of protein, as well as other nutrients, including essential amino acids. 
Table VI summarizes the results of one study carried out with 25 varieties of 
Phaseohs vulgaris. The protein content ranged from 20.1 per cent to 27.9 per 
cent, and was influenced significantly by both variety and location. Methionine 
varied from 0.17 per cent to 0.33 per cent, lysine from 1.69 per cent to 2.42 per 
cent, and tryptophan from 0.14 per cent to 0.22 per cent. This variation was the 
result of both varietal and location factors, except in the case of methionine, where 
varietal differences were not significant. In this particular study, it was found 
that the intervariety coefficients of correlation between pairs of these nutrients 
were all positive and that a majority of them were highly significant. This implies
that gentic factors that cause one nutrient to increase effect an increase in other 
nutrients, as well (Tandon, et al., 1957). 

TABLE VI 
Analysis of Variance of Nutrient Content of Bean Varieties
 

Grown in Two Localities
 

Mean square
 
Source of Variation D.F. Nitrogen Methionine Lvsine Tryptophan
 

Varieties 24 0.560** 0.009 0.193* 0.003**
 
Localities I 0.189**
2.869** 0.998** 0.041'*
 
Var. x loc. 24 0.090** 0.006** 0.091** 0.001**
 
Reps.within loc. 
 4 0.016 0.0002 0.021 0.0002
 
Exptl. error 96 0.024 0.001 
 0.019 (1.0002 

From Tandon, et al., 1957 
The essential amino-acid content of legume grains has been studied many

times. Representative values indicating the variations reported are shown in 
Table VII. For comparative purposes, the Table also shows values for beef, 
because beans have been called "the meat of the poor." This Table shows that 
legume-grain protein is high in lysine content, a factor of much nutritional 
significance when beans are considered as supplements to cereal grains. A second 
factor of interest is that they are low in total sulfur-amino-acid content, which 
also is important when considered in terms of diets based primarily on such 
roots as cassava. The next amino acid of special interest is tryptophan, with 
relatively low value. 

Amino-acid content of legume grains depends on species, varieties,
localities, and management practices. Of particular significance are the results on 
the effects of the application of minor-element fertilizers. For example, it has 
been shown that the uptake of zinc by the pea bean causes increases in 
methionine. In another study, when Pisum sativmum was fertilized with sulfur, the 
methionine content increased from 1.29 to 2.18 g per 100 g of protein (Bressani 
and Elias, in press). 

The nutritive value of legume grains also has been studied extensively. Biologi
cal value, representing the amount of absorbed nitrogen retained in the body, 
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TABLE VII
 
Range in Essential Amino-Acid Content in Species and
 

Varieties of Legume Grains 

Amino acid 
Range
g/g N 

Beef 
g/g N 

Argininc 
Ilistidine 

0.36-0.57 
0.08-0.21 

0.40 
0.22 

Isoleucinc 0.32-0.62 0.33 

Leucine 0.20-0.68 0.51 

Lysine 
Methionine 

0.34-0.71 
0.0341.11 

0.55 
0.15 

Cystine 
Ihenylalaine 
"1irconine 

0.01-0.07. 
0.15-0.49 
0.16-0.31 

0.08 
0.26 
0.28 

Tyrosine 
Tryplophan 
Valinc 

0.06-0.24 
0.01-0.07 
0.244).49 

0.21 
0.07 
0.35 

to be variable and low in most legume grains. Some representhas been found 
to 78 perative results are shown in Table VIII. Values range from 32 per cent 

cent, and large variations are also observed in varieties of the same species (JaffM, 

I950a; Patwardhan, 1962). It isdifficult to explain such high variability, because 

many factors are Involved. Ilowever, it ishighly probable that the main factor is 

the relatively low concentration of sulfur-ainino acids in legume grains. The 

benelicial effect of tile addition of me thionine to beans has been shown many 

times (Bressani and Elias, in press; Patwardhan, 1962). Table IX summarizes 

seen that the addition of 0.3 per cent methionine insome results. It can be 
in every case. However. it was notcreased the protein-efficiency ratio (PER) 


equally large among all species. This small effect of methionine addition may in
 

TABLE VIII 
Biologic Value of Some Species and Varieties of 

Legume Grains 

Biologic value 
Legume grain % 

46-74Cajanus cajan 
62-68Phaseolus rungaris (black) 
45-72t'igna sinensis 
52-78Cicter arielinutt 
32-58L.ens esculenta 
39-66Ihascolusauircus 
60-64I'/ascohs mungo 
48-49Pislon .aft imt1 
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TABLE IX 
Effect of Methionine Addition to Various Species 

and Varieties of Legume Grains 

Legume Protein efficiency ratio 
grain - Meth ionine +NletlIionine 

Phascolusvulgaris (black) 0.0-0.9 3.5-3.8
 
Phaseohs tulgaris (red) 0.0 1.7
 
Phaseolus rulgaris (white) 1.2 2.7
 
Vigna sinensis (black) 1.0 
 1.6 
Vigna sinensis (beige) 1.0 1.8
 
Pisitm sati'uim (green) 0.3 2.7
 
Pisum satiunt (yellow) 0.0 1.2 
Lens escuetta 0.0 0.9 
Cicer arietinunl 1.7 2.8 

From Jaff, 19 50a 

sonie cases be explained on the basis that methionine isnot the most or the only
limiting amino acid in some legume species. 

The results in Table X were obtained with Ca/anus ca/an. They show that 
nmethionine addition has no effect on improving protein quality. The same is true 
if only tryptophan is added. Ilowever, when both amino acids were added, 
protein quality increased, which indicates, at least in Ca/anus, bolh amino acids 
are about equally limiting (1Braham, et al., 1965). The same sort of situation may
exist with other legume grains, particularly Ihose that do not respond sigiificant
ly in protein-quality improvement when supplemented with methionine. 

The protein qualit , of legume grains also can be affected by other factors,
such as processing for consunptioii and storage. Even though these two factors 
are of importance after harvest, they may have played an inportant role in the 
nutritive value reported by various workers. Legume grains contain 
antinutritional factors, which are destroyed by cooking, and cooking may de
crease protein quality, so it is possible that if processing is not carried out under 

TABLE X 
Amino-Acid Supplementation to Cajanusca/an 

Amount added Ave. wt.Amino acid % gain, g PER 

None - 48 1.82 
DL-Methionine 0.1 35 1.52
 
DL-Mcthionine 
 0.3 30 1.32 
DL-Tryptophan 0.1 58 1.81 
DL-Methioninc 0.2+ IL8DL-Tryptophan 0.1 

From Brahani, et al., 1965 

2.65 
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to theequal and standardized conditions, it may contribute the variability in 

biological value reported in the literature. Storage affects cooking quality, 

to find hardshell beans in stored beans. Hardshells requirebecause it is common 
longer cooking, which may decrease protein quality. Therefore, it is suggested 

that optimum cooking conditions should be established for each legume-grain 

species in order to reduce the variability in nutritive value, as determined biolog

for agronomic and nutritional improvement pro.ically. This will be of value 
should be taken to compare bean species and varietiesgrams. Furthermore, care 


that have been under equal storage conditions.
 

Role in Relation to Cereal-Based 
and to Cassava-Based Diets 

Among vegetable crops, as already indicated, legume grains contain the 

highest aniount of' protein, which in general runs well above twice the level 

found in cereal grain1s and significantly more than tilelevels in root crops. 

Furthermore, the protein of the legume grains is considered to be a rich source 

are the major amino-acid deficiency. Onof lysine: sulfur-containing almilo acids 
have adequatethe other hand, cereal-grain proteins are low in lysine but 

it is evident that legume-grainamounts of the sulfulr-amino acids. Therefore, 

protein is the natural supplement to cereal-grain proteins. If this is accepted, any 
mustagronomic and nutritional improvement in legume foods take into 

vonsideration the nutritional role they play in diets, based on cereal grains and 

starchy foods. lInthe specific case of such edible roots as cassava and other 

starchy foods, such as plantain, legume-grain protein by itself' constitutes the 

only source of protein. 
of legume protein is well doc'fie supplementary ef'fect on cereal grains 

basis, the level of beans ingested usually representsumented. On a dry-weighl 
about 10 per cent of the dry weight in diets, at least those eaten in Central 

America (Flores, et al., 1906). Therefore. in the results presented in Tables XI 

TABLE XI 
Percent Utilizable Protein from Cereal Fed Alone 

and from 9(Y; Cereal + 10% Bean Mixtures 

Utilizale protein %Protein source Protein indiet, P 
6.9 4.011100"Y, rice 

90,; rice + 1t' teans 7.9 4.96 
8.5 2.41i ize1100.'; 


4.10
90, muaizc + 1(1%beans t).3 


100"; sorghumu 7.7 2.23
 

8.6 3.9390"7sorghum -t(1'beans 
.0
I00'; whole wheatil 1 4.26 

9W': Wheat I10'; beans 12.t0 
8.22IOt':4ots 13.8 


9t)(; il betans 14.6 8.73
oats + 11', 

10.7 8.02('iin 

5.94 



23 and Xil, the diets fed to rats were prepared with 90 per cent cereal and 10 percent black beans (I. i'tlgaris).The resulting performancecompared With from these diets wasthat from diets that contained 100 pe: cent cereal-grain protein.The effect of beans in increasing the utilizable protein in cereal-legumealso is due to an ilixtiresincrease in protein quality. This is shown in Table X1, in whichprotein content is equalized to about 7.5 per centEven though the presence of 10 
among dietary treatments. per centquality of the cereal, 

beans in diels increased fhe proteinthe increases wereprotein quality, such 
larger for those cereal grains poorer in 

When 
as maize and sorghtm. followed by vheat. rice, arid oats.protein content of the diet was not adjustedtwo to a fixed level, at leastresults are interesting, 

content 
as shown in Table Xii. One is the increased proteinof the diets when they contained

increase, partictilarly for children, 
10 per cent bean. This is a significantwho require relatively higher protein intakethan do adults and who have a smaller stomach capacity. The seco(nd poinltinterest canl be ot"seen tinder tlie utilizable protein coltlml, which is higher for dietsmade with cereal and [eas. Ii is also of interest 1toseeutilizable protein are obtaine d trmn 

1ia1 higher increases ili[lie cereal-bean mixtures When tlhe cereal isof a low-protein quality - as, f'or example. maize, sorghtin, wheat,oats, in that order. (The rice, andterm "ltilizable protein "' quality and means the product of proteinprotein content relative to a ret'erence protein. which ill the presentwas caseinl.)
The evidence presented serves to propose at least two fiactors that shouild beconsidered in hem-quality improvenent programs. First is ile desirabilitv forhigher protein concentration 

in terms of' child feeding and, 
ill legume grains, which becones in;ore significant

second, such protein should be higher in lysinecontent, as this amino acid is limiting il all cereal proteins tested. Even though 

TABLE XIIProtein Quality of Cereal Grain and of Cereal 
Grain-Bean Diets Fed at Equal Levels of 

Dietary Protein 
Protein source 

Ave. wt. gain, g PER 
100% rice
90% rice q 10;" beans 

100% maize90,-, mh ize + 10% bea ns 
100% sorghumnnn 
90% sorg0min + 10,'%beans 
100% wieat 

43 
56 

13 
32 

12 

30 

2.15 
2.32 

0.87 
1.40 

0.88 
1.39 

90U wheat + 10,; 
100% oaOts 

beans 
19 

41 
1.05 
1.73 

90%C, oats + 10%"beans 
34 
7237 

1.60 

Cascin 
75 2.71 
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the only limiting 	amino acid in cereal proteins, increased proteinlysine is not 
more tryptophan, threonine, and methioninecontent in beans will carry with it 

amino acids that are somewhat deficient in cercal-grain protein.-
Even 	 though the presence of 10 per cent beans increases the protein quality 

of the cereal, such mixtures are still deficient in the same amino acids as the 
are lower.particular cereal under consideration. However, the amounts needed 

The information shown in Table XIII will support the above statements. In the 

present case, maize alone shows a significant response to the addition of lysine 

and tryptophan; these two amino acids also improve tile quality of the mixture 
!so be noted that the additionof maize and bean under consideration. It should 

or not maize is supplemented with lysine andof methionine to 	beans, whether 
not improve the quality of the protein. Similar results havetryptophan, does 

been observed with rice-bean mixtures, in which bean contributes about 10 to 

12 per cent of the dry weight of the diet. 

TABLE XIII 

Amino-Acid Supplementation of Corn-Bean Diets 

Dietary treatment PERAve. wt. gain g/28 days 

Maize + beans, 69 2.1 

Maize + Lys + Try + beans2 103 2.64 

Maize + beaus + Net 66 1.93 

Madze + Lys + 'ry
2 + beans + Met 1(08 2.69 

Maize 32 1.21 

Maizc + Lys + Try 4 100 2.68 

72.4% maize + 8.1% beans 
20.30',, L-Lys 11(1 + 0).1 11 ')L-Try 

30.30% I)L-Met 
40.40% 1.-Lys IICI + 0. 10% DL-Try 

The above information has been presented to indicate that any consideration 

given 	 to improving the nutritive quality of beans must be based on the fact that 

are eaten together with other foods, cereal grains in particular. In thisthey 
respect, it is of interest to analyze the results in Table XIV. In this study, 

attempts were made to obtain information on what changes should be intro

duced into beans to obtain cereal-based diets with higher protein quality. The 

results were obtained by changing those nutritional chlaracteristics in beans that 

would be reflected in better-quality protein diets. 

One can observe, first, that adding beans to a corn diet improves protein 

content and protein quality, as indicated earlier. In treatment three, the intake 

to twice the levels commonly found in nutritionalof beans was increased 
surveys; it was assumed that greater production would increase availability, 

reduce prices, and result in a higher intake. The results show the diet to contain 
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TABLE XIV

Effect of Various Dietary Treatments on Beans on the Protein
 

Quality of Corn-Bean Diets
 
Dietary treatment Protein in 

diet, % 
Protein from 

maize beans 
Ave. wt. 
gain, 

Utilizable 
protein 

% % g/28 days % 
100% maize 8.7 100 0 25 2.93 
87% maize + 13% beans 10.6 71 29 48 4.54 
74% maize +26% beans 12.3 51 49 86 6.26 
87% maize + 13% beans* 12.3 62 38 72 5.87 
87% maize + 13% beans** 12.8 59 41 94 7.09 
87% maize + 13% beans*** 10.5 71 29 71 5.45 
* Bean with a protein content 1.5 times the protein eontent of conn m beans.* Bean with a protein content 2.0 times tie protein content f eonnon Ileans. 
*** Beans with a higher lysine content than common beans. 

a higher protein content, as would be expected, with values increasing from 10.6to 12.3. This increase is translated into a higher weight gain, from 48 to 86, and an improvement in protein quality and utilizable protein. In the next treatment,
the level of dry-bean intake was maintained at 13 per cent, but it was of a beanvariety that contains a protein concentration about 1.5 times that of the usual
beans. The effect of such an intervention is to increase the protein in the diet aswell as to increase utilizable protein. Tne same is true when protein content is
increased about twice as much as presenc protein concentrations.

Finally, in treatment six, bean intake and protein content were maintained, as
found in nutritional surveys. However, the bean protein simulated in this caserepresented one with a lysine content higher than normal. The results indicated
that this was as adequate a change in bean-protein composition as were the othermodifications studied. . believe this to be very important. In other studies we
have carried out in Central America, we have found that protein concentration
and lysine, tryptophan, and methionine concentrations are close)) related. Oneactually could select for one of these nutrients and come tip with an increased 
concentration of the other nutrients.

For practical purposes, the data shown in this and other tables suggest that
much could be accomplished in terms of the protein quality of cereal-based dietsif the intake of beans could be increased by increasing availability and reducing
prices - provided, of course, that there are no physiological factors limiting theintake. Second, the data suggest that beans containing higher protein or thosecentaining normal protein with higher lysine levels could be nutritionally bene
ficial to populations who consume cereal-based diets. This applies particularly topreschool populations, where nutrition problems seen, to be concentrated. Any
alternatives should be as good, and it is up to the agronomist to concentrate on one of the possibilities. Let me emphasize, however, that it is not advisable to 
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generalize, because the situation recommended is (a) for populations consuming 

13 per cent of the dry weight of the
beans contribute aboutmaize; (b) when 


diet; and (c) when the legume food is Phaseolus vulgaris.
 

Some information is also available for cassava-based diets. Results are shown 

in Table XV. It was assumed that beans contribute 13 per cent of the dry weight 

beans with or without higher
of that diet. Under these circumstances, 

miethionine improve growth performance, as indicated by
ofccncentrations expected,

lower weight loss in a 28-day experimental period. The results were 

per cent, a level too low for growingis aboutbecause dietary protein 4.6 
would be to increase the intake of beans, and the 

weanling rats. The solution 

beans utilized should have a higher methionine content. 

TABLE XV
 

Effect of Small Amounts of Legume Grain on the
 

Nutritive Value of Cassava-Based Diets
 

Ave. wt. gain, gProtein %
Dietary treatment 


-1
1.8Cassava.( 100) 
- 74.6Cassava +beans (87/13) 

- 6
4.6Cassava +beans +Met (87/13/0.3) 

et al. (1971), are shown in Table XVI. In this case,
The results of Dutra, 

tested in the presence ofweremanioc-flour diets with and without methionine 

three levels of beans in the diet. The results are interesting. 
of bean in the diet increases,is higher as percentageFirst, protein intake 

which is to be expected. Second, best performance is obtained in every case in 

which methionine is pr, sent, which also is to be expected, in view of the well. 
even though protein

known sulfur-amino acid deficiency in bean protein. Third, 
beans increase in the diet, percentageas commonefficiency appears to decrease 

of utilizable protein is essentially the same. 
for a bean with a high meth-

It must be pointed out that a recommendation 

ionine content to complement manioc diets will depend on the actual amount of 

bean consumed by these particular populations. Although methionine addition 

fed to humans has resulted in improved quality (Esselbaugh, 1952), the levels 

smaller than those commonly utilized in rat studies. This is because 
needed are 
humans have less need for sulfur-amino acids than do rats (Cox, et al., 1947). 

Nutritional Considerations of Legume Grain-Cereal and 

Legume Grain-Cassava Mixtures 

that small amounts of legume
Up to the present time, it has been shown 

to cereal grains improve the amount of utilizable protein in the 
protein added 
mixture. It also has been shown that higher intake of beans with a higher protein 

content and beans with a higher lysine content also could result in better-quality 



27 

(8-9% Protein in Diets) 

50
 

30
 

20 : 

10 	 .e 

0 Deficient Deficient 

2.0 

1.5. 

1.0. ,i 

0.5 

Corn 100 90 80 70 60 50 40 
 30 20 10 0
 
Beans 0 10 20 30 50 70 80 90
40 60 100
 

Protein %Distribution
 
in Diets
 

Incop 68-226
 

Figure 1. Nutritive value of various combinations of lime-treated corn 
and cooked black beans. 
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TABLE XVI 

Protein Quality of Manioc Flour with and without Methionine 

Addition Mixed with Various Levels of Beans 

Protein % Ave. wt. 

in diet gain, g PERDietary treatment 

8.04 7.7 0.7865% manioc flour + 35% bean flour 

65% manioc flour + 0.6% mcthionine 8.85 68.2 2.70
 

4 35% l)Cbeaflour
 

9.97 14.2 0.9655% manioc flour + 45% bean flour 

55% manioc flour - 0.6% m ithionine 
10.09 66.8 2.68

+ 45% bean flour 

12.17 31.7 1.2845% nanioc flour 4 55% bean flour 

45% nanitc flaur + 0.6% methionine 
12.23 71.0 2.27+55% bean flour 

Fromn )utra ticOlivcira, et al., 1971 

diets. Assuming that bean production could bc increased easily and that this 

incicased production would stimulate higher intakes, the question is: llow much 

is recommendable in terms of protein quality'? 
wereIn the results presented in Figure 1,diets for growing rats prepared. 

They contained equal amounts of protein, derived in different proportions from 

maize and 1Phascolus. The results show that a maximum protein value is obtained 

when 50 per cent of the protein in the diet is derived from beans and 50 per cent 
to 72 g of maizefrom maize (Bressani, el al., 1962). These figures correspond 

t. Of interest in theand 28 g of beans. The ratio of maize to beans is 2.6 to 

Figuic is that a mixture of the two components in the ratio shown has a protein 

quality greater than does each component fed alone. 

From the amino-acid con int of the two components and comparison to 

to be the main limiting amino acid whenamino-acid patterns, lysine appears 
100 per cent of the protein of the diet. Onmaize provides from 50 per cent to 

greaterthe other hand, methionine becomes the deficient amino acid when 

proportions of protein are provided by beans. Sonie evidence of this is shown in 

to maize of small amounts of the three limiting aminoTable XVII. The addition 
acids increased protein utilization from a protein efficiency ratio value of 1.05 

to 2.47. The 50/50 mixture was improved by the addition of small amounts of 

lysine and niethionine from 2.10 to 2.42. Whereas the addition of methionine, 

tryptophan, and leucine improved the quality of bean protein, the effect proba

bly w;s due mainly to methionine. 

Additional results are shown in Table XVIII (Bresani, e.al., 1962). The 

response to methionine is dependent upon the cereal grain and the legume grain 

used, but is relatively small. This work, carried out by Sirinit, et Jl. (1965), 

shows the effect of amino-acid supplementation on optimum protein-quality 

mixtures of cereal and legune grains. As already indicated, the effect of meth

ionine supplementation is dependent on the cereal grain, as well as on the 
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TABLE XVII
 
Amino-Acid Supplementation of 72% Maize and 28%
 

Bean Mixtures 

Weight distribution,% Amino acids Ave. wt. 
Maize Beans added gain, g PER 

100 0 None 29 1.05 
100 0 Lys-Try-Lcu 74 2.47 
72 28 None 51 2.10 
72 28 Met-Try 59 2.03 
72 28 Met-Lys 75 2.42 
0 100 None -3 -
0 100 Met-Try-Leu 23 1.04 

TABLE XVIII 
Amino-Acid Supplementation of Cereal-Legume Grain Combinations 

Weight distribution, % Amino acid Ave. wt.
Cereal Legume grain added gain, g PER 

Maize (70) P. i'ulgaris. red (30) None 47 2.41 
Met 58 2.60 

Mct-Lys 42 2.35 

Maize (80) P. lInalus (20) None 52 2.50 
Met 51 2.56 

Met-Lys 46 2.49 

Sorghum (70) P. I'ulg2ris, black (30) None 56 2.54 
Met 58 2.61 

Met-Lys 64 3.05 

Sorghum (70) P. lunatus (30) None 50 2.44 
Met 50 2.47 

Met-Lys 77 3.27 

Rice (80) P. iulgaris, red (20) None 57 2.85 
Met 62 2.98 

Met-Lys-Thr 67 3.20 

Rice (80) I hnalus (20) None 62 3.08 
Met 63 3.13 

Met-Lys-Thr 73 3.66 

From Sirinit, el al., 1965 

lcgume food. For example, the mixtures of maize and sorghum with Phaseolus 
vulgaris are improved when methionine is added, but this is not true with rice. 
On the other hand, cereals mixed with Phaseolus lunatus are not improved in 
quality when supplemented with methionine. 
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Figure 2. Average weight gain and protein efficiency ratio of bean
opaque-2 maize mixtures. 
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Similar studies have been carried out with opaque-2 maize and black beans, 
with the results shown in Figure 2(Bressani and Elias, 1969). In this example, bean 
protein is still deficient inlmethionine; however, opaque-2 maize has essentially 
the same methionine content as common maize, but has significantly higher 
levels of lysine and tryptophan. Highest performance occurred when 50 per cent 
of the dietary protein was derived from each component. However, similar 
values were observed when maize contributed with greater levels of protein. On 
the other hand, greater levels of bean protein in the mixture resulted in lower 
performance, because methionine deficiency increased as bean protein increased 
in the diet. It should be pointed out that the 50/50 mixture of maize and 
Phaseolus vulgaris gave a PER value of?. I and a weight gain of 52 g. Ill contrast, 
the 50/50 protein mixture of opaque-2 maize and Phaseohts rzulgarisgave a PER 
value of 2.6 with a weight gain in 28 days of 108 g. 

From the experimental results shown, the optimum proportions of maize to 
beans are 78 g of maize and 28 g of beans for a 2.6 to I ratio. The results of 
various nutritional surveys carried out in Central America have permitted the 
calculation of the actual ratio consumed. These results are shown in Table XIX 
(Flores, et al., 1966; Flores, 1961 ). Adult htmans show a lower ratio, compared 
to the highest found in children: the ratio in favor of maize is 14 or 12.1. In 
both cases, consumption of maize predominates. This permits tile conclusion 
that the diets are low in protein and deficient in lysine. 

Mixtures that provide the maximum protein quality have been determincd tir 
other cereals and leguime grains (Elias, et al.. 1969). A summary f such results is 
presented in Table XX. Rice and Phaseohs 'uvlgaris combine into a mixture of 
high-protein quality when 80 per cent of the dietary protein comes froin rice 
and 20 per cent from beans. Protein quality increases about 16 per cent when 
the quality of the mixture is compared with the cereal grain alone. Maize gives 
highest protein-quality values when .-ombined in a 50/50 protein ratio with 
Phaseohs and Vigna and in a 60/40 protein ratio witli soybean. Increase in 
quality ranges from 51 per cent to 122 per cent. Wheat combines in a 73/27 
protein ratio with Phaseohs,which causes all increase in quality of about 49 per 
cent above wheat alone. These results suggest that the poorer the quality of' tile 
cereal the greater the level of legume protein needed to bring abomt the improve
ment in quality observed. They also suggest that cereal-based diets could be of 
higher protein quality if the legume-grain intake was higher than it is at present. 

Examination of legume intake in bean-consuming counllries shows that. ill 
general, it is relatively low. For example. Table XXI summarizes average intake 
levels in the Central American countries. The highest intake is 72 g/person/day.
which is not enough to give a 2.6 ratio with respect to the intake of cereal 
consumed (Flores, 196 1). 

From these and other results, various questions call be raised. Why do people 
eat only these amounts of beans? Call more beans be consumed? Is consumption 
limited by their low availability, or is there a physiological limit induced by 
unrecognized factors, by low protein digestibility, or by a resistance to diges
tion? If bean consumption is to increase and help solve the world protein defici
ency, these questions must be answered. 
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TABLE XIX
 
Average Daily Intake of Maize and Beans in Various Areas
 

of Central America
 

Maize Beans Maize/bean 
g/day g/day ratio 

Guatemala 
58 7.3Adults 423 

24 11.7Children 281 
26 11.3 

277 
295 

15 18.5 

Honduras 
56 7.1Adults 398 

El Salvador 

Adults 374 60 6.2 

28 2.6Best ratio 72 

TABLE XX
 

Protein Value of Optimum Combinations between Cereals and
 

Leguminous Seeds
 

Distribution of protein 
in diet, % 

From cereal From beans PER Increase, % 

100 rice 0 beans 2.25 16.4 

80 rice 20 beans 2.62 

100 maize 0 beans 0.90 122.2 
50 maize 50 beans 2.00 

100 maize 
50 maize 

0 cow pea 
50 cow pea 

1.22 
1.84 

50.8 

100 wheat 0 beans 47* 48.9 

73 wheat 27 beans 70* 

100 maize 
40 maize 

0 soybean 
60 soybean 

1.50 
2.85 

90.0 

* NPU 

An attempt to answer some of these questions isshown in Table XXII. In this 

study, which was carried out with young rats, the animals were allowed to cat as 

they wished from two feeder cups placed in the cage. One contained maize, the 

other Phaseolus. The maize and bean diets were modified (second column) to 

permit the rat to choose the food that was made inre suitable nutritionally. 
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TABLE XXI
 
Consumption of Legume Grain in Urban and Rural
 

Areas of the Central American Countries
 

g/pcrson/day
 

Country Urban area Rural area 

Guatemala 45 50 

El Salvador 52 59 

Honduras 47 41 

Nicaragua 50 72 

Costa Rica 48 57 

Panamt 19 20 

TABLE XXII 
Effect of Various Dietary Treatments on the Free Intake of Maize and Beans 

by Young Rats 

Intake Utilizable 

Dietary protein
Foods treatment g/rat/28 days Ratio 7 

Maize None 188 
Beans None 53 

Maize Vit-Min-Cal 238 3.87 5.15 
Beans Vit-Min-Cal 61 

Maize None 257 2.08 6.24 
Beans Vit-Min-Cal 124 

Maize Vit-Min-Cal 250 2.65 6.19 
Beans None 94 

Maize Lys-Try 184 
Beans Met 47 

Maize Lys-Try-Vit 
Min-Cal 272 

Beans Met-Vit-Min-Cal 120 

Maize Lys-Try-Vit 
Min-Cal 291 

Beans Vit-Min-Cal 59 

Maize Vit-Min-Cal 256 2.28 6.55 
Beans Met-Vit-Min-Cal 112 

Maize None 199 
Casein diet 1.03 
(22% prot) Vit-Min-Cal 194 

9.12 
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and used to calculate thewas recorded (third column)Intake from each cup 
ratio. The percentage of utilizable protein was calculated from the 

maize.to-bean 
protein ingested and the protein-efficiency ratio. 

was fed on maize and beans without any other dietary treat-
The first group 

ment. The ratio of maize to beans was 3.58 with a utilizable protein of 3.11 per 

cent. These results indicate that the animal tried to balance the quality of the 

protein ingested, because the ratio of 3.6 is closer to the best ratio-2.6-found 

in other experiments. When both maize and beans were supplemented individu

ally with vitamins, minerals, and additional calories, the animals consumed maize 

and beans in a ratio of 3.87, similar to that of the previous treatment. Utilizable 

to be expected because other needed nutrients 
protein increased, which was 

be noted that the intake of maize and beans 
were provided. It should also 

increased. 
The third treatment consisted of supplementing beans with vitamins, miner

additions to the maize. This treat
als, and additional calories, but making no 

of beans and also of maize, giving a ratio of 
ment stimulated the "free intake" 

be 6.24. The increased intake of
about 2.1. Utilizable protein was found to 


the basis that the animal consumed more to meet its

beans can be explained on 
needs for other nutrients. However, it is difficult to explain why cereal intake 

also increased. 
of the third. Maize was supplementedThe fourth treatment was the reverse 

with vitamins, minerals, and additional calories, whereas beans were not. Maize 

intake was similar to that in the previous study, but bean intake was lower. The 

ratio of maize to beans was 2.6 and utilizable protein 6.2 per cent. 
tested in treatments 5

Factors more directly related to protein quality were 

to 8. It will be noticed that adding lysine and tryptophan to maize and meth

ionine to beans did not alter significantly the ratio of maize to beans observed in 

the first grouP. Utilizable protein increased slightly. When both amino acids and 

other nutrients are added to the two foods, there isa high intake of both to give 

a 2.3 ratio with 6.7 per cent of utilizable protein. Treatment 7 improved the 

protein quality of maize, but not of beans, with other nutrients present in both. 

This stimulated maize intake, but not that of beans, contrary to what is seen in 

8,in which beans, but not maize, were supplemented with methionine
treatment 
to improve protein quality. This resulted in an increase in bean intake, but did 

not differ greatly from the intakes observed in the third treatment. Finally, the 

last group was allowed to eat maize and a diet of casein made to simulate beans 

in protein content. This last group gave the best performance in every measure. 

The results of this study were interpreted to mean that, when the rat is 

allowed to choose its food, it does so by balancing the protein quality ingested. 

This is stimulated by nutrient supplementation, but not by amino acids alone. 

Many observations are difficult to explain, and no attempts will be made to do 
the animals tend to consume so now. However, the results show clearly that 

more beans when they are made available. It is our opinion, therefore, that 
cost

efforts should be made to increase production of legume grains to permit 

reductions and thus a greater intake. In the studies shown, availability was not a 

consideration for intake and, in all cases, the ratio that could be modified tended 
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toward the best ratio for maize and beans, which is 2.6 (Bressani, et al., 1962).
An important factor in this study is the lower digestibility of beans, as judged

by the results of the casein diet. A better control would probably have been 
meat protein with an amino-acid pattern closer to that of bean protein, even 
though casein is methionine-deficient, as is bean protein. Cascin is also slightly
higher in lysine than is bean protein, and definitely higher in tryptophan. 

The Problem of Legume-Protein Digestibility 

Most people recognize that beans are difficult to digest and 1nay give rise to 
stomach upsets. Nutritionists are aware that they have a low protein digesti
bility. At present, it is not known whether these effects are caused by a more
rapid discharge from the intestine or by a resistance to protein hydrolysis tuy the 
gastrointestinal enzymes. In any case. significant losses of nitrogen occur in feces 
when beans are consumed. 

Some examples from various legume foods are shown in the next tables. 
Table XXIII summarizes the results of studies on hllman adults fed Alaska split 
pea Pisur satil'um) (Esselbaugh, et al., 1952). When eggs were eaten, fecal 
nitrogen represented 14.5 per cent of the nitrogen intake: when peas were fed. 
fecal nitrogen represented from 20 to 21 per cent of nitrogen intake. Appar
ently, protein digestibility was somewhat lower for pea protein than for egg.

The same kinds of observations have been made in children. For example.
Table XXIV shows results of' various studies of children fed Phaseohsr'u/garis in 
combination with other foods. Fecal nitrogen values are shown in rig of nitro
gen/kg/day, and as percentage of nitrogen intake. It can be seen (last column)
that fecal nitrogen increased as milk-protein nitrogen intake decreased. Not all 
the effect can be attributed to bean protein, because it was given in combination 
with maize. However, nitrogen losses increased, and beans may have been re
sponsible to some degree. 

TABLE XXIII
 
Fecal Nitrogen and Apparent Protein Digestibility of Human Adults Fed


Egg Protein and Split Peas with and without Methionine Addition
 

Protein Nitrogen,gm App.
prot. dig. 

source Intake Urine Fecal Absorbed Retained 9 

Egg 5.60 4.90 0.81 4.79 -0.1 I 85.6 
Split pea 5.47 1.16 -0.314.62 4.31 

Split pea .95 1.19
4.21 4.76 +0.55 80.0 

From Esselbaugh, el al., 1952 

78.8 
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TABLE XXIV 

Fecal Nitrogen from Children and Young Dogs Fed Various 

Proteins Containing Cooked Beans 

Nitrogen 
Intake Fecal %Fecal N 

of N intakemg/kg/dayDiet 

CIIILDREN 
18.1387 70Milk 

25% milk 
+75% (maize +beans) 358 98 27.4 

10% milk 
+ 90% (maiZe + beans) 353 134 38.0 

107 30.8
100% (maize + beans) 347 

DOGS 
36.3520 189Maize 
40.0635 254Maize +black beans 

The results in the lower section of the Table were obtained from young dogs 

that were fed maize protein both alone and with bean flour. The intake of beans 

was equivalent to 32 per cent of the total nitrogen intake, and with this relative

ly small amount, fecal nitrogen increased from 36 per cent to 40 per cent of the 

nitrogen intake (INCAP, unpublished data). 
not only

The low protein digestibility of legume grains has been observed 

among species, but also among varieties of the same species. For example, as 

shown in Table XXV, Jaff (1950b) observed that Cajanes indicus had a protein 

to other varieties that showed values as
digestibility of 59 per cent, in contrast 

hand, Vigna sinensis showed digestibilityhigh as 90 per cent. On the other 

coefficients that varied between 86 per cent and 90 per cent. The value for Lens 

esculenta was 93 per cent: for P1isum satil'um, about 92 per cent. 

No experimental results permit us to estimate with precision the variability of 
llow us to selectprotein digestibility of the various bean cultivars, which would 

varieties with higher values. It is possible that grain size has a significant influ

ence, because small seeds have heavier cotyledons. 
et al., 1969; JaffO and Vega, 1968) obtained a proteinRecently, Jaffd (Seidl, 

was resistant to in vitro digestion by 10 prote
fraction from black beans that 

olytic enzymes, even after protein denaturation, and that was inhibitory to 

a protein is present in adl legume
trypsin and papain. It is not known if such 

grains. The classical trypsin inhibitor is thermolabile, so it follows that it cannot 

responsible for the low digestibility of the protein observed in some species 

and varieties of beans. 
be 
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TABLE XXV
 
True Protein Digestibility of Legume Grain Species
 

and Varieties 

Legume grain 
True prolein 

digestibility. % 

Phascolusvulgaris (black) 76.8 
Phascohs vulgaris (while) 84.1 
Phaseohs tulgaris (pink) 79.5 
1'liasinctsis (black) 90.0 
V'ina shi(sis (beige) 86.4 
Pisum sati um (green) 90.7 
Pistin satirumt (yellow) 93.9 

Ca/ams cajan 90.5 
Ca ains cajan 59.5 
Lecns esch'itta 92.6 
('eer arhilinun 91.5 

Froni Jaft, 19501) 

Physiological Effects 

Legume foods are klnown to contlain certain toxic substances classified as: 
a) tryspin inhibitors; b) hemagglutinins; c) goiterogenic factors; d) cyanogenic 
glucosides; e) lathyric factors; and f) compounds that cause favism. There are 
excellent reviews on these subjects, theref ore I will not discuss them here. Atten
tion will be given to other, less-known effects oflegunme Ioods that could affect 
thcir utilization as protein sources for young and adult humans. 

Flatulence. One of the best-known problems that results from the constmp
tion of legume foods is increased flatulence. Steggerda, et al. (1966), working 
with human subjects, indicated that, when beans are eaten, the normal physiolo
gy of the gastrointestinal tract is altered so that flatulence prodttction is marked
ly stimulated. 

Rockland (1969) obtained evidence suggesting that the primary cause of 
flatulence may be the production of gas by gram-positive, anaerobic bacteria 
present in the gastrointestinal tract afler stimulation by unknown factors in dry 
beans. Furthermore, lie suggests that Clostrihum perj'rigens,which is the main 
intestinal anacrobe, is probably the primary source of flt Its gases (Rockland, et 
al., 1969). This hypothesis could be correct, in view of the findings by Kakade 
and Borchers (1 967) that the gas-producing efficiency of rals fed heated navy 
beans was significantly reduced when antibiotics also were fed. The effects of 
various antibiotics were also described by Rockland, et al., in 1961), using C 
perfringens as the gas-forming bacteria. Bornside and Cohn (1N65) also observed 
that the class of bacteria most responsible for (lie reaction was the gram-positive, 
anaerobic, spore-forming, clostridia type, which normally inhabits the intestinal 
tract of animals and humans. 
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Steggerda, et al.(1966) showed that the gas-producing factor is to be found in 

carbohydrate fractions of low molecular weight. These include sucrose, stachy

concluded that these three oligosacchari
ose, and raffinose. Rackis, et al. (1970) 

des are connected with the gas-producing factor when incubated with anaerobes. 

factors in beans responsible for tlatulence have not 
The specific factor or 

found that the flatulence
been established as yet. even though Murphy (1964) 


factor can be extracted from cooked beans with 60 per cent ethyl alcohol. He
 
evenis low in molecular weight, perhaps below 

enphasizes that the flactor 
lie also reports that the proteins, starch polysaccharides, and lipids of 

10,000. 

beans are not responsible for gas production.
 

cultivars of lima beans, flatu-

Sinchez, et al. (1966) indicate that with some 

leuce.stimulation activity does not appear until about one week before the beans 

tile green mature state, and continues to increase to a maximum until the 
are at 

ready for harvest. More recently, it was shown by Calloway, et al. 
dry beans are 

soybeans and alcoholic extraction of whole
( 1971 ) that enzymatic treatnent ot 

to various degrees the 
white beans, as well as other treatments, could decrease 


hltulence factors in tile legume grains studied.
 
improved by autoclaving,

Ilcat.Sensilive hildbilors.Not all legume foods are 

and if the effect of heating is to destroy trypsin inhibitors, it can be concluded 

or that, it present, tile concentranot all legume foods contain themeither that 
tion or activity isvariable among species and even among cultivars. For example, 

Borchers and Ackerson (1950) determined that of 17 species of legume seeds 

investigated, eight were improved nutritionally by autoclaving, whereas nine 

the effect of autoclaving on 
were not. No correlation was observed between 

or absence of the trypsin inhibitor in the raw 
nutritive value and the presence 

Jaff6 (1950b, 1968) reported on the digestibility of eight kinds of 
legume seed. 
legumIe foods fed raw and autoclaved, as well as on the trypsin-inhibitor activity. 

Autoclaving increased the digestibility of those legume foods with higher initial 
10 

- units/gin in lentils (Lens
trypsin-inhibitor activity, which varied from 178 x 4 

esculenta) to 4.38 in Dolichos lablab. Soybeans and kidney beans also had high 

- more than 4 x 10- 4 units/gin.trypsin.inhibitor activity values 
Studies at the Institute of Nutrition of Central America and Panama (INCAP) 

on Phaseohs i'ulgaris revealed that inhibitors are present very early in the forma

tion of the seed. Zimmerman, ct il. (1967) reported more activity in the outer 

layers of tihe seed than in the inner layers. 

Appaiently, the function of these inhibitors has not been studied; their signifi

tile bean plant should receive attention, so that if findings prove they
cance to 

tile plant, they may be eliminated genetically. On the other 
are not usefil to 
hand, because they are high in cystine content, their presence might be useful 

acids, as already indicated, limit
nutritionally because sulfur-containing amino 

al. (1969) found in chick studies that the
legume protein. Ilowever, Kakade, et 


cystine of the navy bean trypsin inhibitor is not released by digestive enzymes.
 

Ilypochohsterolemic Property'. Another characteristic resulting from the con

foods has merited some attention. That is their hypochosumption of legume 
the effects on serum

lesterolemic property. Grande, et al. (1965) compared 

cholesterol of ingesting the carbohydrate of bread and potatoes with those of 
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the carbohydrates of legume foods that were isocalorically substituted for su
crose. The diet containing leguminous seeds induced a serum cholesterol level 
lower by 9 per cent than did that of a sucrose diet. Other reports have confirmed 
the hypocholesteroleinic effects of diets containing a high proportion of legumi
nous seeds. Mathur, et al. (1961), for example, noted that people of low socio
economic status in Agra, India, whose staple diet was chick peas (Cicer arietin
urn) had much lower serum cholesterol levels than those who did not consume 
that diet. In the Netherlands, Groen, et al. (1961) observed that Trappist monks 
had lower serum cholesterol levels than did Benedictines. and noted that legume 
foods were an important part of the diet of the former. In studies with 20 
volunteers, Luyken and his associates (1962) showed that the introduction of 
100 gin of legume foods, mainly brown beans, resulted in a mean serum cho
lesterol decrease of' 12 ng per 100 ml. 

Mathur and coworkers (1964) have reported that the cholesterol-depressing 
action of Geer arietinurn in rats fed a diet containing cholesterol and cholic acid 
is also produced by the fat-free seed and by its lipid extract. It should be said 
that bean lipids contain relatively high levels of unsaturated fatty acids. Grande, 
et al. (1965) postulated that the decrease in serum cholesterol concentration was 
caused by the carbohydrate fraction of the leguminous foods. 

Muscular D',stroph'v. A further effect from consumption of legume foods, 
particularly raw, has been the production of a muscular dystrophy in animals. 
Hogue, et al. (1962) report that when a ration containing raw kidney beans was 
fed to pregnant ewes, it was effective in producing nutritional muscular dystro
phy (NMD) in the lambs. Autoclaving the beans decreased the incidence of 
NMD; it is suggested that kidney beans contain a heat-labile, vitamin-E antago
nist. Autoclaved beans also exhibit negative vitamin-E activity in the prevention 
of exudative diathesis in chicks. Other legume foods have been reported to have 
antivitamin-E activity. In 1953, Sanyal reported that I'isurm satii'uin contains a 
factor that decreases the effectiveness of vitamin E in the prevention of fetal 
resorption in the fat. 

Hintz and logue (1964) reported that when 50 to 75 per cent raw kidney 
beans and vitamin E were added to diets of one-day-old chicks, the incidence of 
nutritional muscular dystrophy was increased to 45 to 100 per cent. This indica
ted that beans contain an antivitamin-E factor, because the vitamin -deficient 
diet produced NMD at the rate of 95 to 100 per cent, whereas 20 to 25 .U. of 
vitamin E/kg decreases the incidence to 5 to 6 per cent. Extracting and autoclav
ing the beans indicated two antagonists to vitamin E. One isalcohol-soluble and 
heat-stable and the second is not. 

Conclusions 

It would appear that the most important effort to be made in bean research is 
to increase the yield, which, it is hoped, would increase bean availability and 
decrease their cost. Significant advances already have been made in this respect 
in some countries - for example, El Salvador in Central America. However, the 
higher-yield effort may be short-lived because of the improper storage conditions 
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that cause hardshell in the grain, so reducing their cooking quality. In a recent 
meeting held in El Salvador, farmers continuously complained about the poor 
storage stability of beans in their country. 

Once good storage conditions are achieved, together with greater availability 
and cost decreases, bean research should concentrate on increasing total protein 
content. Results indicate that higher levels of lysine, tryptophan, and methio
nine, in that order, result from beans that contain higher protein levels. We had to 
screen about 300 varieties of beans in this study, and we found correlations 
among those three factors. Higher protein content is of benefit when beans are 
consumed together with cereal-grain and manioc-based diets. 

Attempts also should be directed to increasing protein digestibility of some 
legume-grain species. The factors responsible for protein indigestibility are not 
known. Trypsin inhibitors could not be totally responsible, because they are 
destroyed during heating. However, it is possible that available techniques do not 
permit assays for other heat-stable factors. 

In terms of cereal diets, beans with a higher lysine content night prove to be 
very effective in improving tie quality of the diet. However, if digestibility of 
the protein could be improved, it is probable that the amounts now present are 
enough to balance the low lysine content in cereal grains. 

The flatulence factor is another characteristic of beans that should be elimi
inated. It is possible that it may be destroyed by certain processing tech
niques. People who eat beans daily suggest that strained beans produce less gas 
than do cooked whole beans, and that cooking with certain ingredients also 
reduces flatulence. 

Beans with a high methionine content also should receive attention, particu
larly for those populations on nianioc diets, which contribute little protein. 

Higher intakes of bean protein probably could be achieved through the prep
aration of stable, precooked products, which offer the advantages of imip,'oved 
stability, lower costs of preparation, and possible additional nutrients. 

Finally, it should be emphasized that for nutritive-quality screening purposes, 
it is essential to standardize all procedures to be used after harvest, starting with 
storage, through processing and drying, to the assay technique. The optimum 
cooking procedure to inactivate trypsin inhibitors and other heat-sensitive toxic 
substances probably is not the same for all legume species or varieties, because 
they contain different concentrations of those compounds. Similarly, some spe. 
cies have a greater tendency than others to liardshell. Standardization and defini. 
tion of the screening procedures will speed up the nutritional role of legume 
grains for human populations. 
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FACTORS AFFECTING THE 
NUTRITIONAL VALUE OF BEANS 

Werner G. Jaffd 

Common beans (Phascohsvulgaris) arc among the most important legumes in 
human nutrition in Latin America, parts of Africa, and India. Unfortunately,
they contain a greater number of antinutritional factors than do most other 
legumes. These factors differ both qualitativey and quantitatively in tileenor
mous number of known bean varieties or cultivars. Consequently. progress in
understanding their relative importance has been slow. Nevertheless, the consid
erable knowledge gained thus far could be applied to work on the genetic im
provement of beans. 

Raw beans, when fed in an experimental diet, are toxic to animals. When 
cooked, beans may he ingested without immediate harm. However, to be ade
quate nutritionally, the diet must be supplemented with methionine, (he limiting 
amino acid in most legumes. 

Changes in body weight of young rats fed diets containing 40 per cent raw or
cooked red kidney beans, with or without methionine being added, are pre
sented in Table I. As can be seen, only the animals ieceiving the cooked-bean
diet supplemented with methionine were able to grow normally. Rats fed diets 
prepared with raw beans died within 10-14 days. As shown in time same Table, a 
similar experiment, in which a white-bean cultivar, the Mountaineer Half Runner 
bean, was fed gave quite different results. The weight loss of rats consuming the
raw-bean diet was much less pronounced than in the previous experiment. More
over, all of the animals survived the 28-day duration of the experiment. Normal
growth was observed again in the experimental group fed the cooked-bean diet 
supplemented with methionine. Supplementation of the diet with predigested
casein had practically no effect on the animals that were fed the raw red beans, but
resulted in good growth when raw white beans were fed (Jaffd and Vega, 1968).

The higly significant difference in toxicity between the red and white bean 
varieties observed in these experiments could be traced to the presence of differ
ent types of hemagglutinins. These can be distinguished by means of a simple
test in which different blood preparations are used. It has been observed con
sistently that extracts of bean seeds that are active in agglutinating trypsin
treated blood cells from cows are toxic. This toxicity can be demonstraled by
injecting mice intraperitoneally with a crude seed extract (Table 11)or by feed
ing tests. Four distinct types of bean agglutinins can be distinguished in different
varieties by this test (Table I11). The details of tiletest and its application to 
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TABLE I 
Performance of Rats Fed Diets Prepared with 40%of 

Ground Beans and 0.3% of DL-Methionine 
Wt. change/day 

Diet g 

,aw red kidney beans -2.1 

Raw red kidney beans + 

tigested casein (casitone) 

Red kidney beans cooked for 

2 hat 85"C -0.5 

Red kidney beans autoclaved 
at I 8"C for 30 rain. +2.8 

id. without methionine +0.4 

Raw white beans +0.1 

Raw white beans + digested 
+1.3

casein (Casitone) 

White beans cooked for 
+1.5

2 h at 85"( 

White beans autoclaved 
+2.4 

a 118C for 30 min. 

+0.3id. without mettiionine 

*All animals died within Io-14 days. 

different types of bean agglutinins has been publisheddistinguishing between 
(JaffM, et al., 1972). 

Prolonged boiling or autoclaving of presoaked bean seeds destroys their agglu

as well as their acute toxic action. We have found that the
tinating activity 

moreor human red blood cells ismuchhemagglutinin activity toward rabbit 

heat-sensitive than the toxic activity. However, the agglutinin activity in trypsin
detected, as

treated cow blood cells persists as long as a toxic action can be 

II (Jaffd and Brtlcher, 1972). This leads to the conclusion that
shown in 'Fable 

cow blood is useful in detecting toxicthe agglutinin test with trypsin-treated 
bean varieties and also for assessing the rate of destruction of the toxic factor by 

heat. 
When whole bean seeds are soaked in water and cooked for human consump

lion, the toxic factors are usually destroyed. Recently, a mixture of ground 

beans and ground cereals has been utilized successfully in child nutrition pro-

By varying the composition of these mixtures, optimal combinations of 
grams. 

sources can be reached. Cooking time for these mixtures is
proteins front both 

Korte (1972) has recentlyshorter than that necessary for the whole seeds. 
prepared under field conditionsobserved that when these types of mixtures are 



TABLE i 
Hemagglutinating Activity and Toxicity of Crude and Heated Bean Extracts 

Crude extract Ileated extract 
Hemagglutination Ilemagglutination

Rabbit Trypsin act. Mortality of RabbitVariety Type blood Trypsin act. Mortality of cow blood injected mice blood cow blood injected mice 

761-MM A 9 I0 6/6 0 9 7/8 
San

Francisco B 9 3 0/6 0 0 0/5 
Porillo C 0 12 6/6 0 12 5/5 
Alabaster D 0 0 0/6 0 0 -

The extracts were heated for 2 h to 85-C. 
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TABLE IIl
 
Hemagglutinating Activity of Different Types of Beans
 

on Different Blood Sarmples
 

Bean Variety 
Mountaineer 

Type of blood Saxa Cubagua Porillo Ilalf Runner 
(A) (B) (C) (D) 

Rabbit 8 9 0 0
 

Trypsin-treated
 
2 1cow blood 12 12 

IHluman All 6 6 0 0 

Swioc I 9 0 0 

Pronase-treated 
I1 10hamster blood 12 12 

'le highest dilutioo step of a 10% bean extract producing
 
:gglulination within I h is indicated.
 

prevailing in Africa, the toxic hemagglutinin is not always destroyed. Tifls was 

proved by the agglutinin test and by feeding trials in humans, which resulted in 

diarrhea and other signs of toxicity. 
In other studies, bean plants of toxic type A were crossed with plants of 

nontoxic type D. Of the total number of I'2 seeds examined, 78 per cent were 
type A and 22 per cent type D. Type A, therefore, is inherited as a single 
dominant trait (.1aff6 and Brucher, 1972) (Table IV). 

Many commercial cultivars belong to the toxic A-type beans, i.e., Saxa, Cuba

gua, linde albenga, Guateina. On the other hand, few commercial cultivars, 

TABLE IV
 
iemagglutinating Activity in the F2 - Generation
 

of Crosses of Type-A and -D Bean Plants
 

Agglutination of rabbit
 
and trypsin-treated cow rbc
 

Number of seeds
 
No. Type of cross + 
 -

I A/D 23 13
 
2 A/D 76 28
 
3 A/D 22 14
 

4 D/A 30 6
 

5 D/A 55 22 
6 D/A 241 81
 

7 D/A 231 77
 

678 (73.7%) 241 (26.3%) 

Extracts from each seed were tested with rabbit and trypsin-treated cow blood cells
 
blood cells separately. All positive seeds showed activity with hoth blood types.
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mostly white, are of the more desirable D.type (Mountaineer Half Runner, 

Kaiser Wilheln, Alabaster). There are considerable quantitative differences in 

agglutinating strength and toxicity among varieties of any one type of bean. We 

have encountered varieties of A-type beans that are highly active as alglutinins 

of trypsin-treated cow blood and are more toxic than other varieties with lower 

agglutinating action. In a few cases, it was found that a certain cultivar contained 

both the toxic type-A and the low-toxicity type-B seeds. Of course, there may 

be other qualitative and quantitative biochemical differences between agglutinins 

of cultivars with low and high toxicity that have not been detected as yet. 

The toxic agglutinins are certainly not the only antinutritional factors in 

beans. A trypsin inhibitor has been obtained from beans (Wagner and Riehm, 

1967). Its concentration varies widely in different bean samples. No correlation 

seems to exist between trypsin inhibitory activity and digestibility (Table V), as 

has also been observed in animal experiments (Pusztai, 1967). 

A bean globulin, different from the trypsin inhibitor, interfered with the 

hydrolytic action of seven proteases tested (Seidl, et al., 1969). Its specific 

action is low. but the bean content of this globulin is much greater than that of 

the trypsin inhibitor. Its action is not completely abolished by autoclaving. and 

it could therefore be a factor that is responsible for the poor digestibility of 

cooked beans - one of the major disadvantages of kidney beans as human food. 

The poor growth of the rats fed the methionine-supplemented, white-bean diet 

(Table I) could well be due to this nonspecific protease inhibitor, because these 

beans are devoid of toxic hemagglutinins and are very poor in trypsin-inhibitor 

activity. No data on possible variations of this inhibitor in different bean varie

ties are available. Both in vivo and in vitro tests of digestibility will be required 

in order to determine the most desirable bean varieties. 

The digestibility of starch, as well as proteins, is important, as low starch 

digestibility is related to poor cooking quality. Tile in vitro digestibilities by 

pancreatic amylase of starch from beans with good and bad cooking quality were 

compared and a relationship between cooking rate and starch digestibility was 

observed (Hellendoorn, 1969). 

An amylase inhibitor is present in most kidney beans (Jaffd and Vega, 1968), 

but it is destroyed by proper heating and little is known about its physiological 

importance. 

TABLE V 

Enzyme Inhibitors and In Vitro Digestibility 

in Selected Bean Samples 

Trypsin int. Chymotrypsin inh. Digestibility 

No. Sample U/g U/g crude cooked 

2035 Red beans 0 0 49 71 

2311 Red beans 39 22 56 83 

2081 Black beans 65 17 55 80 

2041 White beans 0 II 52 91 
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Among the factors not destroyed by proper heating of beans are phytic acid, 

which may interfere with iron absorption, and flatulence-producing factors. 

The intestinal absorption of iron from beans is poor (Layrisse, et aL., 1968). 

Phytic acid may be at least partially responsible for this, although quantitative 

data on the relation arc still lacking. 
The flatulence-producing effect of cooked beans has been the subject of a 

good number of investigations. Alcohol-soluble flatulence factors have been des

cribed (Murphy, 1964), but !dcohol-extracted beans still produce considerable 

amounts of intestinal gas (Hellendoorn, 1969). 
In conclusion, it may be stated that in any work related to the genetic 

improvement of the nutritional value of beans, not only the protein level and 

amounts of sulfur-containing amino acids should be taken into account, but also 

the content of toxic heniagglutinins (which can be detected easily in single seeds 
or even in parts of seeds), and digestibility. Other factors of importance in this 

context are cooking quality, flatulence factors, and possibly phytic acid. 
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DISCUSSANT - Doris Calloway 

weWhen we talk about nutritional assets of beans and legumes of all kinds, 

tend to forget that they provide many nutrients, in addition to proteins, that are 

worthy of consideration. They are an additional source of energy, which is 

required to utilize protein, as well as of vitamins and minerals, such as iron and 

calcium, that are often needed in the diet. The availability of these nutrients 

must be considered in the same depth as protein availability. 
In countries where protein resotirces are low, legumes could serve as the main 

source of protein. There is one example, soybeans, in which the quality of 
In all studies, with one exceptionprotein is demonstrated to be high for man. 


(that study was on a protein isolate, rather than whole soy protein), the growth
 

of human infants has been comparable with feedings of protein from soytitilk, 

milk. That is, soymilk protein alone maintains adequatebreast milk, or cow 
growth rates in children (Graham, et al., 1970; Sellers, et al., 1971). In adults, 

when pure soybean protein has been fed as the sole source in the diet, it has 

with animal protein (Bricker, et al., 1945). 1lere, apparently,ranked comparably 
is one legume that does not need very much improvement (even though some 

improvement can be shown in biological value if inethionine is added). 

I believe that ,,:_st diffc:encev i;: biological quality of legume protein. will be 

evident only if they are fed at levels that are inadequate to maintain good 

growth rates in children or nitrogen balance in adults. When enough total protein 

to meet these criteria is in a diet, many of the differences in the quality of 

protein sources tel'd to disappear (Kies and Fox. 1971). I think that is an 

important consideration: while it may be true that quality is less optimal when 

levels of proteit or energy are limited, these differences may be irrelevant in 

terms of some ultimate applications. 
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DISCUSSANT - Irvin E. Liener 

There should be little doubt in our minds that legumes can constitute a 
valuable source of protein for supplemernting the deficiency of lysine in cered 
proteins. The remarks I would like to make are an attempt to bring Dr. Bres
Salli'scomments Imlore illline with the objectives of this conference. The bo
chemist has at his disposal a wide variety of techniques I'ordeterming chemical 
parameters which may be directly or indirectly related to the nutritive properties 
oflproteins. These would include. Ior example, such determinalions as amlino
acid cotiposition ,lysiue availability. illvitro digestibility. trypsin-inhibitor activ
ity. and hlmlaggiitinamiug activity. IBut the crucial question invariably arises-
what do these chemical paraileters reilly tell us about the nuitritiotnal properties 
ol the protein? [or instance. the ailillo-acid composition of the protein does not 
tell us how riruich oI these amilo acids are actually available itthe animal. The 
factor which is most likely to alfect the availability o'amino acids isthe digesti
bility ftle protein. 

What is really needed, therefore. are techiniques tor evaluating, in a!simple 
I'aslhit. the digestibility of proteills. Ohviously, the best 111ehod would be an 
an1filmlal assay, but such assays are of' little use to the geneticist or plant breeder 
who tteeds a rapid tecltnique for screening, such as some simple illvitro method. 
It may. perhilps, be desirable to sub'ject the prtleiillt)sone fractiollatiig ploce
dure. since it is known h'iOtthe work of l)r. JafTLf iltVeleuela that certain 
pltll prolin fracltions Lire less digestible than others. hir. hlaff's5 has shlow Ihat 
Iheic is a globulii 'raction in somtte legirmres that ishiglyl)' resistant to the acdOl 
ol' p"roie ytic elymies. even beinig Sllbjcied heat treatment, Perhaps vefe:l'r t 
should IVcOlncetItrtilthg our ttlintion n tilhis paitic:ular 'ractior offprotein Ihis 
might turn out to be a most useful ildex of tIhe digestibility of leguninous 
protecin s. 

I would like , itmake a brief colllnet ieg:idin.,the elTect of'cooking oiheiat 
treatment otlthe litriive value of' legumrres. The qlueSiiOl is 'rellrelltly raised: 
Why it) worry Ire toxic Iaclois present in legueis if' they can in f'actwe about 
be lestroLyed by cooking? liut I would ask iniieply: Ilow call we be coltain that 
these faiclors are always destroyed by cooking under a given set ol'conditiOlIS? 
We know our work that Phasel./s im/gis, I'r example, requiresf'rotlllown 
tuich more drastic heat treatnent for tIre inactivationi of'tIhese f'actors Ihan do 
sone of the other legumnes, such as cow peas (1'igna siensis. If we decide to 
Ilay it "sA'e" aMid aply an excessive airniit of IeaMl Irow dLoI.hel we know that 
we ire 1tt clliilg dtlliage to tire protein itsell'? We all know that too tiuch heat 
caln lie just as irmful as trot eitouti helat. It other words, there is alloptimum 
level of' heat Ireatlmient Ihtan can arid should be applied for processiig plant 
proteiis ini tiutritive value.order to achieve tnaxiniuti 


These. then, ;ire
a f'ew ml'tile remtarks I would like to make to indicate sonie 
of ile problems to which we should address ourselves duiritg the course of this 
coi fferelnce. 
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DISCUSSANT - B.M.Nicol 

I would like to say a word or two on world supp'ies of protein, as we now 
view them in FAO. The FAO Agricultural Commodity Projections, which have 
been prepared for 1970 to 1980, show that there is, in fact, no protein lack at 
the world level or at the per capita level. Indeed, supplies of protein available for 
human consumption at world and per capita levels appear to exceed require
ments by about 70 per cent. However, this does not ncan that there is no 
protein Jbod problem. Indeed. there is such a problem, which arises from ine
qualities of distribution between regions, to start with, then inside regions, inside 
countries, and even inside households, largely because of variations in purchasing 
power. As a result, a considerable amount of protein-calorie malnutrition is 
found in virtually all developing countries, because small children cannot eat 
enough of the traditional bulky diets, which often are based on cereals or roots: 
they need specially prepared foods that contain concentrated energy and con. 
centrated sources of protein. 

The PAG in Paris prepared a statement more or less along these lines, and I 
made tile samc statement at a NATO-sponsored symposium ol the evaluation of 
protein that was held at tie University of Reading. That statement was reasona
bly well received: people agreed tl t distribution, as influenced by purchasing 
power and the capacity to eat protein foods, is at tie root of tile so-called 
protein problem. I prefer to call it a protein l'od problem beca use it is fod, not 
protein, that is distributed between regions and among members of a household. 
Unfortunately, I have since heard that I was misquoted on the Reading sympo
sium ill 1176,in Western Nigeria, and credited Willi saVing that there is n0olorr 
protein-calorie malnutrition ill the world. I trust that I will not be misquotcd .,i 
this meeting. 

One other point I want to make is that the limiting amino-acid pattern of the 
total diet - not of any particular compotent of tile diet - varies from one 
ecological zone to another. The limiting amino acid is most frequently !ysine or 
sulfur-amino acid, depending on the ecolgy of the couttry and tie nature of 
the staple food. Therefore, in breeding ii would he advisable to look at tle 
limiting amino-acid pattern of' the total diet as eaten, rather than at the limiling 
amino acid of tile staple food. This should apply even in wheat-cating countries, 
such as the southern coast of' the Mediterranean, where enough other food itemns 
are eaten so lysine is not always the limiting amino acid. The amino acid of the 
diet as a whole must not be limited before breeding up any particular amino 
acid. That, I know, poses something of a probletm, because the breeder must 
become familiar with dietary habits in different ecological zones. However, FAO 
call provide broad patterns of' these specialized diets, which may be of use. 





SUMMARY
 

Doris Calloway 

It is almost impossible to stuiinarize this %vide-rangingand interesting dkecus
sioli. I)r. Bressani emphasited that there are many factors to consider in beans. 

including tire percerita . as well as the quality. (ot the protein that makes lp aly 
(s beas ,sed indily .mtllenlIrAbean variety. IleI reminded that are ais a SInpl 

f1od, and call be evalliat(l hest illcol.iIiclioll with complete dick (1"w .lCi 
eans make a part. reported whon \V:iS withlp IIc that ie1C SUillemenlctled 

cooked Ph/scolus rlgaris, ihere wis no appreciable ilrpiovelitent illtiritive 

quality o1" tile1ood ilixlure with :iddili r,inaCililliiiCr. ailt g a111litirr-acIidl 

profiles would indicate this to be tire first limitation. When plo eil content of, 

beans is igh, b a o.'1 dittereoce ilvalrie(v ol illi oi iditiol. lelllli

ionine. lysine. and IrNptophani ire Iotlld t hbe ilicrelSc'! ,iiiiitiieorrsly. AS a 

rcsllt. I)r. Biessani said, tire qtialit of heal plolin li:as not bei Sacrificed ill 
order to increase it trrlitV. MI'lr ir.1ili'siue. a~lld trYptoplian all make 

iMlllortalnlt c0otriblit;i.0s in IlhstrjpplcnnIt:iIiou ( it i: cceeal dietl'., lie ildica

tec that aboull a 50.. inixtuie o1 the ceI,.%lls id heani i,:Idesirable r:atio Iom 

thle ibest pioteilt slipplemrrenlalionl. In'.k ratio aIpeareld to hold I'mbith linai/tit 

relatively low qualit aid tlt, iliploved aqlIlc-2 valiet\. 

Dr. Btess:ni asked ilstocOllsider actr :Imr il[htie Cll',i]tlltiri it hellls.
 

Stich as clharacteristics related to 'oauri~. digciihilitv. aid cookabilit'. li this
 

context, it is itimportanit to note thilcmikbilil ail diiTestihilits declimiC with
 

siliC
conventio.ol storage of beaiis, fr ltern co kiil tine1C k,ilIctc"iscl. qa1i t\ 

is ditninished :ntd nuiritiur is :iflecteud lppreciably.
 

Dr. Liener askcd how ligctihiliv migibt best ill labolatolries
be illti ,tled 

without access to hiulogical rateiials. I tli k loe toiti oesuided o thlat ver\
 

well. Acc rtdil BIess:ili'*s evideirce. m io o0 te heal
tooIDr. sOillic t tIre pat I
 

that Suspeids most ic tilv illcookitre is iore diciestble tht tilre
watel re

maindei l)r Linct ielcred to h)r .1afTf's beall lohilili. IpIlteill tlhat is p:rclit

hIrly resistanti t (liglstiott. tcrihlaps ireders shlouuld louk it1SpcCitiC I'CrlirliS i't 

beans ralher tlin at total prt-eit diicshtilitv. Dr. (",lipenliu colilicilted l:11 

mainys products call filb'er diels. so rlrt we ticed corictuitpr1ovide itl tlre c1r1de10 nort 


ourselves \vilh questions ott" iitestitral hiulk illdealirhi with irmpveitert ot bof leaus.
 

IDr. Nicol pointed (ilt tire ncril lot cofttsid-et thre ditiuttirtl of lowid prrteiri
 
alld eelrgy SGrlirCs \vihti n llrSet id t,, withill
crttiriltriCS. Wivli ,il1 lVCir clh.'i-


Cal tollnes, ei llltlih hC;lis aie availa le itla collllll intl hel ll
is eilnllir 

prolehl il Ire world, it drs ilot miax-aie l eua slIail",.tat evirVr e ,llil lie
 

also notLd ttitt,10 tr;i:iC hTNl lic tiitiitioal prrcrrtill itheeals, tileIual
 
bIehavior of the target popuitaiori murrrst he consideled.
 

rcllildel ea: a alike.Various spc:kers itha1h ,S ireiut ill There are
 

Illaly varieties o1, legutlles il Ire world, iaily o ' which have nt been well
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some of these have greater potential than the crops we have 
studied. Ierhaps 

Even when a bean is grown in a 
found most economical to produce in the past. 

to the soil, aboron, is added
dilTernt location, or fertilizer, such as zinc or 


biologically detectable difference in protein quality may result, according to Dr.
 
even

noted that biological quality is not always uniform,
Bressani. Dr. Bouller 

same.

determined biochemically, appear to be tile 

though amino-acid profiles, 


1)r. Bressaini said that the stage of niaturity (green versus mature dry) does not
 
dry beans 

the prolein quality, but reemphasized th:it storage of mature 
affect 
has a najor impact on net protein utilization. 

Some specific summary points are the following: 
as cereals and a complementary pattern

Legunies have twice as much protein 


of amino acids. Ideal slpplementa tion occurs with ni. f.,es in which 50 per cent
 

Irom cooked I'haseois 
of the protein is derived from maize and 50 per cent 

2 
the maize is ordinary type or opaque- (al

i'ulgaris, irrespective of whether 
with the latler). Increased proein conltent ill 

though growth is much hetter 

beans is aCCOllipall ied by higher levels of tie key amino-acids, methionine, lysine. 

and tryptoplhan. 
to 90 per cent with different legumies) and needs 

Digestibility is variable (50 
diets, the key protein sources 

to be ii proved. Although some fiber is needed ill 
were noted: 

have good protein digestibility. Two ciues to iniptoventeill
should 

illcooking broth has higher digestibility
part of beans that suspends readilytile 


the intact beans, and Jaff6 has characterized a bean globulin that is particu
thani 

larly resistant to digestion.
 

legitmes are stored. Increased
Cookabilily and digcstibility decrease when 

cooking time increases fuel requireiew!-, and prolonged cooking results in lower

ed lysine availability and biological value. NutritionaI inmplications of coinme rcial 

receive attlention.and home-processing reqireiients most 

Amino-acid pro!:les, determined biochieliically, do not always cotrrelalt well 

beans, due to diflerences indigestibility, availabili
with biological quality of tile 

invitro inetwids are needed for measuring these 
ty, toxic factors, etc. Better 

factors, bt bioassy will be requited until such methods are perfected. 

are known, bt relatively few have been studied.
Many varieties of legunies 

on their composition, agronomi2c characleristics, and
More inforniation is needed 

nutritivc quality. Effects of environmental conditions oil nuiritive value and 

olher qualities also are poorly known. Examples were cited of differeinces within 

and between varieties in protein content, biological value, and toxic factors. 

Legumes provide energy and other essential nutrien ts (calcium, iroii, B vita

ins) and the contribution and availability of these most be evaluated. Selection 

and use of legumes must be considered iii the context of tiletotal diet of 

count ries, of populations within countries, and of household members. 



RESEARCH NEEDED 

Paul Lunven 

I would like to classify tile research required in two categories: first, nutri
tional needs; second, plant breeding. It is obvious that much research is needed
in the nutritional field, more especially in view of the fact that, as was stressed inthe discussion, two different types of beans with the same protein content may
have quite differeat nutritive values. Is that due to digestibility, toxic factors, orother causes? We do not yet know. T-hereforc, I think lhal ine research field tobe emphasized is the digestibility of' grain legumes. Dr. Bressani has shown
several tables demonstrating discrepancies in tie availabilitv of or digestibility ofvarious beans. I-or example. it was claimed thai Caianmshas a digestibility vary
ing from 59 to 90 per ceit. Such a range should be clarified.

Flatulence factors have also been stres:sed. SolC work has alreadv been done
in relation to studies we have carried out here in FA0. In Algeria, for example.
where grain legumes Form prt of protein-rich food for children, the galactans andpenlosans are claimed to be responsible. at least partly, for the flatii.ince effect 
that has been observed. This area also should receive more allnlion. 

The variability off the screening techniques tused in snidVig fle conposition
of m'-v varieties of legumes requires .:.tadardization of either tile chemical assayor tht: ioassay, including the breaking down of protein and the isolation of its
different proteinic components. Further research should be carried outl ol
improving and specdin tup the bioassay of protein.

Much more research is also needed on hCat treatment, which has direct coilsequences on tle nutritive value of leguma nes. Pro per heat treat iiien t sh ouald lie
developed to preserve the samethis and, at lilc, Io destroy or couiteract all
 
endogenous toxi,: factors.
 

Research programs in plant breeding should put more emphasis on Ihe qality
of protein. Amino-acid profiles should be siidied, and ways aind le,ins fiould to
improve the sulfmir-amino-acid content of' the beans. Also, tlhe point madewas
that tryptopha", lysine. and sulfir-amino acids increased proportionally with the 
protein content of grain leguiies. Tieretorc, anollier airea or further research ishow to identify and multiply legumes with a high protein contell.

I would like to say soilething here about the high-yielding varieties. These 
appear to uls to be an extrelnelY illiportalit aspect of' leglle consumllption if
developing countries because small, marginal flarners are not muchmmCen ulir.-gedby the low yield of' the local grain leguies. Thus, the availabilily of high-yi-.elding
varieties would give Ihelii economic incentives to grow these beals. 

This leads ine to another poilit ienltiolled by I)r. Blressani with regard toharvest and storage anid, in parictilar, to the quality of' the protein in relation tothe length of storage time. O11e of the serious d fficilties of' grain-legulne produc.
ion in developing coointries is tile heavy loss calsed by insect ilfestation during

the whole process of Cultivation, harvesting, aind st agie. Consequently. the
introduction of high-yielding varieties should be accoiipaiied by proper storage 
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facilities. This will intluence price stability favorably and improve availability of 

supplies tltrolighout tihe year. This point might be discussed further. 
in seed quality aiid size tlilare 

Another discuission concerned tile standard 
,nlient of glaill legumes. h'bis proved to be 

claimed to Correspond to tile proteill 
neIed to standardshould claril'y wl I we 
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ize seeds. 
tile major, most commonly 
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Filialy. it 

and also oln those strains
grain 	legtumes by ecological zones

CoIsti ned, species of 
many people throughout tite 

not known hit ire consumed bythat 	 ire well 
wo rl d. 
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Comuleil. 
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2. 	 Need for high-yielding legumume varieties for for
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3. 

order to insure Optilitlll yield
ntrnIs On seed quaility anod size ill

4. 	 Need I'Mo 

and 	 tmritive value of the crop. 
uality of grain legumes.
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BASIC RESEARCH NEEDED FOR FURTHER IMPROVEMENT 
OF PULSE CROPS IN SOUTHEAST ASIA 

M.S.Swaminathan 

Thc knowledge gained by concentrated work in the last few years has been 
summarized in a recent publication of tileIndian Agricultural Research Institute 
(IARI). This report makes it clear that tileyield of pulses can he increased 
substantially from their present low levels. Ihlwevel. even these yields are insa
tisfactory when compared vith the levels of the present-day, high-vielding varie
ties of cereals. Also. the realization of these potential yields illpulses May have 
the paradoxical effect of lowering their competitiveness. For with greater pro
duction, pulses may lose the advantage of' tile higher prices they con111:d al 
present vis-a-vis the cereals. But, from, the point of view of' insuring adequate 
nutrition for tie more vulterable sections of tileconnnty. it isessential that 
prices should he low enough for even the poorest to be able to incllle adequate 
quanlities of' pulses intheir diels. Therefore, the yield levels in pulses must be 
raised to that obtained with cereals. 

It has been suggested that pulses have an intherently lower yield-otl-l ntial than 
cereals. This may be a reflection of evohlionary history of tihe legumes.tile 

However that may be, tire need for concentrated. basic investigations to under
tand the causes for the apparently lower yield-ceiling cannot be doubled.Tiese 

,jroblems are likely to be cotmnti for all the pulse crops, so there would appear 
,be a great advantage inconcentrating such basic work at one center. Follow

ing :re soic of the major aspects on which such basic infrnation is needed. 

Factors Affecting Photosynthetic Efficiency 

Inthe United States, Canada, and Australia. extensive stutdies On pihotosyn
thesis in relation to crop product ion have been initiated on sorghloni. maize, and 
soybean. These studies clearly indicate that high-photosynthesis platnts are char
acterized by the enzyme phosphoenolpyruvate (PEP) carboxylase, a low ('O, 
compensation point, a high cyclic/ioncyclic ratio. a special bundle sheath, and 
high efficiency of tranlslocation insor-glum and mtnaize (latch, el al., 1969). It 
further appears that photosVtlthesis may not always be associated with PEP 
carboxylase. In fact, it has conli to be realized that such a large number of' 
characters, which by themselves are dependent upon several enzynles, may not 
be linked genetically. In some genitypes - by coincidence or, more probably, 
by selection -- most of these characters have combined. 
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Probably tile optinmum combinations of all these characters have not yet been 
incorporatcd into any one genotype. Therefore, attempts now arc being made 
in several laboratories to establish tile relationships of the characters at the level 
of various taxa. Scientists at the Carnegie Institute in tile United States have 
been able to obtain two species of Mimulus that grow under two distinct cnvi
ronmients of high altitude and dry conditions. Photosyn thesis rates and enzyme 
colmposition of these species show characteristics of low and high photosynthesis 
groups. Interspecific crosses have been successful, and the genetics of this charac
ter is being studied. Similarly, two species of' ltriplex, representing two distinct 
photosynthesis grouups, have been isolated and crossed sticcessf'ully. The F, 
shows no dominance, but in F,. genotypes with varying levels of PEP carboxy
lase were observed (Carnegie Institute Report, 1970). With the exception otf 
these two instances, no serious attempt has been made to understand time genet
ics of tie photosynthesis nmechanism in higher plants. Even in this case, emphasis 
is oil carbon-dioxide tixation. By and large, this is true of' most labo'atories 
where photosynthesis work in relation to crop production isin progress Similar 
studies of grain legunmes are very essential. 

IHowever, tie utilization of solar energy is in the productioit of' adenosine 
triphosplate (ATP). Once produced, ATP need iot be used only in time fixation 
of' carbon dioxide: instead, it can be utilized for inch other energy-requiring 
processes as synthesis of protein, faits, etc. Variability in 1hotosynthesis in dark 
reactior, needs extensive investigation. It is all the more important because sever
al enzymes are involved in this process. Therefore, one can expect genetic varia
lion in this very imuportamt trait of' plants. At time species level, variation has been 
shrownr. Recently, Sinla ard Klanna (1072) studied piiotophoshorylation dur
ing the growth and devclopilnent of wheat species and varieties. The existence of' 
variation was obviols. Such studies must be extended to pulse crops. 

Another aspect of plhoosynthetic efficiency is time capacity to utilize effec
lively high levcls of ,oll cucligy. Somnc crops., like maize and sorghums, have the 
aIbility to use light inrensity of 8,0001f.c. and above. Other crops, such as 
soybeans, reach the saturation limit at a light intensity of labout 2,500 to 3,000 
f.c. Little il'ormation isavailable a1out the behavior of pulse crops, but data oim 
the perfItOrirllce of the same set of genotypes in summer and in the rainy season 
suiggest that tile ceiling of light utilizatlion of tire presently available varieties of 
pulses imav be as low as ii tlre soybean, if not lower. 

A rela ted qurest ion is the occurrence of photorespiration in pulses. Obviously, 
stuch phlor respiratioll would have aInegalivC effect oil time "realized" photosyni
thesis. Photlorespiration has been shown to be present in soybean and field bean, 
and presirlirably it also is important in the pulses. It is possible, however, that 
genotypes iIay exist that do not exhibi ;uch pirotorespiration. 

F:ctors Affecting the Harvest Efficiency 

Tire imporrtance of a favorable harvest index, in terms of tie partitioning of 
time phottsynlate to tie economically useful part of the plant, has come to be 
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well recognized. In the pulse, little selection would appear to have been exer
cised in maximizing the harvest index by selection of a suitarible plant type.
Results of such studies on tile cereals can form the starting point, bil they 
cannot be transposed uncritically to pulses. For instance, one of the inportant
considerations in determining the optimum plant type in cereals has been tle 
presence of erect or nearly erect leaves, which allows letter penCetiation of the 
sunlight in close stands. Ilowever, it has been suggested that il sonice clovers the 
photosynthetic efficiency, and not the leaf angle, is important. There is. [here
fore, a great need for basic research on this aspect otf ptlse crops. 

Although high potentiality of phtosyntliesis is a prerequisite fbI obtaining
higher yields, it obviously cannot be the onlly factor responsible f'r high ecollo. 
mic yield. So far, the storage capacity of a genotype. usually called tle sink 
capacity, has been determined in terms of" such yield coilipolienlts as graili
number and grain meight. The significance of' these characters and lie siiplicity
with which they can be studied should liot be uniderestiliated, for the ficl 
remains that the characters are influenced greatly by tlic plotosyitlhetic ability 
of different plant parts and the translocalion rates of pholosyntliales of the 
plant. Therefore, scientists are turning to the physiology of dc'.eqt~piug graills
and studying the activity of* enzymes associated wil the svnlthiesis of st archi, 
proteins, and fats. Tsai and Nelson (1969) have shown ill maize th:it very poor
activity of starch-synthesizing enzymes exists in the presence of the sugary gele.
Tsai and Nelson (1968) also o~bserved tlhat chang,,s in ,;arch content closely 
followed the activity of starch synthietase. The activity l"fthese enzvues seems 
to be regulated by inorganic phosphate, potassium, adenosine diphiosphate
(ADP) and phosphoglyceric acid (PGA). Obviously. their, phosphate and potls.
siurn availability could have a profound effecl o l tire enzymes and, ill turn, oil 
starch synthesis and grain development. 

A simple way to assess the storage capacity of a genotype could be by
studying tie incorporation (f a precursor inlto the reserve product. IBy using 14 C 
uptake and its incorporation il1o starch, scientists have observed that varietal 
differences exist in tall, mcdium, and dwarf wheats (Sinha. 1971). Ilformation 
on these aspects in pulse crops is almost completely lacking. ard is needed 
urgently. Finally, on the basis of these studies. it appears that the future type iii 
crop plants is not to be based on morphological architecture alone, but also ol 
metabolic capacity. 

The important aspects of such investigations oil variability in photosynthetic 
efficiency in relation to yield follow. 

I. Field conditions: 
a. Differences in the retention of carbon dioxide in plant caliopies (If 
different pulse crops and genotypes. 
b. Rates of photosynthesis under field conditiols and iii relation to cano
py structure. The canopy structure be changed by usingcan diffcrent 
genotypes and by manipulating nu trilion and populations. 
c. Rates of photorespiration under field conditions. 
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d. Respiration of plant canopies in relation to canopy structure, C02 

concentrations, temperature, and humidity. 

2. Labora ory: 
a. Variation in photoplhosphorylation, both cyclic and noncyclic, at the 
species and varietal level in relation to developmental stages. 

b. Response ol pliotophosphorylation components to light intensities. 

c. Variation in PIP carboxylase and ribolosc, 1-5 diphosphate (RuDP) 
carboxylase at species and varietal level. 
d. Response of cal boxylases to light. 

e. Genetics otft liotolphtosploryla ion and carboxylation. 

Adaptability to Stress Environments 

Pulses are grown predominantly in conditions of moisture stress with limited 
rainfall. One of the limitations in increasing their production is their intense 
local adaptation witlhin each region. The recent success in wheat and rice has 
beeni due nminly to the wide adaptation of the new varieties. This involves 
several iiechaoisnis, such as changes in plant type, photo and thermal insensilivi-
IV, utilization tfnutrients in the early stages of growth, and better harvest index 
as a resull of an efficient mechanisn for transfer of photosynthates frotm leaf to 
grains. Some oC the primitive cultivars are found to possess several adaptative 
gene blocks, which, if incorporated into these high-yielding varieties, can extend 
tie degree anid ralge ol their adaptation. They will also provide the basis for 
improved disease resistance anid nutrilional quality normally found in the primi
live cullivars. During the past five years, studies by Finlay arid Wilkinson ( 1963) 
on the biology of adaption in wheat and barley have yielded the iiform ation 
that there is considerable genetic variation among the collections in response to 
changes in environment. They developed simple statistical techniques to identify 
such genotypes and to demonstrate that a crossing program between them im
proves both the yields and range of adaptation. 

One of the mechanisms used for millets in India has been the utilization of 
heterosis, using phoio-insensitive male steriles of sorghum and pearl nillet. 
Studies similar to those carried oul ol wheat and barley, mentioned above, 
should be done inthese crops, particularly fr stability of yield under a wide 
range of' moisture stress. This will help to identify genotypes with diverse me
chanisms of adaptation it)such environment that can be brought together into 
one genotype. 

The paticity of iiformation on the biochemical basis of adaptability has 
slowed down the improvement prograin for this character. Indications are availa
ble that certain sulfur compounds may be involved in coping with environmental 
stress. It is necessary to undertake detailed programs of physiological investiga. 
lions by following the pat tern of distribution of sulfur-containing amino acids. 
This will be done by examining different genotypes of varying adaptability for 
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these constituents. The studies will be conducted both in the field and under 

controlled environment. Based on this information, further studies on specific 
chemical constituents will be undertaken. 

1. Field conditions: 

a. Partitioning of dry matter: 

b. Translocation of photosynthates from leaves to seeds; 

c. Seed development; 

d. Effect of growth regulators on the partitioning of dry matter; 

e. Anatomical studies on the translocation channels. 

2. Laboratory: 
a. Genetic differences in the translocation of labeled corlpounds under 

controlled conditions; 
b. Studies on seed development and capacity to synthesize proteins and 
carbohydrates; 

c.Study of starch synthesis in relation to seed development; 

d. Effect of temperature on the developmcnt of enzymes. 

The Indeterminate Flowering Habit in Pulses 

Flowering in pulse crops isindeterminate. The processes of vegetative growth 

on the one hand, and flowering and seed development on the other, go on 

simultaneously, in contrast to the cereals, in which there appears to be a sharp 
demarcation between vegetative growth and reproductive development. 

The importance of photosynthetic activity at the time of grain development 

has been clearly brought out in cereals. The position with respect to legumes is 

not so clear. Apparently, screening should be done for photosynthesis and its 

efficiency at different developmental stages. The extended growth and flowering 

periods would mean that photosynthates would be partitioned not only to the 

developing fruits and seeds, but also to the newer vegetative growth and new 

inflorescences. The results obtained with cereals may not be wholly applicable to 

pulses, SO it isessential that investigations of this factor be undertaken. 
The high rate of flower-shedding in pulses also needs investigation. Recent 

studies have emphasized that one objective should be to breed pulses for greater 

seed production per unit of vegetative growth. One method would be to have a 

greater number of pods. Prevention of the shedding of flowers and young fruits 

also could make a substantial contribution. Basic investigation oilthe existence 
of genotypic variation inl respect to this character are needed. An understanding 
of the reasons for such tlower and fruit shedding - whether it is due to limita
tions of nutrients, hormonal imbalance, light or temperature dependence, or 
some other environmental influence. are needed urgently. 

The indeterminate flowering habit of pulses also results in the fruits maturing 

in successive flushes. Especially if the mature fruit has a tendency to split open 
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and cxpose the seeds, several pickings may be required - a laborious timc- and 
labor-consulning operation. One solution would be to breed for synchrony of 
fruit maltrily. IHowever, the genotypic variability of this character and its genet
ic :ontrol will need to be bet tcr understood before the problem can be tackled 
effectively. 

Factors Affecting lhe Symbiotic Relationship 
Between Legumes and Rhizobia 

A Ilclor unique t(i the lgmics is the symbiotic relationship that exists be
tween them and certain bacteria that are capable of fixing atmospheric nitrogen 
the legules can utilize. This property ot' adding nitrogen to the soil makes 
legulles an invaluable component ot',agriculture in such less-developed countries 
as India. Iowever, optimal efficiency in this process depends on meeting ade
qualely thc requirements ot' the microorganisms. There appears to be considera
ble specificity in the htost-Rhizuhium, relationship. Such specificity may exist at 
the generic level and also play an important role, as has been shown in soybeans. 
Among the pulses, swh work has not yet been extensive, but there are indica
tioms ofI' differences amtong species of' hast'ohis in tile type and region of nodule 
ftorition. which appear tO be uttir genetic control. Again, it hlas been f'ould 
that muantsls tdailed by ilrladiationldiffer from the control in their infectability 
by and symbiotic relatiolship with given strains of file bacterium. Varietal dif
f'erences :alsu, have been shmovn to exist inl factors toxic to the bal,:erium located 
in the seed ctl ol' some pulses. 

Another complicating fa.ctor is that ihere need not be a close relationship 
between et'ficictlcy as nitrogen fixers anid the competilive ability of' bacterial 
strains or their iesislance to bacteriophage. Ili countries like India, where pulses 
have heen grown rui time iinmmemorial, the possibility is that Ihighly competi
tive bacteria specific to these crops mn:ay exist in the soil. Such bacteria may then 
suppress tie improved strainls used to intoculate tile seed 

These and otlhel complexities, such as the adverse e'ffect of litrogen applica
lion ol rhi/.obial infection, has led to the idea that it might be prefcrable to do 
avay with this symbiotic rehatiol ship ;tIld 1ed the legume plant directly with 
high doses of' nitrogen, as is done with cereals. The availabili'y of mutants 
(naltural om induce.d) that lacK the capacity to form nodules (even when the 
aplropriate strainl of tIe bacterium is present) in soybean mnd some other leg
nines, such as pea. has made this a feasible propositionl. 

Attractive as it may look, there ate cel'tain difl'icullies in accepting the propo
siliomi fully. First, it is not clear if' application of high doses of nitrogen would 
lead to higher viehts ofI' grain studies on tie alplication of' relatively high doses 
(nore than sufficienit to cotmpensate Ior the loss of rhizobial nitrogen) to pulse 
crops have resulted in excessive vegetative growth, but not in commensurate 
increases in grain yield. Again, at least in the comditions under which pulses 
tenerallly are cultivated. it may be difficult to apply very h igh doses of fertilizers. 
Second. in developing countries like India, where pulses play a crucial role in 
nutrilion, it appears doubtful that the required quantities of' fertilizers would be 
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available. The wisdom of converting pulses from suppliers of nitrogen to the soil 
to consumers appears debatable. (Pulses have been estimated to ad' more nitro
gen to the soil each year than do fertilizers in the whole of India.) 

Studies on the Biosynthesis of Storage Proteins 

There is now considerable information on the biosynthesis and regulation of 
certain anlino acids in microorganisms. Tlie biosynthesis of' proteins and amino
acids in plants that are a major source of these essentials for human populations
have been poorly studied. fit bacteria, several mechanisms are known to egulate
the biosynthesis of thrconine. isoleucine, lysine, and niethionine, which have 
aspartate as an initial precursor and are essential for ounr nutrition. In bacteria, 
one call resort to the analysis of llutants on stpplcmen ted media to determine 
biosynthetic pathways. Complex organization in higher plants did not offer anv 
such advantage until recently, when isolated cells were cultured and made to
differentiate under controlled conditions. The paper oilfirst fie regulation of 
lysine biosynthesis in plants appeared only three years ago.

From the point of view of' fundament 'al aid applied research, it shottld be
essential to know the biosynithesis of anino acids in germinating seeds and in 
vegetative and reproductive organs, including developing grains. This information
is needed in the growing and differentiating cells of different crops. Sttudies with
plants grown under controlled conditions would have a direct bearing on) tie 
various aspects of' protein synthesis and quality, whereas in vitro studies are 
important to establish biosynthe tic pathways of aiiio acids. 

Conclusion 

The results obtained in India on the possibilities for pulse inprovemen t and
 
on the need for an intensive attack on sonic 
 of the basic problems relating to 
breaking the ceilings of high yields in these crops (see paper by Swaminathan 
and Jain, this volune) would suggest that an intlernational research effort involv
ing an interdisciplinary cluster of highly talented scientists could be most eff'ec. 
tive. Such atn effort could become the single most significant effort in the battle 
against protein malnutrition. 
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FOOD LEGUMES IN 
INDIAN AGRICULTURE 

M.S. Swaminathan and H.K.Jain 

Food legumes, or pulses, as many of them are commonly known, occupy a 
unique position in Indian agriculture because they provide the oldy high-protein 
component of the average diet. No olher country in the world has so much area 
under these crops as does India. it has been increasingly recognized in recent 
years that pulses offer perhaps the only, and certainly the most practical, means 
of solving the protein-malnutrition problem in India at the present stage, as it 
may take many years to bring about a major advance in the production of 
high-protein foods of animal origin. Pulses contain 20 to 30 per cent protein on 
a dry basis, which is nearly three times the value found in the cereals. 'he 
per-acre productiol of protem1 is higher from pulses, compared to the cerels,
and the quantity can be increased greatly if the present varielies are replaced by 
higj,-yielding types. 

Pulses already constittte an acceptable part of the Indian diet, and tle prac
tice of taking them with wheat and rice has been found to have a sound scientif
ic basis. Pulses are generally rich in ly,:ine. an essential amino acid that is often 
deficient in cere, Greater availability of pulses thu call make : significant
contribution to the nation's physic:ll and imwntal health. In view of this impor
tant role of pulses in eradicating protein nalnutrition, there has been coirsidera
ble concern among government leaders, administrators, and scientists that the 
recently released, high-yielding varieties of cereals may compete with these crops 
and push them out of cultivation (Swa:ninathan, 1971). In fact, there already
has been some diversion of land from crops such as chick pea to wheal, and it is 
of paramount importance to insure that intensive production progratms, similar 
to those in cereals, are organized for pulses, too, so that the country's agricullure 
shows a balanced growth, and tile food needs of' the people can be toet in terms 
of balanced nutrition. Recent work at the Indian Agrictullural Research Institute 
(IARI) and other centers in the country has shown that, with the (levelopillent 
of high-yielding 2171d short-duration varieties of pulses, it should be possible to 
grow cereals and pulses as conmplemuentary, ra thter than cotupe ting, crops. 

The pulse crops also derive their itnportance frou their relatively low water 
requirement: because of this chara,:Ieristic, they offer a most important means 
of increasing agricultural production and farmers' incomes in India's dry lands, 
which constitute more than 75 per cent of the total cropped area in the country. 
Finally, over the past hundreds of years, pulses have been an important way to 
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restore the fertility of Indian soils in the absence of adequate manuring. Mehita 

(1970), who has been one of the leading pulse breeders in India, believes that the 

pulse crops have been the mainstay of Indian agriculture, inasmuch as they have 

out reasonable quantities of tood grains, even whenenabled the land to turn a 

major part of the area under cultivation has receivcd hardly any manures or 
inclided in rotations in most ofchemical fertilizers. Pulse crops are generally 

India, and have helped to keep soils alive and productive through their capacity 

to fix atmospheric nitrogen. 

Area and Production 

Pulses occupy nearly IS per cent of the total area under food grains in India, 

but their contribution to the total food-grain pioduction isless than 12 per cent 

(Table I). Thus, it isclear that, compared to the cereals, pulses give considerably 

lower yields. This difference has widened in recent years. Tie production of' 

cereals, inire particularly of wheat, has risen significantly during the last five 

years, but the prodlctioln of pulses has continued to fluctuate between nine and 
20 years, largely as a function of variation in13 million tons dhiring tihe past 

seasonal conditions. During the last fonr years, the lower trend in production 

appears to have been ain ain ed, and this is admost entirely because fariners 

have found it inore profitable to grow wheat than pulse crops. such as chick pea. 

Factors Responsible for Low Yields of Pulses 

Compared to tihe cereals, the average national yields of pulses have been very 

low, and the difference continues to widen. An important factor responsible for 

the low production of pulses in India is that many of the available varieties of 

these crops take a long time to mature, with the result that their !,'owing season 

overlaps that of the cereals. Consequently, tile per-day prodlictivity of these 

varieties is low, and the farmer has to choose between the two groups of crops. 

A factor responsible for the poor yields is that these crops generally have been 

grown in lands of marginal prOdUclivity without the benefit of such inputs as 

fertilizers and pesticides. One resut of this low-level management has been that 

those genotypes have been selected which have the capacity to do well under 

adverse conditions and cannot take advantage of more favorable factors of crop 

growth. This emphasizes the need to huild tip extensive genetic stocks of pulses 

from different parts of the world, so that breeing work can be organized to 

make use of wider gene ptoCs. 

Important Pulse Crops and their Improved Varieties 

Important Pulse Crops 

Although a la-ge number of pulse crops are grown in India, the most impor

tant of these are dlick pea and pigeon pea, which, taken together, account for 
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TABLE I
 
Area and Production of Pulses in India (1969-70)
 

Total area Total Area under Total Total Production 
under 
food 
grains 
(million 
hectares) 

area 
under 
pulses 
(million 
hectares) 

pulses as 
%of (the 
total area 
under food 
grains 

production 
of food 
grains 
(million 
tons) 

production 
of 
pulses 
(million 
tons) 

of pulses 
as '/( of 
total food 
grain 
production 

123.57 2'.0 23 17.82,,, 99.501 11.691 I1.75' 

nearly lia of' the total acreage under pulse crops, and fI 60 per cent of the 
tota pulse production. The olher important pulses are those of the I'hascohs 
group (green grain, black gram and moth), lentil peas, khesari dhal, and cow pea.
Some of the less important pulses include species of Dolichos and the more.
recently introduced soybean. Table II sumnmarizes the more coinmordy ciilti. 
vated pulses in terms of their area and production. 

GeneticImproven(tni of Ptlses 

The work on the genetic improvement of pulses in India can be considered in 
two distinct phases. The first phase, starting in the early part of the centurv,
ended about 10 years ago, and has been described in a recent publication of lie
ICAR (Kachroo, 170). A major characteristic of' that phase was tial improve
ment was sought largely through simple procedures of' selection front, local col
lections of land races available within tie boundaiis of' the slates in which 
experimental stations were located. This work has been most valuable, as it has
resulted in tle availability of varieties that are commonly cultivated at present,
and has provided a base fro which more signiticant :idvances in yield cal ite
obtained through intensive plant-breeding programs. The greatest limilation to 
progress in this work has been the unavailability of ;-,,stricled genetic variability,
with the result that it was not possible to exploit more favorable kinds of gene
actions. Also, tie selections w\'ere made under a low level of management, covres
ponding to the conditions in the friners' fields, wilh tile result that the varieties 
developed in the course of this work are not particularly suited to respond to 
fertilizers, irrigation, and other inputs. Tire inre inmportant varieties of the 
different pulse crops that were develope I in various parts of' the country are 
summarized in Table Ill. 

The second phase in the improvement ( f pulses started with the sewing up )of' 
ant all-India coordinated research project, with the parlicipalt I of a large num.
ber of research centers in dif'eret parts of the country. 'Ihis work has already
made significant progress and a number of high-yielding varieties have bectme 
available, so pulses can Ihe brought incrcasingly tnder intensive arid conincrcial 
cultivation. Some of the important advances are described below.

Wiider collection antd exploiatiou of gerui plasiz. During the last six years, 
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TABLE II
 
The Major Pulse Crops of India and Their
 

Relative Areas and Production
 

PercentageCommon of total
Fnglish Indian 

productionnarne r.ame Area
Botanical name 

41.0 51.0chanaCicer ariiiolu chick peas 

or
 

Bengal gram
 

9.8 11.2 
(at,us r'dl/apl pigeon pea arhar or 

ti"
or 


red gram 

6.5 3.9 
1hl,,'whx Inu,,1go black urd, mash, or 


gram kalai
 

2.5 
I'Ihas -olus ul ('u1,V green iou lg 5.4 


gram
 

6.2 2.6mothI'a11h, s 

2.93.3nasurlentilLals s-cub'lh' 

3.06.3kulthihorseDoli/hos 
grambiflorox 

5.4 9.8matar]1s11m S"lil-1tlil peas 

7.9 7.6 
Lafthvriv: safirus chickling khesari dhal 


vetch
 

8.2 5.5 
Othr ru.s 

Iltlal 	 100.0 100.0 

cfforls have b),Cl1 made to organize extensive collections of geri plasm of the 

various pulse crops from different parts of tile world. Table IV summarizes the 

stocks that have been collected with the collaboration of tile United
genetic 

been classified and
States Departmen of Agriculture. These collections have 

and have been grown at a number of centers all over the country
calalogued, 

available to the pulse
during the past five years. their seeds have been made 

It should, however, be emphasized
breeders in diffcrenl parts of 	the country. 

means complete, and represent only a fraction of
that the collections are by no 

the world genetic variability. The future success of the pulse-imlprovement pro. 

jects in India depend greatly oi our ability to enlarge the range of these coUec

tiollS. 
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TABLE III 
Some of the Commonly Cultivated Older Varieties of Pulses 

Yield in Maturity 
Varieties quintals/hectare in (lays 

Chick pea 

G.24 18.00 120 
T-I 21.00 115 
NP 58 18.00 120 
G-62-404 16.00 110 
RS-10 18.55 125 
Cha ffa 15.60 108 

Pigeon pea 

NP(WR)I5 14.50 280 
C-I 10.00 200 
NO. 148 12.50 188 
T.17 14.50 270 
CO-I 8.00 180 

Green grant 

T.1 8.00 68 
T.44 5.50 65 
Jalgaon 781 5.40 75 
NO. 505 4.70 85 
11-1 6.25 70 

Black grain 

Mash 1-1 8.00 90 
Mash 48 10.00 94 
T-27 10.40 130 
T-9 9.30 80 

Cowpea 

Pusa Phaiguni 12.00 80 
K-I 1 12.00 85 
IC-10 10.00 85 
T-2 15.00 98 
CO- 10.00 110 

Lentil 

L 9-12 18.25 110 
T.36 17.43 96 
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TABLE IV 

Germ-plasm Collections of Pulses at the Indian 

Agricultural Research Institute 

Total CountriesIndian Exotic 
entries represented

S.No. Crop collection collection 

,1
6620
4817
1803 
. Graim or chick pea 
(Cicer rir.etinlm) 

16107 513550282. Arhar, or pigeon pea 
(Caanusca/an)
 

475 1016 1491 18 
3. Mung, or green gram 

aIqtascous aureus) 

1- 3103104. Uiad, or black gram 
[Iqtaseohus nntngo)
 

706 1422 497165. Lobia, or cow pea 
(Iligna sinensis) 

415 528 943 14 
6. Masoor, or lentil 

(Lensescuenta) 

1
418418 
7. Peas 

(Pisumo satirlmn) 

839 7752 878. Kt'csari. or lakh 
(Lathyrus sativ'us) 

iiIproelentofpulses. The pulse-breeding work in India 
N 'ewconicepts ill I/it, 

been greatly influenced by the concept of 
during the past five years has 

very useful in the improvement ofsoimproved plant type. which has proved 
the crop plants investigated most 

wheat and rice. lhese two have been 

intensively, but in spite of a long history of research. it has been found necessary 

in recent years to give them a new form to improve thcir productit. Based on 

the IARI has reexamined plant types in several other 
this finding, our group at 

in, 1969: 197 1). This examination has 
groups e - :rops. including the pulses (.l 

be even more rewarding inl the pulse
shown that a change in the plant type can 

froin the plant breeders than 
which have received much less attentioncrops. 

have wheat and rice. 

A major reconstruction of the plant type in pulses has required areduction in 

so that more plants can be raised per
their spreading and oushy growth habit 

in their harvestan improvementunit of land. Associated with this has been 
i e.,thethe economic yield/totld plant weight.

index (weight of grains, i.e., 

biological yield). 
A high-harvest index, which obviously is of such great value in crop plants, 

offers no particular advantage when the plants grow in awild state. T1e process 
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of donestication and subsequent selection of crop plants during the past thou

sands of years brought sonie improvement in their harvest index, bul .he trans

formation is by no means complete. It can be expected that some of the major 

advances in crop improvement in the future will come through a genetic recon

struction of plants in the direction of a high-harvest index. 

The reconstruction of plant type in terms of improved harvest index is often 

difficult to achieve without changing the physiological structure, more particu

larly the photosensitivity. lius, a major breeding objective in recent years for 

crops like pulses has been to cut down their excessive vegetative growth, improve 

the harvest index, and reduce their maturity duration. This last attribute is most 

important, as it helps to increase ie per-day productivity of the pulse crops and 

makes it possible to fit them into more intensive cropping patterns. 

The New Varieties 

Based on tile concepts outlined above, efforts have been made for the genetic 

improvement of several of tile pulse crops in order to increase their yields and 

extend their cultivation in both time and space by filting them into new crop

ping patterns. These studies, leported by Jeswani and his associates, have been 
cow pea. lentil,particularly successful with pigeon pea, green gram, black grai, 

I968" ,Ieswani andand pea (Jesvani, 1908, 1970 a and b: Jeswani and Ahuja, 


Jai, 1969; Jeswani, et al., 1970). Thus, it has been possible to ielease a number
 

of new varieties of pigeon pea developed dIuring the past five years, and their 

seed is being multiplied on a large scale by the National Seeds Corporation. 

Some of these varieties allow a population of 72,000 plants per liecl are, as 

against the 35,000 allowed 1)y the older types. The inaturity duration of these 

varieties has been reduced to live to six rmonths, which is nearly hal f that of lhe 

older varieties. The reduced duration should make it possible to cultivate pigeon 

pea in rotation wilh wheat in the nolthwestern wheat belt. This has not been 

possible previously because of tile overlapping maturity of' the two crops. The 

per-day productivity of some of tile new pigeon-pea strains amounts to nearly 27 

kg per hectare, which compares favorably with 17 kg per heclare of the older 

varieties. Under conditions of sulitablC mana1gcnk ut, ihese varieties have given a 

yield of 25 quintals per hectare. Three of these varieties, named pusa agcti, 

sharda, and mukta, were released during 1971. Pus:i ageti is the earliest in mattur

to harvest. The variety is particularlyity, taking about 160 days from sowing 

suitable for growing with high-plant populations. The new variety, sharda. is 

in its growth habit, and takes about 170 days to mature. Thesemi-spreading 
areas and also for mixed cropping.variety is particularly suitable in nonirnigated 

It has a protein content of 22 per cent. The third variety. mukta, lakes about 
to180 days to mature and hul.s shown w\ide adaptability. It is eatively resisiant 

the wilt disease, which is a serious problem, parlicularly in the northeastern and 

central parts of the counlry. 
Short-duration varieties marked by a high-harvest index have also been devel

oped in green grain and cow pea. A particularly significant contribution has been 
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made by one of the new green-gram varieties called pusa baisakhi, which is now 
for harvest within awidely cultivated in many parts of tie country. Ready 

period of 70 days, pusa baisakhi can be grown as an additional crop during the 

months between the main rabi and kharif seasons. With a yield potentialsummer 
10 quintals per hectare, this variety makes a significant contribution toof nearly 

tihe farmers' income. 
Another pulse crop particularly important in the states of Bihar, Madhya 

Pradesh, and Uttar Pradesh is the khesari dhal; it is known for its adaptability to 

adverse soil and climatic conditions. This pulse, however, is known to contain a 

neurotoxic material, and excessive consumption of its grains causes a disease 

known as lathyrism. After intensive work during the past five years, it has been 

possible to evolve varieties of khesari dhal that are relatively low in the toxic 

material. A number of these varieties are being tested at present in the all-India 

coordinated trials and are expected lo be released shortly. Feeding trials are also 

in progress at the National Institute of Nutrition, llyderabad. 

Chick pea is the most important pulse crop of India and it is generally 

cultivated in nonirrigated areas or, less commonly, as a second crop under irrig

as an insurance against the failure ofation. As a mixed crop, chick pea is grown 

rains. A number of early-maturing varieties with good yield potential have been 

identified and are being tested in countrywide trials at present. Some of the 

most important problems in the improvement of chick pea relate to breeding for 

resistance to the wilt and blight diseases- in the absence of extensive genetic 

stocks from different parts of the world, it may take several years before resist

ant varieties become available. 

Nutritional improvement. Pulses are known to be characterized by a high 

protein content, so improvement for yield has received major attention. 

Ilowever, attempts also have been made to increase their protein content and the 

content of such essential amino acids as methionine and cystine, which tend to

be low and so limit the biological value of protein in these crops. As a first step, 

Kaul and his associates (1971) have undertaken screening of genetic stocks lor 

content and quality. Extensive analysis has shlown considerable variabiliprotein 
ty, which could be used for upgrading the nutrilional value of pulses. The 

a rangefrequency distribution of the sampies of chick pea analyzed indicated 

from 1.00 to 3.5 nig metliionine!g sample. Considerable variation was also 
be seen infound in the protein content of varieties in the different crops, as can 

the data presented in Table V. This variability, and others induced in the course 
an evenof sonC mutation studies, left little doubt that pulses can be better 

source of protein than they are at present. 
The second phase of plant-breeding work on pulses has resulted in the availa

bility of a number of improved varieties, which combine such desirable charac

,ers such as early maturity, high-harvest index, and a good yield potential. The 

more important of these varieties are listed in 'rable VI. 
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TABLE V
 
Variability forProtein Content in Different Pulse Crops
 

(1969-1970) 

%Protein 
Pulse crop Variety x location Range Mean 

Chick pea 16 x 12 12.4-28.1 19.5 

Lentil 10 x10 20.4-30.5 14.8 

Arhar 11 x 5 18.5.26.3 21.5 

Green grain 10 x 6 20.8-33.1 25.3 

Black gram ISx9 21.2-31.1 25.1 

Peas 12 x9 17.2-31.1 24.9 

Cow pea 7 x 4 21.2-30.6 24.6 

Fuller Exploitation of Genetic Potential 

Pulses, more th an any other cr ops, have forilied pal of allextensive aglicuil
ture illIndia for hundreds of years, and while this fact explains the presentI low 
levels of productivity, it also holds the key to snbstanial increases illproduction 
in the future. Recent nesearch at the IARI and other centers illthe country has 

shown conclusively that, with a small investlnent in improved managencnt, 
producdon can be increased greatly from tie prcserll levels of 12 million toils. 
Some of the important factors which should conti ibite to itcreas,.d prodttction 
are discussed below. 

CulturalPractices and Centical Fertilizers 

The pulse crops generally have been grown in India without application of 

atny clhemical fertilizer. It recent years, extensive agronomic studies by Chowd

lury and his colleagues (1971 ;1 972) have shown that many of tle crops respond 
significantly to the application of phosplhatic fertilizers. Improvement in produc

lion also can be achieved by new plating patterns, including adjulient of 

spacing and sowing dales. An impressive demonstiation of increase illproduction 

after the application of pliosphatic fertilizers is provided by tie studies of these 
authors on pigeon-pea crops. The average grain yield of 12.9 qItin tals per hiectare 

increased to 27.6 quintals per hectare when the crop received 100 kg per hectare 
of P2O,.. They concluded that the use of fertilizer at all levels ishighly profita

ble. The net profit per lectare increased from Rs. 904 to Rs. 234 1 when the 

crop received adequate doses of' phosphatic fertilizer. Thus, the net increase in 

profit amounted to 143 per cent, while the increase ill cost was 53 per cent. For 

each rupee invested illfertilizer, a return of Rs. 4.75 was obtaiiied at the high 

level of fertilizer application. 
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TABLE VI 
or Tested Varieties of Pulses*

the Newly EvolvedSome 


Yields in
 
Maturityquintals/ 

in dalysiectare
Varieties 

C(iick pea 

12531.5C 235 
 115 
Iauly S3 29.3 

12025.9IIGS- I 

Il'Uo'n)pea 

27515.00S 103 ISO27.00:IeltaPIlsa 
 16025.00Sharda 17025.00
Mukta 15420.10T-21 


6510.0(0IUisa bai akhi 
80
10.00Jawahar-45 6012.00S-8 6012.00PS.7 
 650.00G.65 

Illack gram 

84- 15.00IlusaI 9512.50()
11-1 
 9415.00GI 


Co I'pea
 

8825.00C-152 .9518.00C-20 

Lentil
 

8020.010ILtsa 1-1 90
22.00Ilusa-6 

tilt.
 
"'lTiese 
 cr tf*re earc'h cenlters. Jil ldill!voiived at a init\arieties hiave hcen 

Ihc restilts of' the coordilatl 
agricultural univer~ltics. IThe ihtisare hased on 

trials and agronomic s.ttic's at IAiI.
 

ol chick peas. peas,VIeld was also record(l in the case
Significant ittcrease in 

ol* these three Cr01)S ,as observed only on
ih lever, rpc.,onseand lentils. 1o the 

available. It was 
soil" t0flow Ierlli1y, with less than 20 kg per hectare of l,0(5 

Ito25 kg per bectale) wasdose of niltrogeti (20also otbseLved thai a staller 
a sigtlificatly iticleased yield

invariably beneficial. The atllhors also observed 

to green grams.
wheti fertilizer was applied 
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Whereas chemical fertilizers have been found to be most elfective it,increas

ing tit yield of pulse crops, significant gains in production have also beeti 
observed by Rewari and his colleagues (I 968) afler rhizobial inoculation. The 

development of efficient rhizobial strains and their distribulion to the farmers 

offer one of the more practical means of increasing pulse production. 

Control o.fPest and I)iseases 

Considerable progress has heenimade in India during the last live years in the 

development of short-durati on and high-yielding varieties of pulses. The new 

varieties, however, cannot make a signiificant contribution to production unless 

their cultiva tion is combined with suitable plant protection measores. Few 

groups of crops suffer greater damage through insect pests :nd diseases than do 

the pulses. The development of resistant varieties is aleady receiviag serious 

attention. 
It would, however, be unrealistic to believe that the development ot' resistatnt 

varieties alo1le wOuld reduce the losses from insect pests amnd diseases. Plant 

protection measures must become al integral part of managemtemt pr:actices ill 

pulse crops it'a major advance in production is to he achieved -witlin :Ishort 

peritd. The kind of impact on prOdIictioIl of these crops by tle use of'pe:,ticides 

and the econlomic implications of such control meaIsures have heert studied by 

Saxena and his associates (I )6) illpress). The vield ot greei grain intcreased by 

more than 100 per cent after being treated with pesticides. I lighly significant 
and the peasincreases in yield also were recorded in chick pea. pigeon pea. 

crops. 

Siraegy for a Short-'Tern: Productin ..draiice 
Produc'ion programs ol pulses must be planned on both short- and long-lerm 

bases. It has been estimated that the country will have to produce nearly 30 

million tons o' pulses by the end of this decade in order t) bring abouit a 

significant improvement illthe present levels of' nutition. A long-lerm produc

tion strategy in pulses will require intensive research ilvarious fields. Moie 

immediately, con)siderahle scope exists for dotubling the produtclion of pulses ill 

India withi Irelatively short period. The tajor com'ponents of this producticn. 

strategy, which is now being adopted. 1ie as follows. 

1.Based on research Of the last 10 years, it haMs hen possiblc to develop atile 

package of practices iivolving the use of fertilizers, pesticides. and certified seed 
in selectedof improved varieties. This package appriach is being ntroduced 

areas of pulse production ilthe country. Its basis is essentially the same as that 

for the highIs st,ccessfiul production proglanlis Iiidei taken duling the last five 

years for cereal grains. 

2. Pulses, as explained earliei, have fitled so tar into an extensive agriculture. 

With the availability of slhort-duratioii varieties. they are now being brought 

under intensive cultivation in seveial parts of' tilecoUtitry where conditions for 

crop growth are favorable. This is being done by filling puIlses into multiple
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so that farmers with assured irrigation and other facilities cancropping patterns, 

take three to four crops from their land during a one-year period. The govern.
 

inent already has adopted multiple cropping as one of its basic approaches foi
 

increasing agricultural production in areas of assured irrigation. Pulses are finding 

increasilig place in)such miul tiple-cropping programs, particularly with the an 

availability of short-duration varieties, as shown by the work of Bains (1968).
 

3. New cropping patterns. The short-duration varieties of pulse crops have 

offered 	other possibilities for increasing production. With the continued rise in 

past five years, and with a major advancethe production of' wheat during the 

expte.Cld in the production of rice within the next five years, somle of the coarse 

cereals, like maize and millets, have lost their relative importance. In fact, iany 

farmers are nio longer attracted by those crops in view of a continued fall in their 

that it may be difficult to sustain a progran of high-yield
prices, with the result 
ing varieties of' cereals. They will have to find increasing use ats animal feed. The 

of these cereals profitably.short-duratioti varieties otf pulses can replace some 

liis inew developinment iii Indian agriciltnrc should be welcoined, fbr tile addi

tional production of pulses will contribute to improved nutritional standards on 

the one hand and betier imaintenanice of'soil fertility mn the other. 
coarse cereal to pulses emphasizes theThe proposed diversion of land fron 

need for clop planning ill Inlia, and should be regarded is a logical consequeiice 

of the success of the program of high-yiclding varieties of wheat and rice. The 

for more than 60 pei cent of the total cropped areacereal crops have acconnted 
in the coutilrV. This is a disproportionately large acicage, and the availability of 

of the more important cereals should be exploited tohigh-yielding varieties 
reduce it considerably. Pnles should find a particularly important place in these 

iew croppinlg schemes. 

Future experimental approaches 

Sonmc of the major experinental approaches considered essen tial for the 

long-term getetic inmprovemniit of pulses are listed below. 

1. Ge;,elic upgrading for yield, including gene-action studies heritability and 

othel biomlric studies, fertilizer and physiolugical response, adaptation studies, 

and studies on stabilizatiot Of" yield Ithrough resistance to diseases and pests. 

2.Genetic upgrading for nutritional characteristics. 

a. Genctic and agronotmic imianipulation for protein, carbohydrate, and fat 
content. 

b. Screening of geri plasm and mulant strains for nutritional quality, 

includitng factors affecting digestibility and toxicity. 

c. Studies on protein quality in terms of alino acids and biological value. 

3. Study of geitetic :tud other factors affecting digestibility in pulses. 

These 	 studies embrace seed-coat pignents, including polyphenyl residues, 
The fourfiber contents, heliagglu tinins, ant itrypsin factors, and favism. first 

have ai direct effect on digestibility, while the last is a toxic consideration that 

also may affect digestibility. 
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Another study should cover the synthesis in pulses of hydrocyanic and nifrile
containing amino acids, which are responsibl, for various neurological and 
gastrointestinal disorders. 

4. Key role of germ-plasn collections. 
The success of' fuItue pulse-improvement prograis will depend allnost en

tirely on extensive collections of germ plasm on i world-wide basis. It cannot be 
emphasized too strongly that the non availabiliity fpulse varieties COm pariable to 
the high-yielding varieties of wheat and other cereals isalmost entirely because it 
has not been possible so far to make use of more than a fraclion of the total 
gene tic variability available in thlese cro ps. 

Even more illportant than increasing the yield potential is the queslioll of 
stabilizing the exisling yield potentials. The pulse crops 11o always tind favornot 
with the farmer, and lie is reluctant to invest in an iiproved production technol
ogy l)ecause of the wide fluculalions inyields, which are largely the resull of 
susceplibility to diseases and pests. Varieties marked by a high degree of' resist
ance to such diseases as the wi!l disease of chick pea and pigeon pea, which 
accounts for huge losses in unffavorable years, are not available. The newly 
collected variability also could lead to a major advance ini yield through the 
exploilation of more favorable gene atlions, suci as those deltermining heterosis. 
In some of thic pulse crops, such as pigeon pea, helerosis breeding holds consider
able promise. 

Above all, ile new variability should make it possible to shift pulses from tlhe 
Iraditionll to a inre intensive and lprol-oriented agricullure. This would re
qiire varieties that respold bet leito improved managemreit, including chenical 
fertilizers and irrig:lion. To take oie example, lhe miost iniportant pulse crop ot' 
India, the chick pea, is atl present cultivated largely in dry lands. There is evi
dence that it should be possible to develop high-yielding varieties of' chick pea 
that callcoiipete successfully with wheat and some of' the other cereal crops 
under irrigation. 

It is proposed that irrigation he extellded to 50 per cent of' India's cropped
lands diring the next 20 years. Several of' the pulse crops, iore part icularly 
lelbers of the IPiuazxohis grotip, ame grown during Ilne kiarif (winler) season, 

when coridilious tirthe developMentl oldisease are rrost favorable because of 
high humidity and excessive rainfatll,.ong-termn strategy requires that these 
crops be cultivated during the pieceding Stirlirner im1onltls, when tlne incidence of' 
disease arid insect pests is considerably lower. In recent years, it lwis been possi
ble to identify some genotypes th:t iiake possible this adjtlstiient in cropping 
periods. Addition il genetic stocks, pa rticularlv those having genes for irsensitivi
ty to photo and tlieiial conditions, imcustbe l'ound to bring about iiajorr shifts 
of this kind. The key titihe upgrading tihcpulse crops lies in exploring, collect
ing, and exploiling tlhevast ainount of'genetic variabilily available in different 
parts Of Ile world. 
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IMPROVEMENT OF FOOD LEGUMES 

IN TROPICAL AFRICA 

K.0. Rachie 

Food lcgu mcs IiavC exceptional inmlediate potenfial for allevialing liiimart
malnurilion in thopical Africa by virtue of several inherent advantages. Universally, they can grow vigorously under a wide range ot environmenEs and on poorsoils without supplniental nitrogen, which is particularly advanlageous fbor suh.sistence agriculture io rencle areas. File quick growth of soie amilmials, such as cow peas and dry beans, as well exlendedas !lie fruiting habit o1 long-duraliou
viny species (yain beal, li iia bea ) and woody perennials (pigeo11 peas. locusbean) are complementary advantages in complex 'niilgpeasant Fa syslellis.
Moreover, they provide lhe only nonprocessed, stomable, and transportahle pro
teinaceous food concentrate for both rural and urban utili/ation.

Most lood legumes have a dislinct advallage ovcr other I'0(mt crops in siniiplicity of preparation and in multiplicity o F edible forms, such as tender greenshoots and leaves, inripe whole pods,green peas or bIans. ald dry, seeds. Soi1Cfood legumes, notably the \,ai bean anid the winged he:in, prloduce edible tubersin addition to the fruit. Tie excellent nutritional values of niost fo,d legumes interms of' proteins, calories, vitamils, and nmierals are highly Coliplententarv illAfrican diets. which comprise roots and tubers, plantains. cereals, indiell:Us
herbs and greens, native fruits, and minimal animal proteins. 
Constraints
 

Tropical food legunies also have laly lroblems that preclude attallilletll ofreasonable productivity levels and qualiiy product iii Africa. These includesusceptibility to diseases ald pests, nairow range ol'geietic diversity, inefficiet 
plant types, and low yielding potential. These problems are frequenlly inlensifled by prevailing conditions of1depleted soils, low capacity ofWsoil to hold
moisture, poorly distributed rainfall. high humidities, low insolationis, and large
numbers of diseases and pests. In addilion. 
somte legumes have specific nititliielldeficiencies or contain undesirable flavors, flatuis F'aiclors, and anilmetaboliles orother toxic substances. Ilowever, some othervise well-adaplCd, high-yielding,

and nutritious species arc not utilized because of ignorance or unfanmiliarity wilh
their culture and methlds of'prepalatiOn. 

The Situation 
Tropical Africa contribules 200 millions, or about 19 per celnt. of the world'stotal tropical population. In 1970, this region produced 8.( million metric tons 
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of food-legume seeds on 12.6 million hectares, representing 21.8 per cent of 

production (37 million metric tons) and 22.6 per cent of the area (56 million 

hectares) devoted to these crops in the world's tropics (FAO, 1971). However, 

these statistics do not accurately reflect the quantity of grain legumes used 

directly for human consumption, as they include the industrial oil-seeds 

groundnuts (36.6 per cent) and soybeans (6.9 per cent) -- which frequently are 
grown mainly for export, edible oil, livestock feed, and residue used as fertilizer. 

Moreover, presumably they do not include production estimates on pulses grown 

in home gardens for direct consumption in various forms. These contribute 

substantially to local food supplies and total production. 

Humid i's. semiarid tropics 
Nutrition appears to deteriorate with the increase in annual rainfall, at least in 

West Africa. In Nigeria, the largest and richest nation in tropical Africa, both per 

capita calorie and protein availabilities decline from tlie north tu the west and 

southeast, as shown here for 1963-64 (FAO, 1966). 

Proteins Calories Per Day
 
Major Region tg/day) Total Source
 

Northern (semiarid) 80 2719 Cereals = t,5 1 (64.4%) 

Western (sIbtmroitt) 40 1909 Roots and tubers = 1.018 (53.3,;) 

Eastern (humid) 33 1774 Roots and tubers = 1,212 (68.3%) 

A somewhat different situation exists in subhiumid or humid intermediate 

elevations such as obtain in L,'anda where carbohydrate sources are more than 

adequate (3,500-4,000 per capi ), but where proteins are inadequate, resulting 

in an estimated live dea ths due to malnourishrient per 1,000 population 
primarily in postweaning children. Hlowever, in the highlands, as in the semiarid 

lowlands, there is a greater reliance on cereals, with consequently better nutri
tion thati in the irttermediate and low-elevation humid tropics. A major distin
gutishing f'eaturc of tlie Africar t hu mid Iovlands is the higher coisumptlion of 

starchy plantains, roots, and tubers rather than rice and other cereals, as com
pared with soot heastern Asia and other tropical regions. 

Among tire difteren t sources of marketable I'ood proteins currently avilabfe 

in Nigeria, cow peas are the least expensive oila protein untit basis, b ing Sh 

12-25/kg, compared with Sh I I0/kg for rice, Sir 45-90/kg for fish and meals, 
and Sh 65-130/kg for cassava, or "gari" (SI = U.S. So. 15). With such high prices 
for commercial proteiniaceous I'oodstltffs, the ordinary Nigerian householder 

supplements his diet will indigenous edible herbs, greens, and small fauM (bush 
rats), which are free for the taking in fields and utcultivated bush trear his 

village. Ilowever, this kind of surpplementation obviously is more difficult in 
urban commutilies. 

The Species 

Three pulse species beside groundruts are of major importance in the low
lands and intermediate elevations of tropical Africa. These include cow peas, dry 
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beans (Phaseohs vulgaris). and pigeon peas in about that order of' importance
after groundnits. However, ano0ther pulse - chick peu -- is :in import ant crop
(175 million metric tons in 1970) in the highlands of tlhiopia. Whereas tilef'ollr 
pulse species are mainly consumed locally, most o1 the groundnt crop is ex
ported Or "industriajized.' Therel'ore. cven in such prominent groundnut.

growing regions as 
 Nigeri;: anid Senegal. cow peas are probably even inore impor
tant in local nutrition, although production is considerahly L,;stha gronunuts.
 

Major grain legtnies 
Grounhtuts. This crop (.blrach "vhypogaa) is extensively grown through(


West Aflrica and 'roiti ie Stdn 1t,South Africa oin
the east (4.2 million mlltic 
tons on 4.3 million hectares ili 1970, omiitiilg north and south Afric I). Nige; a,

Senegal, and Sudan 
are the major producing countries, with 2.2 million metric
 
tons on 2.4 million hectares 
or 15.3 and 1 .4 per cent of :jreaand produclion,
respectively, of the world's tropical grouildltl crop. llowever, this represents at
decline in the prodtIction recorded for 1961- 5, prohblv :isthe result of a
 
weakening in tile
luropean market. This crop is laiely codiiued to tlhe ledium 
and coarse-textured soils of' lowland savalnalhs anil itteimediate elevations ill
 
tropical Mrica. Major 
centers for ilmproveient inicltude ile lslillt lKecherches
 
Agronomic Tropical (IRAT) at Ba l\e,Scnegaf, with cooper aing centers ill
 
other growing regions of Frentch Al'rica: tlhe hnstilute of AgOi.'tlitual Research at
 
Zaria, Nigeria:, the Agicultural Rcs.arclh 
 Station at .t',c)',!'.ainda: aid ARS.
 
Lilongwe, 
 Malawi (palrti:lly supportcI hy the Oveseas l)eveloplrellt \dmiillistra.
 
lion of' Britain and the :A()"
 

(7ow peas. fhe distrihution of'this crop i
i,,a n' Wwita \Valp.) is similar to
 
that of' groutidntis - that is, along the southern fringes of' the S:'Aira i'min the
 
west coast to Elist Af'rica ald Sontli\V'rds. It perf orns hest on well-drained soils
 
in tilesemiarid to subhtuinid inredlICiate to h0vlolnd savann.liS. This is the mlOSt
 
important ptfls-2 ciop i,,tropical Africa. it-
 NJ major

Nigeria. Niger, 


:ill( I1) the growers --
Uplper Volta, aid tga lnki together produced 1.03 million
 

iletric toils on 2.8 nillion liecta es, or 91 
 :iiid 87 pei centl of the world iea and 
production, respeclively. Cow peas., grow vigorotIsly, lnldmany varieties arequick-lnaturiug (o( it 80 days). Four major planl types Call be identilied, in
cluding climbing, prostrate, seiliuprilight. Md erect. Yields Caln hc 
 reasoidhly
high, but the crop is susceptihle io :lrgeiinmber of pests and diseases, paiticu
larly in West Africa (Nigeria). where tile species origilltetl. 

The plant is usefil inima tOrnis: Seedlings. tender green leaves. imnmaiture 
pods, and unripe green seeds lie cooked aIs veetahles. whereas the ma lure, dry
seeds are itsed in mny preparations as a pulse. The seeds are highly paiatlale, 
very nutriliouIs, and reniarkahly flee of1antitinelaholites and olher toxi, princi
ples. Recent work dotme by oulet (1172) at l)rliam Uniersity (UK) suggests
[1at protein contents mllay run higher than suspecled (22.9) to 3-1.0 per cent in 21 
cultivars tested): and that hiologi'al values (63.2 per cciII) id net protein
utilization (53.3 per cent) of tmusipplenented cow-pea seeds nay run 30arid37 
per cent respectively, above the same values obltailed for Ilascohs beans in ratfeeding trials. This, in part, may he altrilmled to higher otntsoflsilftnr-Ieiriug 
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amin(o acids. Methionine ranged from 1.42 to 1.57 per ccntiand cystine was 1.02 
per Cenl of crude prolein in these experiments. Cow peasl also showed lower 
levels of such toxic principles as protein enzwymle inhibitors than did dry heaus. 

Ilowever., Ouller has l1St)slo\vn 1hat rtilter supp.lementiation of' cow-pem:l 11 
with iethionine can raise the protein values to 95 per c-nit tlat of, gg allbmin. 

Yields of dry Sceds ire not high itnder farmtninp colndilions in Africa (3.7 
(iitill ipCr hect:trc), bit, Urder favor:h. con1ditions, roduclivity levels tf' 

1,5(0) to 2.000 kt,,hccalne :r. realic,d withtinl ft to 70 day:t, f'ton platii or 20 
to 35 kgIlcclare/dav sit 'otnceilirattlk edihle piltit.. Good IInllcellet and 

pest CoPntrol p tl'lf'ahalldsnely. Fui example. the 9 1 1'irst-raiits viietal trials 
al IITA averaged .06(t kg/hectar:e, anid rodl.-:ptlil)Cd. hilih-Vielding slraitns 
like .lehba Iea A itd Kwaa ex-Kwoi-C yielded 2,220. :rid 2.219)k-lhectarv. 
respeclively. Val ties 111tperrfoied well in hoth scaso is : splie ofi tin[t1111me
ly early drought int the secold scason included Pale Green and New Fra. wilh 
incan vields Im hoth sjsons of 1.5') I kihectarie :id 1.5 kglheictae. respec
tively (I ITA, I1)72). 

('ecters of improt\'itcit ill Ieinch.speAfkitg :\rica include Bailbey. Snetal. 
and otil IRAT statiotu in West Al'ric:: in Nioeriu. Moor Plantuation (MANR), 
U ... tv o Ibhadan, id the Intetialiottal Instittte of, Agriculttl-A Research. all 
loc.uel at Ibadan: I ltiversity of' If' (Westerti Regioutn) aid fte lnstillte ol ' Uri-

Cttltiral Reseclt loc:led :it Kano itt the north: in Uioatida at Makerere tiniversi-
V: and ill Soulll Alica at I'otcliefstrooil.
 

I)ru' hcans. I aicoti,. kidney, Irech . aLn o dry heats ill
11d ltav blothg to the 
salme species (/'ualsco/u. "ivr.is L.) and ellhr'C syoyII t.Isare or Closs freelv wilh 
ol. itisthle.. Aflrical produce.d 00's tltloliud tous on I .3s million hectares with 
itteat yields of' ,.(, 0ha iin l7f0: bittl he mitajor producers were aefas of, 
iliitenllcdialt eleCh.:t Mtad Mderate cliallle. stuch as Uglamid:1. with 2(0t) thou
sand lons t1t hiotisid and iurt'idi with 200 thousandtoil iti 210430 l3ff .ectar.s 
lh()fllillld h 1 . U10':. 

I)ry c:lns ate qiiick ito nitmte ainioit 00) ti 75 l\'s bitt do tit iotmake :is 
v'igorlotis. Jnr1rCsSi'e gti1ulisdii 111oI other ,rii legumiles. li the low Itruid 
tropics, pa licluhly, they at ii.ceplible to :everal posts :ad diseases. In addi-
Itioll. tile\' 10 11 tolcrit Wate! Sitess, Itt ;i1\ iCIgtlhioll0'iie. The seeds :Ire high 
inl ait tm.latboliht"ti1d ill latlS 'ac'1tor, which Icud to liltit intake to some 
exlent. Allotii't this clop has Ibe.,en ,xtei sively worked on fit the Western Ilemi

sphele, it Ias hen lagcly neglet'ed ii, Africa. Ma:jor ilipr\'ettItt efforts have 
been esthfislied in ll andj ',at life Kawatiad: Ikxperiient Station (Mirislr' of' 
Agricultulre) altd a1tMakelere I Iniversitv. with aiiisislmuce fon ())A. 

lI'jeolt pewas. [le ov!iy ploductioti e,.irded for Af'riCa is ilt tLgamtda, ald 
Millwi. hit pigeol peis (C'a/a.us ca/a' Mill sp.) iare grown cxtextisively throtgh
oul flue seitiarid Ito siubltittid tmpic' , as a perennia iiades crtrop or mixed with 
other species. Almost every itlial hiuisOhiold Vrows a few btusltcs inl its garden for 
local Consumuptioti. Iecatlse it is gow'n iiiIrequelttly in pure statd. ot a field 

scale attd the produce i.,alnost eltirelv consutmed locally, it is siliggested 111: 
available stalis~is ott this crop are grossly mitlerestimaled. 

The pigeonl pea is intiuch slower to hecolne esiablished thain are most other 
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grain legumes and does not compete well with weeds of other crops in ile early 
stages. It is more widely adle0d in fhe tropics thllan are lnany oliet leguiles, and 
both long-lived perennials ald shcrt-duratio'. annal forits are available. The 
leaves are smaller and narrower, and (he o,liag: is itore open. It •ppears less 
susceptible to diseases :ad pests th:n cow peas - ip:rticularl' n th1 e tnre huniid 
areas. 

Greeii beainS ae relished :a :1veCetable. parlicllarly ill ile ('aribi.al arid 
South America: him (lie major use for the dried peas is in. India and .\ttica. The 
iutr*tive quality of tihe grain is excellent,tanid yields Call be high ill short
duration tvpes utl to 2,0001 kg/lieciare in Fast Africa :aid over 5,000 k!,/Icc
fare il India have been recolded (RIIP ll, 90). It is one of the I'ew partliaill 
cross-pollina ted species (Mt to 30 per ceti) aolnlolg tile grailt legillies anl 
ilnportant aIlvaliilfat in the ppiilalini-uupowement hreeding svsleil. Tlicle is 
little interest in imiprovilng fill, valuiable clop. allhough a miodest breeding of 1orl 
recently has beei moutiled at Miakeiere University in !ogauinda. witll assistulwe 
from The Rockefeller Founildation. Ilowevei, Ihe ie\vly eSl:tlished ltterliI nal 
Crop Research Institule Io llthe Seli-Arid Tropics. loca ted lcarl lly'derailid,. 'ill 
imOulnit iilajor prooraill oil C(fi nus. 

Soirhealls. l'lii. crOp ((li'eIn ;IhfI.M hs kll and is being tried widely tlirough
ol Africa, hut is rov llmfv to :i limited exlcl I in Fast Africa - primarily 
Ethopia, Tanzania. and t glaiuda and it Nigeria, where a pltlduclion of 12 
thousand tolls oil 14 thots:llld liectlles \wats recorded in I97(). The tolal piodlic
lioll for fhe colntillell, iiicludiug Soutl AfIa. was 20 Olhinild lols on 43 
thousaind heclares ill t11e sale year. Mos of Ile l). dllClioll ii. Nigeria was giown 
for export, but there is inrcieasin iulierest in local processin and "huoe'le" coi-
Sulnptioi., With recentl advalicCs Oil sittiple illelhods o1' dCacliviing off-flvors 
and antitieallites. 

Investig:aiions ili bolh Uganidai itld Niceria show 1lluM this crop cmn be highly' 
successful aid 11111 techilological advainces achieved elsewhere evel in lemriper
ate regions - call le applied to Ie tropics. [or exaniple. several varieties I'roln 
(he coruelt ill the United States perlflir ala/ilgly well il soutlheii Nigeria. 
Soybeans letnd to slialler readilv ill dry we:ater atd soiLe varuieties lodge, bill 
generally they have fewer pest aid dise:!Se plroblelis at this stlge of develpilelllI 
aid pell'ori belier Oil pIOOrl drained soils itan io minv oiir legumes. Mid 
and pod borers and sotlme oilier inecls ale llllich less devasialing to soybealls 
that Io cow peas perhaps partly ;s a restlh of proflse pulescence on the pods. 
steis, and leaves. Netma todes llid h;ci .riali r luzsc'i Var. 

, 

puSlvle (X.(111111 1U "IVuts 
sojense) were the most imporant disease problels of this crop al IITA in 1971. 
Ilowever, Ihere appears ito e good resistance to bacterial pisltile allmong ihe 
genelic stocks grown ill our bteeding nlirseries. Screeliing for ielnalode resist
aice has not yel heeln started. 

Productivity levels in sovbe:n1s call be, .eplion:il in well-nianaged planlings. 
It is essenlial to ilocilate with the :lplopriale strain of Rhiobhitn. aid at 
Ibadan there is also good response to iodest applications of fertilizer. Ihiring 
both the first and secotnd seasoins (April and \ugulst plantings) i IITA, dry-grain 
yields exceeditig 2,9)0 kg/hectare were allaitied irmvarieties nvaturing out within 
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90 days in the first season and 72 days in the second season. ltighest mean yields 
= 

in both seasons were obtained front the following (IITA, 1972): CNS 2,573 
= 2,538 kg/hectare; Amsoykg/heclare- Bossier = 2,553 kg/hectare; Clark 63 

2,499 kg/hectare. 
the major deteirent to growing soybeans is utilization. The crop is

Perhaps 
for direct consumption. Therefore, at tie

unfamiliar and not generally relished 
have tended to emphasize the industrial and ex

outset, efforts at introduction 
recent progress in a practical method of deactivating

port potentials. Ilowever, 


lipoxid;ase in the seed testa has made it possible to prepare bland, pleasing dishes
 

Preliminary experiments at the
without the "hea'y" or "pain ty" off-flavors. 


University of Ibadan have demonstrated that some highly acceptable native
 

dishes can be prepared with heat-treated soybeans.
 

('hick peas. (Cer arietinum is really a subtemperate crop of the Middle Fast, 

but it is also grown successfully at intermediate to high elevations in the tropics. 
and nutri-

It is a tine-leaved, bushy plant with good yields of highly palatable 
peas in tropical Africa is

tious grain. Practically all the production of chick 

confined to tFthopia; there is little interest in it elsewhere. 

AMinor Species with Potential 
for special conditions -There is a great need for food legumes adapted 

Several promising species that show lowparticularly the more humid tropics. 
to pests an,d diseases have been observed cursorily

levels of susceptibility 
at 

Ibadan. These include the yam bean (SphcuusIw-'lis stcnocarpa), the "cow pea of 

the humtid forests," which is cultivated and also grows wild east of Benin and in 

Nigeria: the winged bean (JSophocarpts tetragonoiobus), which is
souliheastern 
not cultivated in West Africa but is well adapted, free of pests. and exceptionally 

to 17 per cent): the lintahigh in botlh proleit (35 to 37 per cent) and oil (15 

bean (PIhascolus lunatus), which is remarkably free of prob~lems in southern 

Nigeria and is more widely grown in the subhumid to humid regions of West 

Africa thtan previously suspected: aild tile jack bean (('anatalia ensifonnis), with 

exceptionally large seeds, vigorous early growth, and high yielding potential. The 
as a

locust bean (I'arkia spp.) is a tree native to West Africa, and is used chiefly 

flavoring itl soups and other dishes, but it is not cultivated generally or tended as 

., crop. 

Strategy for Improvement 

The decision to mount atn intensive improvement program oti a specific grain 

legume must be based on a favorable judgment of the potential for that species. 

Ideally, it would be highly desirable to be assured of the following: 

!. 'Th ciop is already used extensively and is a preferred food or else would 

be used if the economic production potential were developed. 

2. The species is highly productive and has the potential for ststained im
provement inyielding ability. 
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3. Pest and disease problems are minimal, or else possibilities exist for devel
oping stable host-plant resistance. If developing resistance is impossible or 
impractical, other control measures should be incxpensi ;, convenient, and 
safe to apply. 

4. Opportunities exist for improving the quality of the product in terms of 
nutritional value, acceptability, palatability, and for industrial purposes. 

The plant improver would much prefer to work with those species that (a) are 
convenient to grow and evaluate in different environments; (b) have a broad 
genetic base; and (c) are readily manipulated by breeding. These characteristics 
for tropical grain legumes may be described in more specific terms as follows: 

I. A broad range of genetic diversity with a high degree of compatibility 
between extreme type. 

2,Convenience in controlled crossing to facilitate making laige numbers of 
hand crosses. In legumes, large flowers with uncoiled styles are much easier to 
emasculate and manipulate. 

3. Short or medium duration to facilitate a rapid rate of generating informa
tion and to permit a rapid turnover in generations in breeding programs. 

4. A reasonable level of natural outcrossing ald availability ,, ,Zimple, 
inherited genetic male sterility mechanisms to sustain massive gene flow .-I 
population-im provenient systems. 
5. Easily-grown, "rugged" plants that germinate quickly and have iapid early 
devclopiient. 

Cross-pollination in grain legumes is effected by insects, as contrasted wili 
pollination by wind in the cereals. This imposes certain constraints on popula
tion-improvemnent systems are dependent ontlhat massive gene flow, particularly 
when pcst-control regimes are necessary. Sonic legume flowers (cow peas) con
tain nectar glands, which help attract bees and other pollen-carrying insects. It is 
possible that these glands att. act undesirable insects as well. 

Potential for !mproement 

An arbitrary assessment of the different species can be made illlespect to 
their potential fbr improvement, using the criteria described in the previous 
section. On that basis, the food legumes iiost deserving of improveienlt are, in 
descending order: (I) cow peas, (2) pigeon peas, (3) groundutits, (4) Phaseohts 
beans, and (5) soybeans. Ilowever, this evaluation does not take into considera
tion tile of populations, the need for industrial and export crops, ordist ribu tion 
peculiar regional conditions. to last, suitable food legumiies haveIn respect tile 
not yet been identified in the very humid and rain-forest tropics or in isolated 
and other areas where pests and diseases are not well controlled on any of the 
above species. Tile needs for proteinaceous toods are often greatest under such 
conditions, and it may be nore expedient to concentrate efforts oil less-familiar. 
but better-adapted and pest-free species like yam, lima, and jack beans for those 
conditions. 
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The Intpr eiment Process 

Nicaningful progress in crop-improvemen programs can be achieved only by 

multidisciplinary teams of scientists working togelher on commlion problems. At 

the IITA, a eamn of' six senior scientists (IPl. 1).level ).including nagronontist. a 
werebiocheinist, a breeder, an eintomiologist, a palthologist, and a physiologist. 

assigned Iilltime to graim-leguite improventeil by the eind of 1972. Fultire 

atdditiots to this teal ale expected to include :Ic.togenleticist. a "ecomd hreeder. 

and a rmmcriotloist. The microbiologist will itivestigalte the rli/obial nittrogen

fiximig svsleillt,tropical lIguiues.ill 

mI. be thrmee 

which involves two nl itnre wilttists (Snb)pigrmns) ;Iaid stll'fs ait:tilt 
The jinprovetemip s ,cain divided into ]iajor aISpects. each] of" 

)nle timtle. 

time ofl'A co'mtprehensive eflort at iiternatlioltlal Center excellentce level would 

include the fllowit,,objectives: 

*Plant I imprtovelienl 

j.Assemble amid maitain i broad ramige oh1geii] plasin to establish a 

"World ('ollectiOmi.' Collect systeitmtic,1ly ill cetItemrs 1diversity to tbtaini 

all available Leietic diversity. 

1. Evalualle and screen tie Collect ion or importltl ai.rolormilic and hotalti-

Cal cl]lraclers. includintg growilt habil. yield poteliti A. geriotype erviron-

InteiI itieIactiOIlS, isea se :1nd pest resist:unce. amitd (ituality ol 1 lOduct pri

nimarilv seeds), 

C. ('olcetitrate desired clI:iCcters, it (luantitativel\' inherited or broadly 

aI'sed. h\ pIOVed hreedin m ethods parlticularly hv using "recurreti 

selection. 

ilt.,:
d. Recomlitlie desired char:m ters improved stocks, utilizing either vari

etal iorpopulaItio-iprovenmetl tethods. Population improvement is coll

sideahlv iore etliciet it a high rate ol controlled hand or -natural

inlercrossii calihlbeeffected. 

e, Selet superior segregaItestOr popllions anldltest over a wide Illge of 

etvirortillelnts. Superior varieties or composites are increased aind released. 

2. Plant Proleclion 

a. Evaluate thoroughly nmelhods of"Control through Cultural practices, bio. 

logical agents. atd Chemical Imealls. 

1).ScreCen -to0tal genelic diversity forIresistatnce or tolerance and include ill 

breeding objec tives (see also I-l1, alove). 

C. Study the etiology and life habits of pests atnd diseases occurring ill the 

regions anrid areas ot' iliterest. 

3,Plant (rowth and I)evelopment 

a. Evaluate total genetic diversity for desirable plant arclhitecture ard 
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physiological efficiency  for example, screening for nonphotorespiration. 
b. Examine the nonmanagea le consltraints to altain higher levels of'pro. 
duetivity, !'.chtls bud and pod abortion, and extension of' flowering 
period. Examine tihe role of'moistuire and carbon dioxide illpairt glOWIlh. 
insolation and light quality on plant development, interlctions of tile plainl 
with environment, ald otler stress factors. 
c. Study ill deplth and trnder a broad range of environnl',nts the infience 
of managemtenit l'actos ol tie growth and productivity of"diflelent genio
types and oillneW sraiilS as developed. TlheSe f'IctorS ildmRe land coltiva-
Lion, time of' planting, plant nutrient levels. populations. sp:tial arlange
nients. irri-alion, and otller controllable fl,,ictors. 
d. Investigate die rhizobia nit lOeell-fiXi u ySVelll in dilfeent species. This 
would include conIsideralion of' cenelic factors ill both tie host plant andI( 
symbiont -- primrarily a concern of Ilricrobiol"Ngv. 

Inherent in all these inveslig~lations Ire Irailliug :lrldul'ch clivijties, which 
are essential at hboth the national and tire intelltiollal levels. Inltellational 
orgaInizatiotis such as 11I'A alre obIii!d to tiea a1!lIe.'quests (11 :on bvasis inaNequal 
tIhe following wa's: training voMPn' scierlisIts Ild ploduction specialists: plovid. 
ing iniformation. gerln plsm. mid olher assistance: nllda1ctin Isa cmatayst tot 
stinliliating\interest and actii ill: V 11:11
ty tili pogmitll,,+ selved iltslitilliton. 
Specific ouitelt' acivitie; include Co/in trias trLorgari cnopelaliVe V:ariet: 
experimentsr,maintairnirng aid stpplVing germ plasm. distlibtl tir infortaiion 
lhrotii reports :rrd periOdicils. and rOiii/ing professional wtorkshops and oin. 
fereil ces. 

Conclusions and Summary 

The Green Revoluihmn has Ibee Lxiraordiiiarilv effective ihtmeeling the calor. 
ic ileeds in cereal-growing regions illhiat-developirng cotmties. Oit the o lhe 
hand, there has been little increase, if"any. in tie prorductiorl fI ire cril'cen

ttrated protein foods oI' cither plrrl or arimal origil. It is threrefore suggested 
thatI inlrprOvereri Of I'rod leguIrmes would bo the lost piactical and efficient 
nlleiIIIS
Of solving this deficiency. 

The legutnirn s species with the greatest potenrti:al for imptr'ellt il tlie 
tropical regions ol A,,\f'ic: irrclude the fCll witg: 

I.('ow peas folr owhold. semiridl sAv'rIrrlhs In .sllnrid forest ari 
savallllalleccliltes. 

2. Grodtimi s I'nrlowland. sertiaid Savtrlirllrs I'Mboth ilttdtstrial :111d 
food irtrips,.,s. 

3. Soybeats f'Or tie sulhuinid 'trest arid saV'tilih ecclires an1d illilet
iediate levalliollsIthe lolger lelll. strybeais Ili:lyllt becomre irrceasitgl 
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source in processedimportant as an inexpensive and nutritious protein 

foods for urban conutinities. 
frot hunlid to semiarid conditions and4. Pigeon peas - broadly adapted 


at low to intermediate elevations. Fit well into longer-term rotations.
 

5. Phaseohs beans - best adapted for intermediate elevations and favor

able moisture conditions. 

As yet, no species have been identified as good for adaptation to the very 

humid tropics and to high pest and/or disease pressures. However, several diverse 

genera may be promising candidates: yam, lima, jack. and winged beans. For 

intermediate to higher elevations, chick peas and broad beans should be consi

dered. 
pical food legumes will require the same magnitude of inputs asInprovin., tt 

now are dedica ted to cereals and industrial crops. Ilowever. much of the basic 

procedural technology is well understood, and rapid advances can be expected. 

"'Thus, within two decades, it should be possible to reach the same level of ad

vatcement with such imilproved pulses as cow peas and pigeon peas as that 

which required halt' a century of' massive eff'ort for the major cereals. Of course. 
soybeansthe present developtuen t base is much higher for the oilseed legumes 


and groundnuts - than for the pulses.
 
of' food legumes will be made by competent and dedi-Rapid improvement 

cated teais of scientists representing the broad array of disciplines involved in 

supported with staff, equipment. and other facilities. Giventhe process arid welt 
this magnitude of" support, real progress will be made toward balancing the fIod 

resources of' developing regions in the tropics. In this context, the seventies and 
eguimes." just as the fifties andeighties could well become tie -era of the foodl 


sixties belonged to the cereals.
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FOOD LEGUMES IN LATIN AMERICA 

Mario Jaiil 

In spite of' the ever-inceasiti, inlipoltance of"expor crops in I.at in America, 
the rural economy is still based l:aely on the cultivation o" subsistence ClopS

lai/C. wheal). loots ald Itlbers (potatoes. cassaiva). aind pll:lill, which occlly 
by far the lges pait of" the arca used for subsistence Imming. 11 is thell'eir 
obvious that1 'ood letlm es play olv ;I veyv modest ole ill latin American 
agriculture, largely becaluse A" the simll aionn of food eaiiied I- eff[oll ex
]pellded. Is Colilamed with th1A 1ob1iiid mefrom strCll 1o1 l slae effolt. 

There is adeqiat, poteiial in le regioll Im a ,ubstmlial inciease il food
legLllle plodtr lioll fur l tiill l oLnsiumitloi. Ilh \vcvrei. i) ]leak a ;iv firom tile 
tiaditiontal system of. loni .'ilmimle. which p r 'ails ill ii lllV clilllics,.to a diver
sified mrloppiui.'o thi uiid illllisi.,lv ihc liict i of fl l lceiimc.' will call for 
considelable effollt ,Ie1,l at f Icedci,Niiid arimiomiiss ill such work as 
plalnl breedimit, ilill V?icll ii o"lj' i ilY. ecud plodu'ctiml li ecl,aati/amioim
and imlrproved equipmell." iilwiiig Liop iol;lion. developiig more efficient 
disease- and pest-comtrol methods. amid m.dlicii, the lsses )f 11i uvesled aind 
stored products. 

TIe ne.ed fo0r the expalsioll oF, flod-lepumre cullivalioi in tlIe i,'gion is greal.
The ilifflnence of food legimmes (on1 lald ploducliil%and Soil felrtiliy itl culli
vated land tlrough crop otrt(Iitll is itmidispiuled today. "heir pliiiarY illp-iutlallce. 
however, is that they are one of" the chcapest sluices of' pltmeil, ltiullall 
consllptionli. As ihe price ofl alilnial ploeil is expected it luse, it seems leasoll
able io provide solutions for replaciilg it ill pall with Fo0od legtnes 

Cultivated Area and Production of the Most Important Food Legumes 

Ill recent years. the insignificat increase ill prodiuction ofl 1)d legumes, aso 
compared yWith tlhe iplopul)tih i needs. h'as widened Ilhe plroeill gip. Table I gives
the region's area. production. 'and yield titue_,s 1,0r :tl lie major lood-leguine 
species, and reveals that their productii has etmlaimned sllic. Table II shows an
interesting increase in the ploductlioll rend ut sou'yheans bll a decrease in the 
productiotm oF' gronnduntis both are foid leguimes used maimly ill [le Inituftac
tlure of edible oil. 

Dry bema(Pl ascolus'u , )ri'is tlme most c0i11imoi food legutame ill laltin 



TABLE I 
thuman Consumption)

Regional Production of Food Lcgumne,, in Latin America (Mainly for Direct 

Other 
food; Iu is ; Iegunle's"Dr" 

pa libal)rv I-entil', 'Lpa Pigeoin
Dry broads ( C(hick , easbean., 

As~i ~ Ilea%. ipim Ieune 
' peasl~~ane. 

1966 

38 .5 44 0.6 4 01.1 5,7 (.S 
Area 6.415 s9.3 296 4.1 176 2.5 151 2.1 

28 0.729 0.7 32 0.6 4 .1
147 3.4 120 2.8 

Production 3.712 86.9 175 4.1 
7.3 10.11 4.97.9 7.65.8 5.9 S.4Yield 

/907 
1.9 41 0.6 44 0.6 4 0.1 61 0.8

4.5 196 2.7 139
Area 6.469 88.9 324 0.724 0.5 31 (1.7 4 0.l 31

4.2 148 3.2 105 2.3
Production 4.052 88.4 191 

5.9 7.11 I0.0) 4.97.66.3 5.9 7.6Yield 

1968 

42 0.6 44 0.6 5 (1.1 61 (1.83.2 149 2.1
Area 6.350 88.3 317 4.3 231 

1.1 31 0.72.2 19 0.'1 33 1.8 6 
3.797 87.8 167 3.9 177 4.1 97

Production 12.10 5.14.5 757.7 656.0 5.4Yield 

/9(69 
(0.847 01.6 45 0.6 5 (.1 61

310 4.1 2111 2.7 149 2.0
Area 6.707 89.1 

33 1.7 6 0.1 31 0.7 
184 4.10 149 3.2 I10 2.4 31 0.7

4.056 88.2Production 7.3 12.10 5.A 
Yield 

6.66.0 5.9 7.4 7.4 

1970 
45 (.6 5 0.1 61 11.8

194 2.6 15(1 1.9 51 0.7 
Area 6.923 89.2 323 4.2 

31 0.61.7 6 1.12.2 28 1.6 35198 4.1 164 3.4 116
Production 4,294 88.3 

7.8 12.11 5.15.58.2 7.16.2 6.1Yield 

Source: FAO Iroduction Yearbook. 11070. 
- ii thousaid hectaresArea 

iroiductionri - ill thousalnd metric t(ols
 
Yield - 100 kg/hcctare n
 

- _ iperceillage of total area anid priducli 




TABLE If
 
Regional Production of Groundnut and Soybeai.. 
 in Latin America (Mainly for Edible Oil Purposes) 

1948-52 % 1961-65 7 1966 % 1967 % 1968 '7 1969 % 1970 % 

(Grolundmit 

(inshcl.l
 
Area 371 89 952 710 1.171 66 1.211 62 1.081 54 1.072 48 1,065 43
Production 349 86 1.169 71 1.519 66 1.312 58 1.227 55 1.204 44 1.376 42 
Yield 9.4 12.3 13.0 10.8 11.4 11.2 12.9 

SoYheans 

Area 46 II 408 30 610 34 747 38 934 46 1,151 52 1.438 57
Production 55 14 471 29 779 34 941 42 1,009 45 1.512 56 1.937 58
Yield 12.0 11.5 12.8 12.6 10.8 13.1 13.5 

Total 

Area 417 100 1.361 101 1.781 101 1.958 100 2.015 100 2,223 1010 2,503 100
Production 404 100 1.640 100 2.298 10)0 2.253 100 2.236 100 2.716 100 3.313 100 

Area in tlutjd hectare, Source: FAO IProduction Yearhook. 1970 
Production iii thil d Ino.ri" t 1 
Yield I00 kt/hectare 

percntage .0 tolal airea and productimil 



96 

America, accounting for more than 80 per cent of production. Next ill impor

lance are dry broad bean (Vicia fliba), chick pea (Citer arietmum), and dry peas 

(I'isitin salivi'n and I'. arvens,.'). Other important food legumes are lentil (Lens 

escildhta), pigeon pea (Cawim, spp.) and lupin (Ilmphus spp.). 

Past and Current Work on Genetic Improvement 

The information given herewith is more for the purpose of illustrating tie 

lines o! work than to give an exhaustive account of the work carried out. 

"'lhe gelcetic improvement of food legumes has been limited to beans 

(I'hiase;lus i'ulgaris), which, together with corn, constitutes the basis of the tropi
cal Latin American daily diet. 

Bean diseases ire the major limiting factors to yield. Breeding work has been 

carried out recently, aimed at obtaining resistant selections to rust (Uromjnces 

phascohs), anthraciose (('ollhtotrichum lindemuthianutm), angular leaf spot 

(Isarihlsisgriescola). Ceicospora leal" spot, bacterial and viral diseases in (olom

bia, Mexico, Brazil, Peru, and Central America. Resistait or tolerant bean selec

tions 1o ,alnthomo;as phas(oli, mosaic, Isaronpsis, and rust have been obtained 

il Central America. 
Iti 1963, the Instituto Interaniericano de Ciencias Agiicolas (IICA) set up a 

Basic Food Crops Unit at the Tropical Centre (IICA-c(FI I),* and since that time 

priority has been given to research on beans. The Regional Office for tile nor

them part of' IIC'A (IICA-ZN)t took charge of the coordination and technical 

support ot' the Cenlral American IProject For Production and Ilp'rovement of 

Beauis and Other Food Legumes ill I965. 
Genetic research, especially on the heritability of yield coniponents and grain 

quality, coupled with cylogenetic studies, mainly on induction of mutations, 
have enabled the program to speed up bean improvement. From 1963 to date it 
has prodiced 14 improved bean lines from introductions or crossings. Several of 

them have outyielded all other entries in various regional trials ill Central Ameri

ca and in national tests in Brazil and Venezueia. 'rheir experimental yields often 
are seven to eight times larger than the average commercial bean yield of 500 
kg/hm in Central America. Between 1967 and 1970, the program released four of 

them as improved varieties. 
Every year, from I966 to 1970, the PCCMCAt bean-yield trials included an 

average of 90 varieties or lines in a "nursery" group, 14 in a "black bean" group, 
and 13 ill a "red bean" group. Some of the entries caile from national institu
lions and some from tile program. They were planted not only in all the cotu
tries of tie Central American isthmus but also ill other Latin American coun

tries, such as Colombia and Venezuela. From the results obtained, PCCMCA 

*CFI - Centro Tropicadtic 1-nsefi.nza e Itvestigacion 

tZN - Oficina de IICA, Zona Norte 
4PCCNICA- Progranma Coopcrativo Centroamericano para el Mejoramiento de Cultivos 
Alimnenticios. 
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varieties have been recommended in the Following countries and numbers: 
Guatemala, two: El Salvador, four; Nicaragua, live; and Costa Rica, six. One of 
them,developed by the program, was specifically recommended for the lowlands 
of Guatemala. 

lIighi-yielding. white-seeded, bean cultivars were scarce in the PCCMCA trials. 
By treating a black-seeded IC'M'CA variety with a chemical mulagen (ethyl 
methane sulflnatc). the progiail developed Iwo white-seed Illtllalbt...fieldInI 
trial this year inII(CA-CTFI, one mutant (NI-l-2) yielded 2268 kg/ha, i.e.. 22 per 
cent more than tie best while-seeded IPCC('CA cultivar present inl the trial. 

Except for the change in seed color, the mutants possess :ill the other impolr
tat Ieatures of the parent variety, such as erect plant type and resistance to 
common bean mosaic virus. Moreover. their seed-polein conlent is higher by 
about three percentage points. Breeder seed of NITP-2 is being increased fr 
furlher testing and eventual release of' this mutant as an improved variety. 

Brazil, Colombia, Venezuela, and Peru are also working in tileimprovement 
of other food legumes (chick peas, dry peas, lentils, pigeon peas, and cow peas). 
The main line of work consists of the introduction and evaluation of varieties, 
particularly Ifr disease resistance. 

Because of tilewide adaptability ot soybean as alcrop and its high content of 
protein and oil, both of which are in short supply in Latin America. an almost 
regional interest in soybean has been developed in recent years. Varieties f'rom 
Asia and the United Stales have been transferred successfully to several coun
tries, notably Colomibia, Brazil, and Venezuela, but consideiable varietal devel
opment, testing, and production research appear to be needed in other countries. 

Research oilfood-legunte inproveient irI Latin America has followed, first, 
the pattern of collection of native varieties in germ-plasn banks. Such collec
lions have concentrated mainly on I'hase diis rulgaris, and less ou other food
legume species. 

The basic exploralion work, done by Bukasov in the late twenties, gave a 
comprehensive view of the variations. In more recent tines, several local collec
tions have been established illCentral America, Colombia, Ieru, and Brazil. Two 
of them are t'special interest. One recent collection of primilive types. led by 
Miranda Colin in Nexico and kept at Chapingo, showed interesting ecological 
relationstiips between beans and insects. The other was the intensive exploration 
work done from 1965 to 1967 in ('ceilral America and Mexico by iI.S. Gentry of 
the United States l)epartment of Agriculture. This collection has been evaluated 
I'r certain characteristics, such Isdisease resistance, with optinium results. 
Apparently tie Mexican material collected there by Gentry has geiies resistant to 
he Iost inmporlant bean diseases. 

According to arnFAO partial survey in Latin America, geri-llasii collections 
oti Phascohs vtugarisale kept inthe coumitries given below. 

Cou IIry Numlber of Entries 

Br;,il 645 
Chile 700 
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Country (Cont'd) Number of Entries (Cont'd) 

Colombia 
Costa Rica 
.aaica 
Mexico 
Peru 
Venezuela 

4000 
8000 

60 
610 
288 

1487 

Research Needs on Nutritional Improvement of Food Legumes 

Knowledge, as well as research work, ot the nutlritional quality of food 

leguittes is very limited if) most developing countries of' fhe world. Generally, the 

proteil content of food leguimes, which, In existing varieties. vaiies from below 

2(1 pel Ceont to above 30 per cent, leeds to he increaised. Wilh a few exceptions. 

legtmte proteins ire deflcietll ill sulfir-cotnt:ititing amino acids. Methionine and 

cystihe contents. iletefore. leed] improvement. Digestihility of muosl legulne 

plOtHll; Ild carbohydiaeS) is por. 1)p to 25 pet celtl 1mole of tile protein 

cottlMied ill Sl is itidigCeStible and t1ot abs-rbed fronm the intestinal tracl. 

(;encially. tile cotking qualities should le improved to allow cooking ill I to 

I-1/2 hollurs after adequate soaking. Other factots. such :is antitltetabolites (anti

tryptic adlt helltoagghIillills, aLd othters) sh1old be redUced or Clililated c'omn

plelelv. Flatus prodluctiol aild genferal acceptability. ilncltndilg taste, n1ced active 

investiga tion. 
Like ar;v ,lliel ltleill and thrC I)Opleltie, ic alSo inf'lunCced by1 cltalacel, 

the genotype. tile cliviloltllentil. alld their incractions. Ainlysis ol gernt-plasin 

collectims l:ve revealed Colsidcrable variability to' proteilt quality and quan

tity. I huwevelt befte this variahility call be exploited profitably, it is lecessary 

to know, whether the character is sta1ble tidLerr vaivint environineittal. agro

tiniliC. Mid hiOl gical con1ditions. Furthermore, inproveett ill protein qtiality 

atd (Jtta:ttity alnd il othel desirable characteristics should occulr siltltatteotusly 

With i,1creased yield. 

The Important Role of Germ-Plasm Collections 

in the Improvement of Food Legumes 

Ill Latin America, tle iI rovellueltl of tie nultritional value ot food legumes 

1la3 ollie Init I'llIll a collecliolnlevaltiatti approach, ratlhel than froltm any 

other Ithllod . 'IThis is becaiuse of' the huge lattrall valrialility, still untapped il 

nattyv ways. :and. with tile exception of a fewt llcountries, the lack of pmerianett 

I'0gaIllls o1f sk-lection. One illlloltaillt factor to consider is tlat selectio, aitmed 
It a specific Iurpose, e.g.. to obltait ,pecific disease resistance, is colditioned 

very ofttIl by narvow ecological limits, and tite improved varieties have a limited 

area of"ad1ptaltLlioln. It is, thereforc. the itlroducliou/testing approach ill which 

the fiture work may give (Itiicker :1td less expensive results. 



Disease and insect resistance, as indicated before, is uMind in tie latiVe popu
lations of beans and may be incorporated by crossing. Al finportaIt economic 
factor is that selection has been aimed at tilebush beaus. Climbing t ,,pes may fit 
better in the native agricultural pattern, but bee:atse bush beans are piedominant 
in developed agriculture, little attention has been paid in Latin \nuerica to 
climbing varieties. 

Also, very little to tie highlandattention has been paid (except in Colombia) 
types of the cottinon bean and to tlhe other three species of beans. 'he tepari is 
disappearing rapilly: tilescarlet bean is becoming a relict: :nd virtually no 
selection is being carried out on the lima bean. 

Atnong the intioduced species, pigeon pea is by far the tboI prontising. 
Selection votk is carried out itt Puerto Rico. and sttiU Collections are mttaint
tained in a tew other places (i:1 Salvador). They are also of'some !,lportalce in 
Brazil. The cow pea has not received much attention. IhIovevel, it,:he lowlands 
ofl Brazil, Peri. and Vene/uela. varieties pjtoably ot' Americat otrigin :are 
cultivated in those re;s t1o 1 and wet or0beals. More Vermi plh in of pigeon 
pea and cow l)ea should Ie b1uolllt itt roill utside and tested, because these 

two crops are tttt)rmdatali t(lta onoil bcals. 
Latin AMerica hadly needs well-establislted gette banks, btlh Iotits auloch. 

tlnotus tim ,ials atd or iittrod tis. These gene h.lik,. of'a peitalelt l.lilet 
tor conservation and rejuveination, should be associated with itie'work of evalni
ation sttllit.s. the lnatelials le Screetted fo)r yield, iesisl:ltce, etc..where illvay 

andI'lllowed by aI seed-production sctetme to supply tle falrthers with the se
lected varieties. At the samtie titme, tlte seed banks tmaV becoime the source of 
material tor alvainced litiip)OeS illbreedilig. 

Recommended Approach for Regional Cooperation 

Research \volk cotnsidered essential for the genliec itnprovetien t oftlood 
legumes would iequire a closely.knit leam efflort. Respottsibilily for itt-depth 
research and iifortUation service could be aStllned hV sIch existiii 7 iitertim
lional/regional iistittutes :s IICA itd ('IAT. ('otsideruiidtt should also he given 
to making of' islilUes stletitlueutiitg tlheil appropiatekise tational as 
through assistanice froti UNI) and otlter :,id.l-vine aeuticies. Solutiois ol itnv 
ot' the proibleits mentiotned will tike titie. Iithe tinetiie. itleastures to iicrease 
output of food legulles :re essential. 

A strategv thal will give tariirs the possibility of'tiki ittiainxitiutni advana ge 
of exisling kitowledge Ioilcrease aealpiaiLed to lotul lgimiies :id piOductiVity 
should be cotliltmratedtor a1sitort-teil basis otil: 

Organiziing. otla minlticollmiry lisis, coolperative progralms (unil'orlm tirs
cries illdslamidarcdi/ed vJiiel tills) to ilmlmOdtlce an1d test iIproIved varieties 
ot the milaitn food leguillies illorder to secure ainadequale stock inthe Ct.l
tries. This is beittg done succe;siilly 1v II('A-ZN with Ihasloh.s in ('etilral 

Atnerica. 
(p) 
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The benefits to be derived from such cooperative programs are: 

the principalDetermination of the comparative adaptation and yield of 

bred in other countries with similar agroregional varieties and of those 

climatic conditions. 

Use of the nursery as a vehicle for the introduction of promising commercial 
a breeding program

varieties and outstanding advanced generation lines from 

of one country into other countries, thus reducing duplication of effort. 

on adaptation and yield, including diseaseDevelopmenit of basic information 
a wide range of physical andand pest resistance, of dilferent varieties under 

biological environments, thus enabling quick release of suitable varieties for 

production on a larger scale than at present. 

bond between scientists and programs in theEstablishment of a "scientific" 


par ticipating countries.
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UNIVERSITY OF ILLINOIS 
INTERNATIONAL SOYBEAN PROGRAM 

Earl R. Leng 

Tile Prograin for International Research, Inprovenent and l)evelopment of 
Soybeans (IR1DS) was established in 1969) at the University of Illinois. It 
operates as part of tihe Office of Internadional Agricultural Programs in the 
College of Agricli tire. I have been Program I)irector ol PIRIS)since its incep
tion.
 

General Organization and Funding 

Initial funding of PkIRIDS was I'rom a Rockefeller Foundation grant. The 
IUniversit v of' Illinois, tlhrough its Office of Interjfuional Pr'ligrains and Studies 
and the Office of international Agricultuial Progr:ms, cortrihiuted heavily to tihe 
operalion of P1RII)S belween Jluly 1. I)6(), and .Iune30. I072. A colltracl 
from fie U.S. Agency for Itlernrlional DevelopmenI was avarded, effective 
September I. I971. :und part of' tileprogram's o1r:tion 1w is stupp)rled by 
Itis coitract. 

Locations of Operations 

PIRIDS has established collacts ant research linkauges with virtually every 
country in tileworld where soybeanus are beile ifivestigated as a field crop, 

Republic of' China theexcepting tile atd EasItern Euro0pealn Colnmulist coun
tries. Even in tilelatter, research linkages have been developed inRotmania and 
preliminary discussions Iave been held with soybean vorkers from tile U.S.S.R. 

Cooperative field trials. !osttdy varietal performance, have been carried olit 
or are under way (uite. 1972) in the following coliiltries: 

Latin America: Colombia (3 locations): IFcuidor (2 locations): Brazil (3 loca
liotns) Belize. 

Africa: Sierra Leone Nigeria (il cooperation \vill, IITA): Ethiopia.
Asia: India (3 locations); Ceylon: Thailand (2 locations): Vietnaim: Indonesia 

(2 locations): Pakistan. 
Middle East: Jordan. 

Agronolnic-cultiral praclice trials and sttidies of response to Rhizobiuwm 
inoculation have been coildticled. til acooperative basis, in (ilolonmbia , Ecu ador, 
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arc under way in Belize and 
India, and Indonesia, and additional trials now 

Sierra Leme. 
mICihods for direct food utilization of soybeans

Stundv ofl simple processing 
closely linked \ith thc principalarc based at Urbana. Illinois. A strong progra, 

is under way at G.B. Pant University in India. under the direction of a 
Operatiol, 
University ol" Illinois professor affiliated with PlRIDS. Preliminary demonstra

process have been Conducted in Colombia. Brazil, India. 
tions "oftile basic 
Thailand. Indonesia. and the Philippines. Contacts established in Brazil, Colom1-

Thailand will enable much Imore detailed work and demonstrations to
 
bia, and 

be undertaken in tile very near future. 

Principal Results to Date 

The work of PIRII)S to date has clearly shown th1at: 

I. Soybean yields in equatorial latitudes 	can exceed 3,000 kg/ha, using 
used 

varieties presently available, provided that proper cultural practices are 

and favorable growing conditions prevail. 
and researcheffective cooperative re!ations

2. It is possible to develop 
LDCs in tropical and

soybean research personnel in many
linkages with 


subtropical regions.
 
the crop is grown

3. The mI.jor present limitations oil soybean yields. When 


according to lIcal practices. are generally related to:
 

varieties. a. 	 Insufficient productive potential of "local" 

plI and low supply of P. 
h. Low soil fertility, particularly unfavorable 

Very low plant populations.c. 

d. Absence of* e ffective Rhizobittm inoculation. 

diseases, and weeds: these are often aggravated 
e. )anIlage by insects. plant 

the low level of culturd 
by the generally weak condition of the crop and 

practice, illcluding weed coltrol. 

a "catch crop" in unfavorable seasons, particn
f. Growitg of soybeans as 


larly whe n nloislure supply is insufficient.
 

reasonable vegetative development,
4. Because some "local" varieties make 

"modern" varietiesconditions, and even under unfavorable growing some 

yield very well when grovn under favorable conditions, it should be possible 

types with broad adaptation to tropical 
to breed high-yielding "combined'" 


and subtropical conditions.
 
yields can be adapted to 

5. The cultural practices necessary for high 

conditions of the LDC's in satisfactory ways and at relatively low cost to the 

cultivater. 
of effective Rhizobimni inoculant should be 

6. Indigenous manuffacture 
be producedLDCs. lI-ven where this material cannot

feasible in many 


effectively, the cost of imported itiOculant is low.
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7. Techniques developed at the University of Illinois make it feasible to 
produce attractive, highly nutritious food products from whole soybeans at 
low cost. 

Detailed Studies 

v 
Haskell and Tara Mahta). 
I. Studies on a neurotoxin from Lathvns sati'nts (work of Professor Bet 

a. We have deviscd a new synthesis of Ihe beia-N-ox:lvl-l.-alpha. bela

diaminopropi01ic acid. tieurotoxin Ifrr n monoethylLat 'nis sait'us, froin 


nionochloro-oxalate and L-alpha, beta-damii-oprolpion ic acid.
 

b. We have ctonfirmed that tie prodluct oflthe revised synthesis is identical 

to tle ntatural product 1 a comarisol oi' Jfrared spectra, iass spectra, 
arnd gas-liquid chronatography iracings of two different cherric:til deriva

tives, arid by comparison of biological activity in \,east assays. 

C. We have confirmed that tile natural toxin is a heta-N-oxall derivalive 

(and not an alplha-N.oxalyl derivative) carrying beth natural and syntlietic 

toxills through a sequence otf reactions \wrose anticipated product is 

dinitrophenylserine: treatment with fluorodinitrober/eile, hydrolysis of' 

the amide holld. conversion of the free amino group to '. diatzoniur salt. 

and hvdroly'sis of the diazonium salt. The product t llhis degradation 

scheme for either synthetic or natural toxin has a nuclear magnetic 

spectrum identlical to that of dinitroplienylserine. 

d. To confirm ithat fhe natural toxin is a derivative ,t'L-alpha. heta

dianlinopropionic acid (arid rot of' )-alphal. heia-diamilloplopionric acid). 

we have treated both the toxin and tie allha. beta-diatinopropiunic acid 

isolated from the toxin after hydrolysis with Irvpolthanase, an er/y1\'re 

which acts only on L-isomers of amillo acids. Either the natlural toxin (or 

the alpha, beta-li:mirrlprpioric acid isolated from the toxin) is readily 

coIverteI to pyrivic acid by a highly purified aoltryptoplhanase prelpara

tioli. 

e. We have investigated the specificity of the ileurotoxinr as an amino-acid 

antagonist in nutritional experiments with microorganisms. Resting-cell ex

periments demonstrate that the neurotoxii behaves as a potent antagolist 

of the transport of amino acid across the microbial cell wall. 

2. Methods Currently Used for Screening Soybean Populations for Chemical 

Component ( lyniowi lz and Walker. 1 )70 • Walker. el I].. I )Q9). 

aI.P, K, Ca, 11g, B, Cu, Fe, tin Zn, and A'a 

Sam ple Pl.eparation 

Seed or leaf samples are dried at 550C for 3 days arid groutnd in a Wiley 

mill or Stur-l)ee Mitey Mill. A 0.5 g sample is ashed at 200' ftor one hour, 

then at 5000 C for 15 hours. The ash is taken ulpin 5 ml of an itlerrial 

standard. 
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Instnimenl
 

Jarrell-Ash Mark IV E'bert Direct Reading Stigmatic Spectograph. 

1.Total Oil -- Nondestlrucive AnalYsis 

Sumple lPrelpration 

Seeds are dried at 550C for five to seven days in a forced draft incubator to 
a moislure coltenlt of about 3 per cent before 1g of whole seed isanalyzed 
for oil colntenit by the method of Collins, et al. (1967). (See also Hymo
wit/, el al., 1970). 

Instru'ent 
Varian PA-7 Nuclear Magnetic Resonance (NMR) Process Analyzer. 

c. I-utty Achl Content 

~Sw,,lc PrepTaration 

A I g sample of' seed is ground to a fine powder for 6 minutes in a Spex 
ball mill or for 15 seconds il a.Stur-Dee Nitey Mill. The method described 
by Siugh, er al. (1(068) and Singh and I ladley (1968) is used for extraction 
of tIle oil and making of methyl ester. 

hinslr/inent 

Acroglaph lly-FI 600'(" gas chromaltograph with a 232.5 cm x 0.32 cm 
copper column packed with 15 per cent diethylene glycol succinate 
(DIEGS) on 80-100 Inesh chrolnosor (A)W. The coluin is maintained at 
205(C with helium carrier gas flowing at a rate of 30 ml/min to the 
hydrogen flane detec tor. 

d. Iotin Contntt Ii'e-Binding Alhthod 

SMl-WIe A17eart6m 
Tile soybeans are ground in a Batmer Mill or for 15 seconds in a Stur-Dee 
Mitey Mill. Only those parlicles that rest on a 40-mesh sieve after passing 
IhIrough a 30-inesh sieve are used for the dye-binding mhod. 

A 100 mg sample is weighed and transferred into a 60 ml polyethylene 
wide-mnoutlh bottle. A plastic bead 0.9 cm in diameter is placed in the 
bottle with 25 ml of acid orange 12 reagent solution (ilymowilz, et al., 
1969: Sitlgh and Ilymnowitz, 1971 : American Oil Chemists Soc., 1967). The 
bottle is placed horizontally for 105 mn on a reciprocal shaker that pro
duces approximately 150 strokes per mini. After shaking, the solution is 
fillered lirougoi a fiher-glass filter placed oil a No. 4/0 Ilusch porcelain 
funnel into a test tube up to the 15 ml level. The filtrate is cle,,.The 
calibration curve is based on Kjeldahl values. 

Instrument 

Vdy Analyzer Co. colorimeter equipped with a flow-through cuvette that 
has a path length of aboutl 0.3 mmni. 
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c.Soybean Trvpsin hihibitorA2 - Qualitative
 
Sample Preparation
 
An oily sample of finely ground soybean meal is well mixed in a moi tar
with 3 ml of a buffer solution containing 2 ml of" buffer (0.092 Mtrislhv
dlroxyrctliylarinoiiictliaiie and 0.023 M ('aC 2 2 1120 brought to p11 8.1
with IICI) and I ml of (1.4 g of sucrose. The mixture is decanted into a test 
tube and centrifluged ait 2,000 x g for 10 min in a clinical, unrefrigerated
centrifuge. After centritugation , the supernatent is decanted in to astorage
vial aind stored at 00 to 20C until electrophonesis (I lymowitz and I ladley,
1972; Yen, et al., 1971). A 30-p liter volume of the final supernatet is 
sufficient to show the presence of' trypsin inhibitor band(s) when clectro
phonesi, was perfoirmed by the procedure of Singh, et al. 

Instrnttent 
Canalco Flectrophonesis Constant Rate Source Model 300B and a Canalco 
Quick Qal Destaener. 

f. Sugar Content
 
Sample Preparation
 
Whole mature seeds are placed in a forced drafl incubator Ir 5 days at
48'C. The moisture content at the end of the 5 days is approximately 3 
per cent. Seeds are ground in a Baner Mill, 4 g of' nical is weighed, wrapped
in 15-cm Whatman fillter paper. 

Oil is extracted from the meal in a Soxhlet extraction apparatus with 
petroleunm elher fr 24 hr. Afterward, sugars are extracted froii the de
fatted meal by repeated vashinigs with 80 per cent ethanol. Protein inithe 
extract is precipitaled by asoltilion of lead acetale, and excess lead precipi
tated with sodium bicarbonate. The p1H of the solution is 6.4 to 6.8. The 
sugar solution is brought to volume in a 50-ml volumetric flash. A 10-ml 
saimple is centrif'uged for 30 min at 2.000 x g and stored in a I0-ml viad at 
- 15°C.
 

A sugar-tri i ethylsilyl derivative is made, using 2 till of' trimetlyl
silylimidazole in dry pyridine it 15 ng per ul. ThV derivative is inject'd

directly into the gas chronmatograph (see Hynliowitz, 
 et al., 1972; Hyrnio.
 
witz and Sho, 19)69).
 

Instninent 
A Beckman GC-45 gas chronat ograplh with dual "U"-shiaped cohn iiiiis. dual
hydrogen flame conization detectors, a-c electrometer linear temperature 
programer, two column injection inlets, and equipped with a I-my Beck
man linear potntiometric recorder is used. 

Dual stainless-sleel columns 1.98-iu long are packed with 2 per cent
OV- 7 on Dialoport S (80 to 100 mesh). Stainless-steel ferules are used in 
the columns. Fixed temperatires are: inlet 300C; detector line 3350C;
and detector 350'(. Gas flow rates are: air at 275 cc per main; hydrogen at
45 cc per min; helium carrier at 90 cc per min; and helium makeup at 30 
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cc per min. The linear prograiner is set at an initial temperature of I500C 
and final temperature of 330 0C with a rise lime of 16 nain. 

g. Range of Chemical Components in So'bean Seed 

Chemical Component Range 

52.2-35.1Protein % 

23.4-11.4
0.1% 
17.4- 9.3Palnitic % 

7.0- 2.2
Stearic % 


Olcic % 
 29.6-15.2 
Linuleic % 59.6-33.8 

15.0- 4.3Linolenic % 
Sugar %(U.S. northern varieties) 16.5- 6.2
 

Sucrose % 67.5-41.3
 

Rail it oS % 15.8- 5.2
 

Stachyose % 35.2-12.1 

Trypsin inhibitors Rf 0.79 allele TI' 
Elect rophonetic banding pattern Rf 0.75 allele TI2 
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GENETIC IMPROVEMENT OF 
PHA SF.OL US VULGARIS 

A. M. Evans 

The genus l'hascohs has contributed crop plants to agriculture in both the 
old and [he liew worlds, 11hase1ohis beais are atnong ihie oldest estatblished crop 
plants, and radio-carbon dates show that I'. rtlgaris was domesticated in Central 
America about 7.000 years ago (Kaplan. I05). It was introduced into -urope in 
the sixteenth cetllury. ali since tleln it has becole a cotmnton legttitnots crop 

throttghout most of the woVrld. III Most tropical col'mries it is a valltable pulse 
crop, whereas ill temperate regiolls, Iltot;Sitgli LV beais are grown, varieties hlave 

been developed t'0r frc:h poi consitmption and for processing is ftozet vege t.a

bles. 

Genetic Diversity 

Studies of the gettetic variabilhy within the species have beel carried out in 

Cambridge over a number of years. (Mc\'alter. 19.4: Rallgen. 1905: Smanrtt. 

1909: Froussios. 1970). The aimihs been to ,ive infor'matiot oil tile polential 

fbr the genetic inlprovement of this crop. Acollection of sonic 4,000 etntries has 

been asselbled t 1072). These include varieties frottt the cetnter of"diversitv of 
this species in Central atd Soutll Anierica, wild populations from Mexico, land 

races from Uganda, aid varieties front temperate North America amil Europe. 

Intraspecific Differentiation in Cultivars 

Under greenhoulse Collditions, lroussios (1970) described four growth forms. 

Under field conditions at Cambridge, using i greater range of material, Peginglon 

(unptblished, 1972) has recognized five races (Table I). These races vary in 

habit, leal size. imterliode length and iilterole itber. Tile survey of their 

frttiting characters shows variation in pod letngth and texture, in seed tlbers 

per pod, and itt seed size (Table II). 

The pattern of evolut ion appears to be as follows: 
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CENTRAL AMERICA 

Race I a 

Small-seeded, indeterminate climbers 

small.seeded, small-seeded, small-seeded, 
indeterminate indeterminate detcrminate 
seluiclilbers bush types mullinoded types

II I
 
Race 2 Race 3 Race 4 

SOUTH AMERICA 

Race I b 

Large-seeded, indeterminate climbers
I
 

large-seeded. 
determinate 
bush types

I
 
Race 5 

TABLE I 
Variation in Vegetative Characters in P. vulgaris Varieties 

Race hlabit of plani 
Internode 

length 
Number of 
internodes Leaf size 

I Indeterminate 

climber long 17-35 
I (a) small 
1(b) large 

2 Indeterminate 
semiclimber long 14-30 small 

3 Indeterminate 
bush short 13-25 small 

4 Determinate 
climber short 12-15 small 

5 l)eterminate 

bush long 3-5 large 
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TABLE If
 
Variation in Fruiting Characters in I. 'ulgaris Cultivars
 

Seed numberRace Pod length (rm) per pod Seed size (nig) Pod texture 

I pa rc I di'hllh
I 75 to > 1 5C 3-7 1 sll -8 leather) .and 

2 < 7 5 to I12 5-7 small 200-400 parchliented 

and leathery 

3 < 75 to 1 12 5-7 small 150-3010 parclhnented 

4 < 75 io 112 6-8 small 15(-251 leaihery 

5 75 to > 150 3-1 lar;e 40(0-I00l0 leathery and 
leshy 

TABLE III 
Characteristics of the Eight Parental Varieties 

Vaiealnae originCountry of (;lwhhdi p size (1rag)Varietal name Growth habit ') yee Mean sed 

Pananteno (PM) (Coloiii)ji l)cterniinate hu-Ji Leathery 693
 

Tipo CoiiUn (C() Colonbia Det'rininate hili Leathery 582
 

Cuarentano
 
5 4-1l (CT) Costa Rica I)eteriinate hush Leathery 411
 

Masterpiece IMP) Britait I)etcrminate huih Leathcry 519
 

GClencarse (GI) lritai I)etc rniniate biish Ileshy 414
 

Tenderwhile (T\Vi U.S.A. I)eteriiniate buh Flteshy 389
 

Guatemala 14-2
 
((;M) Cuaiiialai Indetermiinate bush Parcliici d 198
 

Venectieea 41 (VZ)Veiiuiiela Indetermnaiti , ht h Parchiiielnled 172
 

It is clear that elorbous variation occurs inP lu/li's cullivars and this call 
be exploited by breeding. lhere is :lso variation invarietal response to photo
period, ainL the selectio of vaielies for north-temperale tise has primarily in
volve d seleclion for Iolerance of long days. 

Exploitation of Variability by Breeding 

The breeding prograin at Canihridge is a joint enterprise with the University 
of Makerere, Uganda. Ilence, day-neuIlral types were chosen as parenlal varielies 
for bieeding. These types coilain a mitorphologically predetermined paltern of 
(levelopinelit, irrespective of day length. In considering (lie inos desirable 
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,

the climbing lypv so the
growth halbit , little lplpeared to be gained in using 

are inore suited to the agronolictypes, whichChoice was hased on tlhe bush 
to Ibothi the 	detennicircumstances of mechanical harvesting. The decisioin use 

made beauIse O1 tile possible use of' b(h
nale and indeterminiate b)1hush types was 

these types inllUganda ( .eakey. 1971). 

bish varielies of,/,.i't, t,1,1'ns were selected I'loUll the collection to includelighl 
areas. Dliails olf the growtlih haits., pod

representatives of' different geographical 
III. The eight parietal

types, seed Si/es. anid cOuntllry otl origil are ,ivell in Table 

'is;lioli. auid 561 l, flmilies. inIcludilng reciIrocrossed I diallel 

dhc . A totalf If1804 pollitiatioiis were liulde aid I .,5( pods 
varieties were ill 

cals. were I)r 
ceiit oveill. The 1:i hyrids were 

were IproducCd. 	 giving a 72.1 pet success 

olliilate ito produce 56 F: ]rogeilie,. Patents. l:i. and F, proge
allowed Io sel. 

tile ileld. iusill al15 i'tCtc Lesigii. Js descrihCd by PliippS. C! 
nies were erowli in 

(I 94.). Teii seeds were Sown pr sit, le-row plot wilh : 25-c illntrarlw a1d I 
al. 

O-ciln iiierr''w spacing: tree replicales were used. All the coii pOnetcliitc

yield per plaint inl parents. F, , and 
(ers of yiCld were scorCd. hut 0it\ tolal seed 

[-, prtoenies will be considered here (Tables IV. V a and V hi. 

plant. whereas
li the plrents. tihe uwa yields rangd froii 42.5 to 47.9 ,g pe' 

romi 23.7 to 74.8 o ill ilie ]:i plrogeiies. There was evidence Of 
tile raiuge was 

was aetl:isa significant positive deviation, Over
considerable hiete osis. This 

preliC I Or sigiicanlt ilegative Lvi:itionl over 1ll
all crosses, above their top 

from their parenl. degree' of hCleosis \V:is expressed aIs I 
crosses hottoni lho 

il l eall. There was significant positive lie-
p)ercentagC oft the torrespondilig parent 


terOsis at tle I per Cell level of sigllificace in tile 1:i progeiiies , but limUch of,
 

was lost in tle 	1: (Table VI). Oil omillting tile progelc'i that included
ihis 

cdrelase ill ictelosis in tile Fe hill t OImoewas
IareIlS GM anild V/.. there wasa 

maiiained ini the F, (EvLats, 1970). 

Ol cotlisidelig omily tile six delerinimiate bush varieties. tile highest yields in 
the 1 andt [ were froln hsilgle-planlt plrogetlies of("T. CC. and rC. 

TABLE IV 

Adjusted Means of F, -Yield per Plant (g) 

PM TC (,r \P (;C '[1V (;M\ VZ Meain 

PM 42.5 57.7 62.4 53.8 58.2 62.1 66.5 61.7 58.1 

TC 55.4 45.2 52.6 59.8 62.5 62.5 65.0i 66.8 58.7 

Cil 55.9 57.4 45.3 59.5 64.3 64.8 71.11 64.5 6it.3 

MIP 57.5 56.8 52.5 47.9 63.8 61.4 61.2 7(1.1 58.9 

GC" 66.3 54.3 74.8 58.9 46.8 42.4 71.3 63.7 59.8 

TW 50.3 49.7 55.2 42.3 39.6 23.7 58.0 56.01 46.9 

GM 58.4 70.5 62.5 69.2 66.3 65.2 37.8 5 1.3 6(0.2 

VZ 60.3 63.1 62.9 61.9 61.7 59.8 42.9 410.7 56.7 

Meanm 55.8 56.8 58.5 56.7 57.9 55.2 59.2 59.4 57.4 



TABLE Va
 
Adjusted Means of F2 -Yield per Plant (g)
 

PM TC Cl" Mll GC TW GM VZ Mean 

PM 42.5 52.5 56.4 53.3 52.3 45.6 45.S 43.7 49.0 
TC 48.0 45.2 51.0 45.8 60.3 55.6 46.9 46.8 50.0 
cr 47.5 48.7 45.3 49.9 56.4 51.1 40.8 30.7 46.3 
MII 55.2 51.8 49.1 47.9 50.7 44.8 32.8 37.6 46.2 
GC 53.0 57.1 60.0 55.4 46.8 42.8 43.7 45.0 50.5 
TW 52.1 53.7 49.8 41.0 41.9 23.7 41.9 41.7 43.2 
GM 40.5 48.0 42.6 37.9 43.3 50.7 37.8 36.6 42.2 
VZ 46.0 37.9 41.3 40.6 46.9 37.8 48.1 40.7 42.4 

Ncan 48.1 49.4 49.4 46.5 49.8 44.0 42.2 40.4 46.2 

Overall S.,. -- 0.67 I..S.D. (at 5,; ) 1.71) 

TABLE Vb
 
Analysis of Variance of 53 Lattice Trial of
 

Parents, F, and F2 Progenies
 

D.F. Mean Square F 

Replicates 2 4774.9018 ... 

Blocks 72 69.8348 ++ 
Populations I 24 298.0567 +++ 
Blocks + error 248 51.0151 

Error 176 43.3161 
(For the estimation of F, the blocks and Error M.S. has been used) 

TABLE VI 
Degree of Heterosis in the F, and F 2 Progenies 

Degree of' Degree of 
lieterosis heterosis(1,1 S. E. (0._)2,E 

All progenies +31.74 2.251 + 3.47+ 1.967 n.s. 
Omitting GM & VZ +23.27 2.997 + 1.19 2.057 ' 
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F. Progeny Rows 

The mca yields from 5 m drilled F.1 progeny rows (Table VII), show that the 
highest-yiclding F3 progenies were obtained from the CT and TC parents (393 
g). whereas the GC progenies, which had performed well in the F, and F2 
generations when grown as spaced plants, were very poor under the F3 comlpeti
live conditions. 

TABLE VI! 
F. Yield per 5m Rows 

PM TC cI" Mi (;C TW hIcan 

PM 311.3 328.9 399.5 320.2 289.9 214.0 310.5 

TC 389.7 380.9 399.5 345.6 331.6 239.2 347.7 

(T1 398.1 386.3 397.8 362.2 337.0 263.7 357.3 

NI' 320.5 391.3 390.3 327.7 275.2 171.1 312.3 

(C 296.8 318.5 292.6 245.7 179.3 158.6 248.6 

'11V 212.0 211.5 253.0 219.9 153.1 108.3 192.6 

Mean 321.3 336.7 355.4 303.5 261.2 192.5 294.9 

SI.F 18.22 L.S 1). = 5 I.3(, 

400 PM /CTO TCC 

TCTM 

-j 
u 300-

ILU 

V200- PM/
MK PIGC 
0 

LL TrW/GC lc 

I I I 
100 200 300 400 

F3 PREDICTED YIELD G. 

Figure I. Predicled and observed values for 1ih three higheslt- and three 
Iowsl-iclin2progenlies ill 1 3 . 
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A striking feature of the F. yield data was that the observed values showed a1 
"highly significant correlation (y = 0.959 ) with the expected values calculated 

from the means of parental yields (Figure I). Most of the genetic variation is 
thus additive, and there is likely to be response to selection for high yield in 
future generations. The mean yields of the F., progenies was 20t5 g (1967 kg/ha) 
and of the CT/TC progeny was 393 g (2620 kg/ha). 

So far, the program has shown that there is a gentlic ptleltial for yield 
improvement in this material. Al F3 composite bulk population was also grown 
in 1971 at both Cambridge and Makerere Universities, and we plan to compare 
the perk;rmance of tilebulks at these contrasting sites. Itis lopo'd that this will 
assist in breeding for stability and adaptability in the two environlellts ald will 
contribute to both breeding prograns. 

Crude Protein Estimation 

A limited aimount of informuation is available on the crude-protein percentage 
determined from seed samples from spaced plants of'the six determinate bush 
varieties: 

Variety %proleiri Yield/plant (g) Yield ofIrotein/plant (g) 

PM 26.9 42.5 11.43 
rc 25.0 45.2 It .3(1 

CT 24.4 45.3 1It.55 

MP 22.8 47.9 101.92 
GC 23.5 46.8 10.99 
TW 25.1 43.7 10.96 

Pooled S.E. 1.08 0.67 

The main trends are that the higltest-yielding variety (MI) has the h tper 
cent protein and the variety with the highest per cent protein (1)NlM)has the 
lowest yield. The highest yield of pliotcin per plant is given by a variety with 
yield and protein near to the average (CT). 

Breeding for Yield and % Protein in Grain Legumes 

A few workers have studied the relationship between yield and protein con
tent in grain legumes and ill nearly all cases have reported a negative correlalion. 
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Crop Correlaijoncoeffici'nt (1) Authority 

Soybeaus - 0.33 Johnson, el ill., 1955 

-0.08 

iIha.Wohis beans -- 0.635 Tandon, et al., 1957 

I/as,'ohos beans - 0.23 Rutger, 1970 

-0.36 

PIea Low -correlation (n.s.) Fiiredi. 1970 

I'haeohs beans .. 0.446 l.eleji, cti.,1972 

Although percentage protein is inversely related to yield, Leleji, et al., (1(72) 
have shown ihal variation occurred in 2 and F.3progenies from highenough :,

and low crude-proleiti lines to allow selection of genotypcs that combined high 
yields with above-average crude protein content. I lowcver, they postulated that 
many plants produce seed high in percent crude protcin because they have a 
limiled seed produc!ion or sink capacity. Tcrelore, it m:y be necessary to 
construct plant types with a larger sink capacity before high seed yield and high 
crulde pol~ein call be combin-d illone genotype. 

At present. and mtil a greater range o;*variation has been explored or has 
been generated in hybrid progenies, the plant-breeder's strategy muIst be to select 
first for high seed yield and, within his hiigh-yieldinig lines, to select for above
average crude protein content, thus insuring the highest protein yield per acre. 
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THE MAKERERE PROGRAM 

P.R. Rubaihayo, R.W. Radley, T.N. Khan, J. Mukiibi, 
C.L.A. Leakey, and J.M. Ashley 

Mankind still struggles to bring the population-food supply equation into 
balance. The lack of balance of the vital nutritive clements, especially protein, 
seems to be particularly critical in developing countries and certainly in Uganda. 

Although the national protein production is respectable, tire disfribution is poor 
and the protein quality in terms of essential amlilo acids -- especially methiolnine 
and lysine -- compounds the complex problem. OLd and St abursvik (1970) 
have shown that the diet of most Ugandans contains enough total protein but 
lacks these essential amino acids. At the moment, abl1ot 70 per cent of the 
protein in the humian diet world-wide cones froim vegetable sources and 30 per 
cent from animal sources (Roberts, 1970). The high-protin foods utilied in 
Uganda are mainly of animal origin, but all of them are too expensive for regular 

dietary consumption and tend to he regarded as luxuries. 
As an approach to meetittg the protein needs of tie poor in Uganda in 

particular and easlell Africa as a whole, tihe Makerere gra in-legume improve. 
ment program was slarted in 190-,5. The major objectives in the program were: 
(1) improvement of protein, by which is meant high-protein content and betlier 
amino-acid composition (more nethiolnine): (2) achievement of high yield po
tential; (3) identification of disease and pest resistatie and also control and (4) 
establishment of production practices. The crops itvolved were soybean (GI
cine max (L.)Merr., cow peas ( Vigna uutgiciulta L.). beas (I'hascohs v'dgaris L. 
Savi), pigeon peas (('afttms cean L.), aLd, more recently, grouindnits (Arachis 
hvpogea L.) and peas (Jlisiom satiton L.). A substantial amount of gerni plasm 
of each crop has been assembled and tesled at the University Farm. 

This paper gives a brief sunimary of the work so far completed and that in 
progress on each of the crops except peas, aid suggests future research trends onl 
these crops at Makerere University. 

The Soybean Program 

Improv'ement ork priorto 1970. 
Greenway (1945) has reported that soybeans first were introduced to Uganda 

around the turn of this century. However, the crop failed to establish itself as an 
important food crop, and it was not until the outbreak of World War I1 that an 
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stimulated production. That production declined with 
export market for seed 

end of the war. The early history of soybeans in East Africa 	has been 
In 1965,tile 	

and RIubaihayo and Leakey (1970). 
describcd by Rubaihayo (1969), 

once more. Genotype collections were 
research activity in soy beans was revived 

tie University 
Inade and evaluated at both Ka wailda ReseaiclI Staltionl aLd oil 

Farm at Kabanyolo. 
to firsl i'tlowering and to maturity,

ol the periods froill sOwinigInformation on 104 illloducedcent proteinmean seed weight, and per
branching habit, published by

Uganda land-races has been
seleclions fromvarieties and 

Rulbiliayo and Leakey (1970). This work revealed that, for tile maturity classifi

the response of
the Uiited States, based ol

used for cultivals incation system 
genolypes to the changing phtltoperiod Itrolil north to south, does lot hold whenl 

inI 
the same cultivars are grown at Kabanyolo, which is Ol tile Cqatltor and at 

neters above sea level. I.eakey and RubaihayO
 
elevation of approximately 1,21) 


a hypotlesis concetilillg soybean 
1970) discussed this further and put forward 

photo
implicates teniperature raller inoile thal 

adaptation at the equator that 
to be fortlhcolling iroul A.P. 

or tihe hypothesis appears
period. ('onfiriatioll 


Ihighes (piselSoli comnlunicatioi), who is curiently underlaking controlled eii

lis work has showl that
Ieadig I liversity.

vironiiieit stuldies Oin soybe;inS :at 

night tellperature, ill pai licilar, iliueilces the length of the jiveilile period and 

It would seem likely that ttis lesplise of'"a gelotype to 
tie time to llaturity. 

pholperiod. will deterllilie its sultability for 
as tonight tellipeiature, as well 

Illy given location (and elevation) ill Last Africa. 
established that Most of the ilateiial frotn tIle 

Ruhailmayo and Lea:key (1970) 
Ihe local 	selections100 days, whereasiatUred in 85 to

UnitLed Staties alnd Jiapaln 
130 days. Lines iltrodiced frOll low 

took ratlher longer between 100 ai d 
130 days to comnplete theiriuch moore thanill Tanzania requiredelevation areas 

Is thei- growth period woIuld 
deemLed unISUiLible fIMUgalda.

growtlh and were 
exceed tie length of each of tile bieilial rainty seasonts in imlot; yeals. 

alilmilliber of agroilltlic invesligations and
otRubailhayo ( l969) also carried 

of 
as spacing. fertilivei response, planltiig date, the effect 

studied such factors 

weed coillpetilioli, and tIle lesponse of the crop to weed-contol illeasires, both 

and scope of these experimnentsthe ilunlherinechanical and chemical. Although 
were gathered to allow the fbrn01tllatiot of a "iillilage

datawas liiitled. valuable 
of 2,530 kg/ha were recorded, and 

otent package." Several seed yields ill excess 


these perrl'oitnilces led t0 iitcreased optiinlisitt fmr time clop.
 

Soybean Improvement Work Now It Progress At Makerere 

has contiued to evaiaite time geno-
Since September. 1970, Radley (1972) 

is comprised of 172 enlries. In each season, tile 
type collection, witich now 

anid a range of observations is ilade Oil thenl. 
entire collectionm is planted out 

The aims of the exercise are: ( I ) to make selections frolil tile assemIbled pool of 

lesting programn organtized by 
varieties for direct entry into tile regionai-variely 

the Ugailda Government Dlepartnment of AgriCit tire; (2) to choose parents for 
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the hybri ;izatlon programn that was initi:tle1d in late 1970: aiid (3) to stIdy' tile
g12notype by SeaSoti iliter;ctionl. Soie indication of, tile extent ,of thediversit%
Within the collection unay be galhered roin °;Ihle I (aRadle',, 1)71 ). in which
extremle values fol ile claIt(cers Mteas'uted al.e Shown tIhe 
of 1971. It is proposed to contiltte this exercise tlntil tie tnd of 1972. wheni ;lin
evaluation of live se'd.ots will have beel 

or0)t tirs-rtins Se;lsolt 

Completed.
In 1971. a who1l r,\,iueo crv.,en was mad 1wh%Ihwll. Who is nnderlakiing

il ieritalce studies o t hl lop . lt 'It l l, ItItII tnh l- of,e Ci lie six cl ie, o red) ;ale: 
days to loweriuc alid lltlilrit.\.: p:lll 1eig11 and tua;illStCutll noLIde fillIlbei: tlt
ntmber otf pods: seed su/e: seed yield: nd tile rati of'seed weight to tltal Iat]tin
(hty-.Iutatter ;it harvest. 

The iitlfeuice ()I" the ppliitolli.de}:Sity l'acto t theinhIer tatMe ot til
above c,.haracters is heil.t ealtiated In a Stidy itIolviftI thIiCe Mt [he crosses. Vi/..
Bukalasa 4 x "Tkchitg:,hdi. Iluikalasa 4 x (lark 63S. mitd Btikalasi 4 x Willht I.
InI tihe pogtll as a whole. the polic\ is to cross li;tcs. which 111i2lt1 he declibed 
;Is l)Ossessitug l0c:l [tdpltlliott (itIo1ta': ais lltc\ develop kt\veectl 17 id 22 nodes
oil tile Ina}ll Steti dnril the Co rse ofI' erowxmtli atid Illlle if) Il) to 130 davs n 
a plant height ot' 50.8 ci to 8() cii ). with tIle inltrodtuced AlllriCalln .ttdJapae112se 

TABLE I 
Extreme Values in Various Plant Characters of 

Soybeans, Obtained in the Genoype Evaluation Exercise, 

First-Rains Season. 1971 

Lu\\csl valdue Ilti(lest valuePlant character recorded recorded 

Days to fthuweribig 25 (tl 55 illerno 2371 
)ays to harv.,t 

Meall pltl teihllt (tol) 

88 

12.7 

OMaititol 

IAiiiI 

tBrownl 133 

t(19.2 
Itlermo 

(311551 

237) 

7/19/31 
Mean node I tnber 6 (Norit 21 24 (Ileruon 

(IllllI11 Stemlll) 
Mean bratnch uillllr 0 (lltirbiisov ) 8 (Iernto) 
Meani podl milierllrplntt ( 1Norin 21 t010 (Ycltm Kteltel 
Me:n nultbe,r tlte..itlod 1.47 (.\kayav 2.65 (tttatkla \ k) 
Mean number seed s'pod 1.33 (Akazyma) 2.51 tackhawk) 
%seed albort. 1.5 fShirotlatlikokut) 32.6 (AvoyetteI 
I00- eed weigoit (pm) 8.73 (Norredo) 25.21 S;L'0 
IHeight troml grolnd or 

towet-.bhorne pod% ilns) ground level 7 incies (llerio 237) 
Seed yield (kia) 4.33 Nori 2) 3178 (311551.4/9/3) 
% protein 

%oil 
31.8 

15.0) 

1lietgial 

(Norredot 

(' ongtl) 43.7 

23.3 

(Norredo) 

I)Damar 43) 
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cultivars, which at Kabanyolo mature in 85 to 105 days with only 8 to 12 nodes 

on the main stem, but which are characterized by a very high Crop Index. 

Both to augment tie breeding program and to aid crop managelent gener

ally, a number of agronomy/physiology studies also are being undertaken. Two 

of these studies concern mature plant size and its relationship to plant density 

and ma turity period and to the length of the rainy seasons inUganda. These 

studies are as follows: 

I.Genotype x density x spatial arrangement experiments, in which the 
genotype collecgenotypes are chosen to reflect the range that exists in tile 

tion with respect to mature plat size. 

2. Genotype x planting date x density experiments, in which the genotypes 

those which exselected :ire contrast markedly in maturity period. These 

perilments were started in September. 1970. and ire still being carried out. 

A selection of dal 1from experiment I is shown in Tables 11and Ill (Hawtin 

and Radley. unpublished data). These data show clearly the interaction between 
genotype and plant spacing and also serve very large differto denonstrate tile 
ences that exist between genotypes with respect to the efficiency with which 

assitnilate is chianeled into the ecollolic of plant, namely tileseed.part tile 

Thus. altltough Bukalhsa 4. witlh its longer growing period, accumulated rather 

more dry mtier than did ('lark 63. the much higher Crop Index of tilelatter 
was responsible I'tr its exceeding Bukalhsa 4 in terms of seed yield. 

Otier agronomy investigations tHat have been concluded are a nitrogen x 

polash x Rhilobium inoculation trial and a weeding study, itt which hand and 

chemical means of contmol were compared. The fertiliier-response work has been 
disconlimued. is this aspect is now being handled by the Uganda Government 
)epartment ol Agriculture. but it is intended that tihe weed control studies be 

continued at Makerere. 
Tile most recent developtnent in the soybean research program involves the 

use of experimental mnutagenesis by Bulungu as a means of creating genetic 
variability. The objectives of this program are: (I) to estal)ish the optimal 

conditions under which seed trealments should be done and to establish the 

TABLE 11 

Main Effects of Density (Meanedfor Three Spatial Arrangements) 
oti the Seed-Yield Performance (kg/ha) of 

Four Contrasting Genotypes, Second-Rains Season, 1971 

Plant Density ttukalasa 4 Willtt I Clark 63 Tokachinagaha 

67.200 per Im 1912 2047.3 2429 1345 

134,400 per tia 1886 2242.0 3052 1951 

201,400 per Im 1859 2037.0 3124 1999 
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TABLE III

Selected Growth and Development Parameters for the
 

Four Soybean Genotypes Featured in the
 
Genotype X Density X Spatial Arrangement Experiment,
 

Second.Rains Season, 1971 *
 

Parameters Bukalasa 4 Willett I Clark 63 Tokachinagaha 

Plant height at
 
niatirity (cm) 93.0 
 74.4 45.0 22.1
 

Main-stem node no. 
 17.9 16.0 13.6 9.4 

Total dry matter/plant
 
(gris) maximun
 
recorded during the
 
season 30.7 28.3 24.8 14.5 

Fraction of total dry
 
matter channeled into
 
seed 29% 32% 
 48% 45% 

Number of days from

sowing to harvest 122 
 116 102 87 

lbight from ground 
level of the lowest
borne pods, (em) 26.4 11.7 2.8 2.5 

*Figures represent the mean of nine spacing treatments and three replications. 

most appropriate conditions for handling treated sced; and (2) to screen treatedmaterial for usefulpotentially macromulations in M2 plants. The nmtagensbeing used are the chemical nititagen ethyl methane stilphonate (EMS) and ionizing radiation. The variety being used in the initial studies is Biukalasa 4. Although
this is a reasonably good variety, it has the following shortcomings: a tendencyfor pods to shatl er: a long growing period of apl)roximately 125 days; the basalbranches tend Io sever from the main stem; the mean internode length may be
considered too great; it is susceptible to bacterial pustule disease. 

Future Research Work at Makerere 

In the immediate fitire, almost all of the areas of research mentioned abovewill be continted. In the longer term, it is likely that the breeding component of
(lie program will make increasing demands on the resources available. The em
phasis in the breeding program will be toward the production of nonshattering,
nonlodging, high-yielding plant types with a high combined yield of' oil and
protein.

Much of the work carried out heretofore has been bio'.gical in nature and
oriented towards raising yields. For the fCuture of the crop to be assured, how
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ever, work with a technology bias directed toward reducing costs of production 
is going to be eclually necessary. In particular, low-cost aids for seeding the crop, 
harvesting, tlreshinlg. and seed cleaning are much required. It isin recognition of 
this need thai the )epartment of Agriculiural Engineering iniliated programs 
recea tlyil tihe development of botlh a seeder and a thresher. 

The Pigeon-Pea Program 

The local pigeon-pea varielieN vary 1'ron2 to 4 meters in height and generally 
ie(liie eight m1oths to pridoducC thej6 tirsl crop o1' nllataie seeds. I is generally 
plaited illows 1.5 meters apalt and is 'requelillymixed with such other crops 
issoghill. Iinge millet. and gromadiitiLIS. The averlage yield in tileI1963/64 
census vas estimated to be I68 kg/ha (l)unbar, I1909). Pigeon peam, however, is 
po euially a ses'v pioductive crop, and yields up to 5.000 kg/ha have been 
ieported Iomn Imndi:a (Anon., IP)07). The short-duration cultivars are believed to 
he potenlially higher .ieldiag than long-duration ones (Rachie and Wtlusler. 

1971 ).ttUimtinately. no jctive bleeding work has beeaa done in tie past oia 
Fast Africa. 

\ progrlal swas thelefo're iaaiiiated illI1968 at Makemere to prodice high

yiellig, shart-tlaar;atitl culati\Vas of p1igeon l )ea :mdltialC t ULg:auallau cOalitias. 
Tile :dditioal beiaefits of1shll-dmralioll calltivars conlsist ofl': tile possibility of 
taking IWO cropS illv\ l tdel hialatd:al ail'all collditiulas in ihetIropics; aisinig 

pigeol pea ill 

:1 li 


pigeoaa pea ila a(Iutble-crnlppiag sysieima aiad :avoidiag d;alage from itnsecls pests, 
:isthe sholrt dllatioa would limit baaill-atm) 0atilascCts. 

The illaprovelleill ploonalam started Witlh asseaabliiag a world collectionm ol 

5.000t va ielies of pigeoli peas atlld Ihell iakerele dlairilg IQ68 andsceeaiaag t 
. 
 otf was to milost ile genetic 

variabilil'. Tlis "relltseitaseiaaassc""]has beena gown in Ugadta, Nigeria, and 
('oloubia. aaad ieaills are being assembled to sludy their behavior ii widely 
separaled Incaliolls. It is hoped that. s,,ith 

It()QA set 500tvaaieties selected represeut of' 

file above stiadies, it will be possible to 
prepare acaialogue of getelic stocks inlthe aicar fiture. 

The imilial progress of' this progaiam has been reported by Kham ard Rachie 
1972). A amabei of single-plaat selections were aadc fra tae elite liliesand 

also froiaa crosses belweel the selected elite lilaes. The progel of these elite lines 
sveae bulked aaad tested ilpreliiinary yield trials. The most 1)rnatising liles Were 
tested furtlher. The plamil spacilag ill trials s's 80 can belweeil rows aaad 20 cut 
betv'el plants. Iatile mo e thaia inlast thiCe years, 100 lilaes have been tested 
these llials. As a aesalt . a 1111naber of' promising breediag lies hlave been identi
fied. l)ta oil eight of* the lilies have beenilta1t tested iaaseveral trials are preseilt
ed inTable IV. Ill lair yiteld patential. these varieties range l'roma1.304 to 2237 
kg/hia anad take 125 io140 days tt attire. Their heights range belsveen 0.89 and 
1.67 uteters. The averaige rammuber ot1locules and seeds pet poad ralage between 
4.175 alad 4.425, and 3.975 and 4.575, respectively, and are essentially the same 
ill all the varieties. 

TI ie ineasure of adapt ability was iaade by the regression approach suggested 
by Fillay alld WilkiusOmu (19 03). This consists of using fileregression coefi'cient 



TABLE IV 
Yield Potential and Other Parameters of Some of the Advanced Breeding Lines 

of Pigeon Peas at Nlakerere* 

Average Average Average Average Average Yield 
Uganda days to Average plant no. of no. of no. of poten

collection first day%to height main Iocules seeds tial 
number Source flowering maturity (cm) branches in pods per pod (kg/ha) h** 

I (('I%' I.) 1rianda 84 127 107 5.511 4.425 4.3010 1959 0.57 

16 I'hi;ippines 88 132 135 7.25 4.200 4.100 1304 0.86 

948 Indiaj 85 125 115 9.25 4.200 4.0(17 1700 0.86 

959 India 84 128 120 7.00 4.200 4.201) 1997 0.99 

2288 India 87 128 139 4.75 4.175 3.975 1683 0.77 

1447 89 129 121 4.75 4.75 4.575 1193 0.79 

3135 India 71 131) 167 7.25 2237 

5417 75 140 89 1923 1.10 

*1 \ccpt in last tx%o line. dtalaark: n resuls in %ariclie,, UC I to 'C 1447. In varieties UC 3135 and 5417. suchhawtL 1971 sccond-rains 

data arc hjacd on 1970 first-rain,, results. 
* * Regression 01 Valricy l a lnsiver trial nilans. 
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b of variety mican over trial mean as a neasure of adaptability. Uganda selection 

UC I had tile coefficient value (0.57) and was therefore consilowest regression 
dered to be the most stable. The exotic varieties ranged in their regression 

coefficient values between 0.77 and 1.00. 
The degree of out-crossing at Makcrere has been found to be 8 to 22 per cent, 

This emphasizes the need for pollination control, soseason. 
elite lines must be grown in isolation for bulking purposes. 

Using the data obtained from yield trials, heritability estimates and correla

tion coefticients have been calculated. The details of the data have been reported 

by Khan and Rachie (I 972). 1leritabilities of days to first flower and days to 

maturity were high (0.7 to 0.9 and 0.74. respectively). Oil the other hand, plant 

height and plant width exhibited low beritabilities. The heritability of tie grain 

yield, however, varied widely (0.43 to 0.87), depending on the season and tle 

genotypes included in the trial. Grain yield was positively significant when corre

depending upon tile 

lated with plant width, length of main branch, pods per main branch, pods per 

plant, threshing factor, and grain/straw ratio. The correla tion between yield and 

days to flower was negative and significant (P < 0.001). Grain yield also was 

found iohave negative and significant correlation with tie incidence of Cerco

spora leaf spol. 

Future Program 

With our increasing familiarity with the pigeon-pea material, we have realized 

studies in various fields are necessary if the breedingthat considerable basic 
program is to be carried further. Therefore, a subprogram has been started to 

carry out basic studies in allied fields. 
It is felt that we have reached tilelimits of' the breeding program itself, as far 

as the applicability of straight selection is concerned. Ali extensive hybridization 

program has been started between local and exotic types and also between exotic 

types x exotic types. Tro utilie the high outcrossing perce: tage. two composites 

have been formed. At present, tiese composiles have been left for random 

mating for three to 'our generations. Thereafter, they will be used as base 

populations for trying some of tilebreeding imlehods normally employed in 

cross-fertilized crops. The allied sttidies consist of general genetic studies, a 

search f'or male sterility, the growth analysis of iluportant architectural types, 

and studies in flower abscission. A program to study the sources of' resistance to 

Cercospora leaf spot and its genetics also has been started. 

The Cow-Pea Program 

The Uganda Census of Agriculture. 1966, Vol. III. shows (Table V) that cow 

pea is one of the most important pulse crops of Uganda, ranking third in impor

fance only after beans and groundnuts. 
Because of the importance of cow peas, the Faculty of Agriculture initiated, 
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TABLE VHectares* of Important Grain Legumes in Uganda 
Crop Grown Pure Mixed Total 

Beans 143,000 619,000 762,000 
Groundnuts 166,000 214,000 380,000 
Cow peas 73,000 118,000 191,00(0 
Pigeon peas 31,000 98,000 129,000 

*Excluding Tort and Karamoja Iistuicts. (Source: Uganda Census of 
Agriculture, 1966, Vol. 3) 

in 1965, work on the improvement of that pulse crop. When the progi amstarted, very little empirical data existed 
was 

on agronomic practices, the varieties 
grown, and the control of pests and diseases of this crop.

Cow peas are grown more in the drier parts of' Uganda. Traditionally. theymay be grown in pure stand or mixed in varying proportions with other crops.
such as finger millet, sorghum, maize, sini-sini, and cassava.

Experiments to determine optimum plant populations have been carried onit.Mehta (1970) worked with populations that ranged fromi about 26,000 to430,000 plants per hectare and, using three varieties, obtained average yields of1,500 to 1,700 kg/ha at tile lower plant populations ot' between 26,000 to 48,000
plants per hectare. With higher populations, yields were lower. 

Little response to fertilizer applications has been recorded. Using tie varietyEmnma, Mehta (1970) obtained a yield 'ncremernt of 21 per cent with singlesuperphosphate (a phosphate fertilizer thrit contains 16 to 21 per cent available 
P2 05). Calcium ammonium nitrate and potassitim sulphate did not cause significant increases in yield. Also, S.O. Keya (1972), unpublished), working with thevarieties Iran Grey and -mma, obtained no responses in grain yield to nitrogen 
or phosphorus application. 

Ordinary farmers practice virtually no crop-protection measu res on cow peasapart f'rom weeding, although cow peas in Uganda are generally infested with
pests and diseases. The most important insect pests of cow peas in the LakeCrescent area are pod borers, ,aniva testutalis Geyer: the pod.fly larva, 1elano
gron.vza chalcosoma Spencer; and storage weevils. Control of the pod borerincreased yields from 1,500 to 2,100 kg/la (Mehita, IQ70). Koehler and Mehta(1969) have shown that infestation by 11. chalcosoma reduces germination, retards radicle development, and increases the proportion of abnormal seedlings,
bilt there have been no experiments aimed at controlling this pest.Infestation of threshed dry cow peas by weevils during -,torage is olteri severe,
but data are not available to show the extent of inl'estalioti under dilTerent 
storage conditions or the most effective way of controlling weevil damage.

There are several diseases ot cow peas in the Lake Crescent area, of which themost important are the stem, pod, and leaf diseases caused by S.unchtritint
dolichi, Assochyta phascolonm, Dactuliophora tarrii and sometimes Colleto
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frk'humn lidmtilliauum. Several fungicides have been tried and many of them, 

especially l)itaue M45, control these diseases and so increase tile yield from 

2.100 it) 2,700 kg/ha (NMokiili, 19()). 

Current work oi tie interaction of weeds, pests, and diseases (Mukiibi, un

published) indicates ihai weeds alone depress pod fornation and grain yield by 

up lo I00 per cent and is the most important single negative factor. Yields were 

reduced rlather mole by insect pests than by disease. There was no correlation 

between insect intestatiorl and ftugeal discases, but the absece of weeds led 1t 

severe attack /'.ss crhyl :L idDactlldiophora leaf spols. 

Mehia (I 170) made 43 collections fron various parts of Uganda. lie also 

shows some of' these coilecmade introductions from other countries. Table Vi 

tiols with tile highest yield potential. 

The variely V.i. 12 ( I-mna) appears to be the most promising, bat this may 

he becauInse it was tested in tile saime are a (Kabanyolo) from whii it was col

lected. By groswing 34 ctLItiva:s collected from Uganda and other parts of the 

world, Meiha (1 Q70) was able to select four Irotlising varieties -- Iran Grey, Pale 

(;reen, Lalita.2. and Imnma -- on the basis of yield and pest and disease toler

ance. The irst two varieties were collections Ifrom Soutlh Africa and the latter 

from lUg:tda. Mehia (I )96)reported work on tile hybridization program. This 

work was carried tn up to the F3 generation and tinfortunately was abandoned 

vheni he lelit for Nigeria. 

Table VII shows [lte cutrent wvork heing done by Oland and Stabursvik ol 

important pulse crops ias part of a crop-ilnprovelnetlt program with respect to 

ipnolein tlu:ailv. The quality of' the cow-pea protein, based oil essential amino

acid cotmtpositiotn with 1.3 per cent methiomine, is slightly better than that of' the 

otiter grain leginies. 

Although tlte cow pea is one of tie most importatt pulse crops in Uganda. 

research oil agrontomic aspects and the selection andllreeding of inproved vatie

ties is still inadequate and, in smne cases, lacking. Rather more has been done on 

aspects of crop proteclion. but tile itllportance of soil-borne and virus diseases 

has not yet been examined sufficiently. 

TABLE VI 

Yields Obtained in Variety Trials of Cow Peas 

Variety District of Origin Fstimated Yield (kg/la) 

V.U. 12 (limmna ) West ltuganda 2890t 

Serere Local Serere 1870 

Vii. I Lango 1560 

V.U. 8 Acholi 1460 

V.U. 13 U.mtngo 1170 
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TABLE VII
 
Percent Composition of Essential
 

Amino Acids in Some Pulse Crops in Uganda
 

Pigeon ;round-


AAs Beans Soybeans Cosk Peas Ieas nuts
 

3.0t6.7 6.8Lysine 6.8 6.3 
2.74.1 3.84.7 4.1Threonine 

4.8 4.35.4 4.7 5.2Valine 
4.3 3.54.5 4.3 4.3Isoleucine 

6.47.4 6.8Leucine 7.8 	 7.1 

1.0 0.8Tryptophan 1.0 	 1.2 1.2 

1.11.0 1.2 1.3 1.1Methionine 
0.5 1.3

Cysteine 1.2 	 1.5 0.7 

910 5.64.9 5.7Phenylatanine 5.5 
2.5 3.8

Tyrosine 3.2 	 3.6 3.t 

The Bean Program 

Yield is a paramount objective in the bean program. The plant type especially 

habit: high yield potential: resistance to such diseases as 
sought is of upright 

which most varieties lack. The main emphasis of! 
mosaic, anthracnose, and blight, 

1967 has been on the use of hybridi/ation between large-seeded.
work since 

trom crosses illtileNima and its derivatives, prodtucedColombian-bred 	 l)iacol 
ca rying the ARI gene

Kawanda program, :,nd stringless vegetablc varieties 

Blanner, t. ')16: Mastcnhock. I960(). The 
(Lcakcy and Sijmbwa-Buntva. I1972 

last-mentioned was bred at Versailles by Bannelcot. This prlogram has givel rise to 

types.
a range of new, high-yielding lines of both dv-seed and orceti-pod 

objectives, canning acceptability which. in etfect.
Itl uddition to the above 

bean coiliiited witlh 
means the "correct" or traditional shape of 1MichigIt peal 


Iry grain - is a major ci elmioilharicot-bei
ill improve
rapid soakability 	of the 

to protein content and quality as 
we attach great 	 importancement. Although 

arc a positiol
measured by the methionine content of the proteiin, we lot illi to
 

selectiot of :,egrcgating populations 
because we 
elevate this to a major p:ace in 


tectify this 1-k,and it
 
lack a suitable screening method. Steps are being taken to 


assay of Iolinder ( 1970)

is expected that 	tilePdioc'occuscerarise apid-plait 

fulure basis of proteini selection :itMakerer. This has much ito 
will provide 	the 

it over the widely used UI)Y. or dVe.bindinlg. analysis ifor grain
recommend 

for which this latter tietliod is 
legume work, because the basic 	 amino acids 

in :my of the pulses. A total-sulfur lapid assay
specific are not relatively deficient 


have rot yet aloptCd oite.
would be very useful, but we 

When planted itt East Africa, most well-known an idwidely griw II hea.S Silltel 

from bean rust caused by Urom'ces phasL'oli, and oil this accoutnt 
severely 

A survey of a world colleclion of 
cannot be produced on a commercial scale. 
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beans in Uganda in recent years (Leakey, Atkins, and Magara, 1972) has shown 

widcsprea d susceptibility to prevalent races of rust, but about 20 accessions with 

small seeds and reasonable adaptation have indicated resistance to sonic of those 

races. Increasing attention is being given to breeding and selecting for tolerance 

to Xanthomonas phascoli, to which many ,therwise promising new inlroduc

tins and lines selected from recent crosses are proving susceptible (Leakey, 

I972). No strong resist ance is available, but a nrumber of lines, such as ICA 

Guali, from Colombia, and Jules and Tar:., bred in Nebraska (Coyne and Schus

ter, 1969; 1Q70), are bein stLudiCd as potential lparCnts. 

Agroni tic and variety trial experiments have been carried olit. Results in 

Table Vill give :i indication of, tire potential yields that can be obtained. Yields 

generally vary fron season to season between 1,300 kg/ha and 2,400 kg/ha. 

The Ground nut Program 

Grotodmit ts (Arachis hi'pogea L.) are grown extensively in Uganda (crable V). 

As a crop, they have been established in tire country for well over a century 

(Jameson, 1P)70). Ih the I1920s arnd I930s, the limited range of types grown in 

file country was suplemented with tforeign introductions by tle Uganda Gov

erminernt Agriculture I)epartiment. These, togethcr with soeic of tile local types, 

were kept at [tie Government Research Station at Serere and were subjected to 

selection work and agronomic studies. To augment this material, a comprellen

sive collection was made of, all tile main varieties grown in Uganda, ard further 

foreigii introduictions were rnadc from 190()0 to 1962 by Tiley (I 962). 

From 1963 to 1906, Tribe (1963) carried out tile first and only hybridization 

work in Uganida . Il s Main afin was to incorporate resistance to the danraging 

T'0BLE VIII 
Results of a Spacing and Fertilizer Trial with a Standard Bean 

Variety (Banja) and a Promising Variety (Diacol Nirna) 

Kg of mixed fertilizer/ha 

Plant/acre Variety 0 628 1255 2510 

37,400) tlanija 879 1333 1531 1417 

t)iacol Nima 1397 1588 1565 1930 

72,900 tI:aja 1296 1836 2094 2016 

I)iacot Nima 1653 2202 2473 2551 

108,5001 Banja 1177 2223 2594 2287 

Diicol Nima 1745 2594 3183 2857 

145,900 tIanja 1459 2253 2890 2569 
Diacol Nima 1893 2723 321(0 326t0 

271,200 Ilarija 1457 2392 2834 2790 
Diacol Nima 2118 3091 3268 3399 
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virus disease, rosette, into potentially high-yielding types. lie selected from the 
collection those varieties that were resistant, such varieties, as a rule, being poor
yielders. These varieties were crossed with rosette-susce ptible types, which never. 
theless were potentially high yielders, provided that Ihey were grown under 
rosette-free conditions. The resultant generations were grown out and promising
selections were back-crossed for yield. Unfortunately, there has not been a 
breeding program in Uganda since then. It is hoped that one will be initiated in 
the near future. 

Currently, groundnt imprOtveuent work is confined mainly to selection and 
testing of' promising varieties in the government collection at Serere, based on 
district, variety, and trial-yield data. 

A physiological study that involves the correlation of the growth characters 
within the crop with seed yield also is being carried ou at Makerere University 
by J.M. Ashley. It is hoped that such information will provide a useful hank of 
data for future breeding work at the single-plant selection level. In his study, 
one variety wilh each of the three distinct growth habits - Spanish. Valencia, 
and Virginia -- was chosen, and inder field conditions each was treated in 
various ways which allered the phenotype. The changes in growth character were 
correlated positively or negatively with yield. Findings then were tested with a 
wider range of genotypes to see if general conclusions could be made within each 
of the three groups. Protein and amino-acid studies of grounduits so far com
pleted indicate that no significant change is brought about by any of the treat
ments given, when compared wilh control conditions. 
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BREEDING FOR NUTRITIONAL IMPROVEMENT 

J.P. Meiners and S.C. Litzenherger 

Food legunes (grain leguines, pulses) were among tile earliest crops to he 
CultValted b1v man, all! have constituted for thousands ol years all important 
source of' prolein l'uf hin and his domestic animals. Today as maiy as 20 species 
01" f'ood legnUies Mre larCIlv:r ' COlIiillIL Io I greiller or lesser extent for hllillan 
inllritiOll. Of these, Som111nile species soybeans, peauats, beans, peas, hroad 
heans, lentils, chick peas. pieon pIa, and cow peas canu be considered suffi
cielitly illlporlail in hiniliian dieis i w;irrallt sthtatilial efforts oil genelic iin
provelien l, hecause tihe\ are heihlg grown ald used in variouis places as a staple
food conniodilv. lhItew nine lemlle Species ale listed ill lale I, together wilh 
cerllaitn cereal and i ltlhe; crops, fo conpirisoi oil world prodticlion figures, 
average yields, prolein COntent, illritional valle, inld other illforuiation perti.
iell to Iheir valle as providers ol prolein for hihuani n ition. As cai he readily
noted frotn the inl'foriationi in Ta5le I. the food lenunies listed are not equally 
productive Ifo protein pei hecuare, noi ai they e\,qual in quality.

Research onltile genetic itmprovenent of' good legumnes for liutlritionally Iel-. 
ted factlts is inst ill tle he gilig stage. I lowever, some resutlls of' research ill tile 
field have been publishcd and several excellent research programs are in progress. 
Ilowever. lutl programi have beel superlicial. wilh little conliunied ct;licetttra
tiotn of effl-t. Molrcovel, until veti * iecemll', ititiation of' breeding prograims has 
been lllited because of' the lack of' suitable methods for screenting ge-ill plasmn
amnd breeding mialerial for inproved nutrition fKamrm. 1971 ).T"o laie, nearly all 
of tile breeding work for nitrilional facltorsi has involved higher proleil attd 
hetler atino.:cid balance. 

Breedig for Higher Protein 

Probably the first Of' tile f'ood legumnes to be investigaited For protlei coletil 
was the soybeati, even Ihlougi it has ite highest proleiil content of' aly food 
crop. Ill I'ac[. the interest ol'soybean breeders ill proteill collill goes back tmore 
than two decades and experllellal lilies have been routinely analyzed for pro
teit as well as for oil coittent. Altholugh lhe protein content has cotitribited as 
lii.!lh as or llore lhan oil to the rapid growllof' ile soybean illdustry ill ihe 
United States, until recentuly it has beell difticult to oblain encouragenent for 
fitl) emphasis oil iticreased prolein itn soybeans. ('oseqiuenlly. research has pro
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TABLE 1 
Relative Efficiency of Selected Food Crops in Worldwide Protein Production 

zJ 

Protein 
Total Content Actual 

Crop 

Selected 
Countr% 

or 

Wo rid 
Prodnc-

lion 
Average
Yields 

Average 
Protein 
Content 

Nutri-
tional 
Value 

Nutri'l 
Coeffi-
cient 

Avg.Yield 
Protein 

Nutrition 
First Limiting 
Amino Acids 

Rcgion ('/, of egg 
i 000O NIT) (kilos/ha) ('4) protein) (G;) (kilos,'ha) 

Grain L.egumes 

(;rountidnut (in shdll) Cystine. Methionine 
India-Pakitan 4.582 640 - - 96.3 
Africa 4.219 810 - 122.0 
Mainland (hina 2.20)) 1.160 - - 174.5 
Latin America 1.246 1.150- - 173.1 
North America 1.153 1.980 - - - 297.9 
Far i st 1.287 1.0)30 - - - 155.1 

Near Fast 292 780 -. - - 117.4 

\\orld I,,tgl 15.034 s5)) 25.6 69 17.7 128.0 
14.81 

So. hean Cystine, Methionine 
North America 30.269 1.810 + - - 427.2 
Latin America 9113 Ijl5f- - - 247.8 
Mainland China 110.670) 8)04 - - 188.8 
Far Fast 1.161 74)) - - 165.2 
I"urpc 54) 93:) - - 219.5 
Africa 23 770) 171.7 
USSR 528 620 -- -- 146.3 

World roail 43.613 1.3111 38.0) 62 23.6 

43.o 



Dry Beans (Phaseolus vulgaris) 
TABLE I (Cont'd) 

Latin America 
Pakistan - India2 

Mainland China 
North America 
Africa 

4,003 
1,969 
1,390 

833 
805 

590 
259 
700 

1.530 
600 

-
23.9 

-
-
-

32 
_ 

7.6 
-

-

6i.4 
19.7 
72.8 

159.1
962.4 

Cystine, Methionine 

Europe 800 230 - 23.9 
Near East 
Far East 

Total 

195 
650 

10,708 

1,100 
840 
470 

-

-
22.1 47 

-

-_ 

10.4 

114.4 

87.4 
48.9 

71 10.6 
Dry Peas (Piutt sati'unm) 

USSR 
Mainland China 
India - Pakistan 
Europe 
Africa 
North America 
Latin America 
Near East 

Total 

4,818 
3,100 

950 
529 
352 
197 
IOl 

7 
10.115 

1.540 
910 
920 

1,170 
730 

1,630 
690 

1,750 
1.150 

-
-
-
-
-
-
-
-

22.5 

_ 
_ 

_ 

_ 
50 

-
-
-

-

-
-
-

-
1.3 

174.0 
102.8 
104.0 
132.2 
82.5 

184.2 
78.0 

197.8 
130.0 

Cystine, Methionine 

% 
Chick Peas (Citer arictntum) 

10.0 

India - Pakistan 
Africa 
Europe 
Near East 
Latin America 
Far East 

Total 

6,50o 
316 
215 
206 
150 
58 

7.445 

689 
630 
590 
910 
720 
580 
690 

-
-
-
-
-
-

20.1 

_ 
_ 
_ 
_ 
_ 

53 

-

-

-

-

-

-_ 
10.7 

73.7 
67.4 
63.1 
97.4 
77.0 
62.1 
73.8 

Cystine, Methionine 

7.3 



TABLE I (Cont'd) 
Broad Beans t 'iciafaha) 

Mainland China 3.000 980 95.0 
Cvstine. %lethionine 

Europe 
Africa 

767 
341 

1.130 
830 

-
-

-
-

-
-

108.5 
79.7 

Near East 328 1.500 - - 144.o 

Latig America 
Far East 

189 
II 

590 
1.220 

-
-

-
- -

56.6 
117.1 

Total 4,636 990 23.4 41 9.6 95.0 

4.6 

Pigeon Peas (Cajainu 
India - Pakistan 

(ajan) 
1,745 653 - - - 53.5 

Methionine. Cystine 

Afri w 38 380 - - - 31.2 

Latin America 31 700 - - - 57.4 

Far Iast 1 15 188 - - - 15.4 

Total 1,829 630 20.9 39 8.2 51.7 
1.8 

('ow Pea, (I'igna ,inensis]) 
Africa 1,004 370 - - - 49.2 

Methionine. Cystine 

Far East 26 62) - - - 82.6 

North America 25 630 - - - 83.8 

Near East 16 1.230 - - 163.6 

Europe 
Oceania 

9 
3 

820 
530 

-

-
-
-

-
-

109.1 
70.5 

Total 1.083 390 23.4 57 13.3 51.9 

% 1.1 
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TABLE I (Cont'd) 
Lentils (Lens culinaris) 

Mlthonine. CystineIndia - Pakistan 458 51i -Near East - 50.5223 770 - _ -Africa 76.2128 590 - -Europe 58.460 670  - 66.3North America 31 1.240 -Latin America - 122.822 591) -USSR - 58.474 1,320  _ - 130.7Total 996 620 24.2 41 9.9 61.4 
1.1
 

World Total I 0! .347
 
';I 1)0.1)
 

Cereal Grains
\Mleat 332,501 1.46o 12.2Rice (Paddy) 284.200 68 8.3 121.2 Lvsine2.150 7.5 
Maize 251.1)0 

76 5.7 122.6 L'ysine2.37o 9.5 55 5.2 123.2Sorghum and Millet L. sine. [ryptoplhan85.100 770 1().13 413 4.1Barley 31.6 Lysine130.700 1.740 11.0 78Oats 8.6 149.6 Lysine54,2110 1.680) 13.0) 79Sunflower 10.3 173.0 Lysine9.944 1.271o 12.6 93 11.7 148.6 Lysine
 
Root-Tubers
Potatoes 315,50} 13.811) 2.1

SwCel Potatoes (Yarns) 
53 1.l 151.8 ('vstine. Met hionine134,411) 8.4))) 1.34 824 ,asava 85,625 8.7110 

1.14 92.44 ('stine. Methionine
1.6 85 1.4 121.8 ('.,ine, MethioninePlantain 12,724 15,1)00 1.1 71 0).8 120.0 C%",tine, Methionine 

Includes Iidia alnd takistan 
2 'rimarilv rrrurtrg hcaiArrat.es are for ,.rrrghurrr; frr pearl millet r spectise aiue would )e 
 9..7 and W';with a protein critent coefficient of 6.5";.
4Analyses are for sweet potato: for )am respecti'e values would lie 2.4 and 75'; with a proteinSource,%: crrrrterrt coetficient of t.S%.19o') Production Yearbok. \l. 23. \U). and t1970) -\inn Acid Cotenit 01f Fo os ald tiological Ilata on Protein. No. 24. lAO. 

http:Arrat.es
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gressed slowly in improving soybean protein content. 
In soybeans, the problem of negative correlation of protein content and yield 

lia" long plagued cereal breeders. In addition, there is a negative correlation 

between oil and protein content (lHartwig, 1969). Recently, breeders have suc

ceeded in selecting against these negative associations, and two varieties - Pro

iana and Bonus, witlh approximately 43 per cellt protein - have been released. 

('ompared to this is the world-wide average protein content of soybeans, with 

approximalely 38 per cCltl. Lines of soybeans with 46 to 48 per cent exist, but 

hoth yield and oil content are reduced (Hartwig, 1960). Ilartwig feels that 

cnltivars with It to 15 per cent higher protein are a distinct possibility (ibid). 

Breeding for higher protein in other food legumes has not advanced tiuch 

beyond tire stage of screening to determine how much variability exists. Consi

derable variability has been reported, but extremes may be due to adverse envi

ronieilial conditions and thus may be meaningless iii terms of genetic improve

ment. The scleening by several workers of collections of germ plasm of beans has 

indicated tha:t signilicant variability in protein content may be tile result of 

either environment or genetic faictors. 
Rulger ( 171 ) screened 343 bean lines and found that protein varied fromI19 

to 31 per cent. with a mean of 24.6 per cent. Protein content was positively 

correlated with late mattrity and negatively correlated with seed weight. Yield 

and protein content were not significantly correlated, indicating the possibility 
of breeding high-vielding, high-protein beau culivars. )r. Rutger found signifi

cant variation in protein content as a restll of location and year, indicating the 

necessity of glowing the seed of the lines in a single location and year to 

decrease variahility in enivironmenal effects. 
Silbernagel ( P171) sciecned large numbers of lines introduced from maiiy 

countries. mrid identified selections from these lines ranging from 1 to 33 per 

celti proteill. Iie also fund that protein percentage is influenced by environ

, ental fiaclors, with considerable varilion between locatiolS ill one crop and 

betweceni Crop years. Moreover, seed quallity was found to be nlegatively correla

ted With prolein percentage. IHowever, soiie lines are consistently high in pro

tein, and crosses have been made between high- and low-protein lines to study 

the inheritance of protein content. l)r. Silberiagel has several lines in the F3 

generation. but has lost his fIunding for this bean improvement work and has not 

been able to pursue it further. 
I the case Of niung beans, the research just started at the Missouri Agricultur

al Experinent Station tuder an All) contract is of importance (Yohe, et al., 
1971: I)72). Protein analysis of 313 strains in 1970 and 126 strains in 1971, 

most of which were USI)A plant introductions from many countries, indicated a 

ralnge iln protein of fromIN.1 to 28.3 per ceti, with a nean of 24 per cent in 

1970, and a range of 22.1 to 31.2 per cent with a mean of 26.5 per cent in 1971. 

Although a statistical analysis was not performed, none of the 10 highest protein 

strains was among tire 32 highest-yielding strains in 1971, although the latter 

ranged from 19. I to 27.4 per celi protein. As in the case of beans, yield, seed 

weight, and protein content appeared to be negatively correlated. 
Recently. several workers in Ilungary have pubislied results of research on 
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breeding peas (Pisum sativum) for increased protein content. Kurnik, et al.
(1970) concluded that pea varieties commonly cultivated are heterozygous for 
protein content, which can be raised 2 to 3 pei cent merely by selection. Furedi 
(1970) crossed varieties of peas differing in protein content and morphobiologi.
cal chiiracters. He obtained significantly lower percentage of protein in the FI 
with a return in the F2 and toF3 protein levels comparable to Ihose of the 
parents. In general, protein content of the progeny was intermediate between
the two parents and was inherited quantitatively. U.ini, irradiation and chemical 
mulagens, Dudits (1970) obtained a mutant with 27.1 per cent protein, which 
was 4.6 per cent higher than the original variety, but yielded 16 per cent less.
One mutant, however, was higher inboth protein content and yield.

Working with a number of food legumes in India, Krober, et al. (1970), ot the 
AID/USDA-sponsored Regional Pulse Improvement Project, reported signtificant
varietal differences ill five of seven crops chick pea, pigeon pea, mung bean, 
pea, and cow pea. Urd bean and lentil varieties were not significantly different inprotein content. The investigators reported significant ditferences caused by 
location in all of the crops.

This sample of work oil total protein content indicates that the level canl be 
improved by breeding and selection of most crops. Ilowever, it is necessary to 
control variation carefully because of environmental conditions and to screen 
germ-plasm collections systematically inl order to locate high-protein lines. 

Breeding for Amino-Acid Balance 

In breeding food legumes for improved protein quality or better amino-acid 
balance, research has progressed only to the point of examining the range of 
variability and determining if'the level of amino-acid content isgenetically con
trolled. 

Again, the early work in this area involved qoybeans. Ili the I 950s, Krober 
(1956) tound substantial variation in methionine content in 14 soybean varieties 
tested and concluded that itwas possible to breed soybean varieties high in 
methionine. However, as far as is known, breeders have not followed up on this 
lead. One reason may be the limited range of metliionine content in lines exa
mined thus far (Bernard and Cremeiens, 1969). Another reason may be lack of a 
suitable method for screening large populations of breeding material for me
thionine content. Illflacl,Ihe lack of such methods tndoubtedly has discouraged
breeding for higher methionine and cystine conicl illall of the food legumes, as 
well as in other crops (Kamra, 1961 ).

By modifying a microbiological assay for methionine, Kelly and coworkers 
1971) itthe Campbell Institute tor Agricultural Research overcame the lack of 

a suitable method for screening breeding material, and have made considerable 
progress in initiating a breeding program in beans for methionine content. Usingthe microbiological assay method, Kelly (I 71) has screened 3,600 bean cult
vars, lities, and single-plant selections and has found that the level of iethioline 
is determined genetically and that sufficient variation exists to permit improve
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ment through hybridization and selection. Kelly feels that, through breeding and 

selection, strauins of beans with a content of critical amino acids twice that of" 

varieties ilow being grown call be at tained. This would bring the amino acids in 

bean protein close to that of egg protein. 
Of critical concern is to know the genmtic relationship between methionine 

content in the bean liles and their yielding ability, as, ill the fiial analysis. yield 

remains most critical il ile development of improved strains of any one crop. 

Other rescirch projects on improving tile amino-acid content of beans are 

under way - notably those of Dr. Wood and coworkers at Colorado State 

University ( 1909) and I)r. Ronald EIchandi of the University of Costa Rica. who 

is utilizing a ,nlodification of l)r. Kelly's microbiological method as an assay 

procedure. 
More must be known about the variation in mnethiolinC coIntent of other food 

legumes and teil nature of its heritability. The work with mung beans at the 

Missouri Agricullural Experiment Station, as mentioned above (Yohe. et al., 

1971 ), indicates that, ini 313 strains studied, nlethionine content ranged from 

0.55 per cent to 1.78 pir cent of protein, with a meain of' 1.20 per cent. 

UnftortUmately, the strains high in mtlthionine have tended to be low ill protein. 

Recently, a po*ecl iut India at Punjab Agricullural University. financed 

through IL 480 fItuds of tie USI)A, has been activated to deterllinl genetic 

variatioll of protein adt atnitto-acid content ill several of lie good legumes. 

Ano lher )roljct has heen p op sed at anolter Indian university, and represents a 

small alditiolll eTffort Oil a1large pobletl. 

Breeding for Other Nutritionally Related Characters 

Altliugh there is considetble interest in tile breeding of' food legumes for 

lower levels of f;lus-producing factors, toxins, trypsin inhibitors, and other 

anlimetabolites, progress ill this area also has been hampered by the lack of 

lechniques. An exception to this is tie work at tie Indian Agricultural Research 

Instituite (IARI) on breeding for lower net rotoxin in khesari (Lath"rnissativius) 
(Swautminatham, 19-9). MlutanlIs obtained with iriFadiation anld chemicals (EMS) 

appear to breed tirue for low neuroloxin and to be controlled by several genes. 

This work is conlinning to be supported by lie USDA under a IPL 480 granli to 

IARI. Gert-plasin collections of khesari are being screened to determine tile 

extent of natural variatioi of' tihe toxin. 
Other toxins of' illportance in food leguntes inichide Ihat causing f'avisnt in 

broad beans. I lowever, except for that of' te lalthyrism-producing Ioxin, no pub

lished resultls have been encountered oil breeding to lower cither toxins or flatt

leice ill food legumes. We uldersland that breeding programs on flatulence are 
being iniliated in beanls at Michigan State University and in soyb,-ans at tie 
University of Illinois. 

The ultimate proof of improved nutritional quality of a commodity is im

proved growdli of (level opmenIttof' Itleltima or other an imiinal that consumes it. 

Although chemical or microbiological tests are used to indicate quantity or 
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quality, laboratory animals also must be used finally as indicators of' nutritional 
improvement resulting from a plant breeding program. We have failed to find ill
the literature a record of' any breeding program, or of' any screening tf"gel-in
plasm, to cnhance the nutrilional value of' food legumes that has utiiied labora
tory animals oi huimans to measure the biological value of' both parent material 
and its progeny. Once breeding programs have reached tile stage at which thecre is 
some stabilization in populations superior ill niitrient value, as measured hv 
protein content, anino-acid balance, or oilier characteristics, they IuLst beassayed with test animals or humains, as currently is being done ill improving 
protein Content alld quality ill cereals. 

Sources of Variabilit.y in Food Legumes 

Throughout this paper, we have emphasized the necessity of locating genetic
variability for a given altribute as tile first step in the breeding program. Let is 
examine. therefore. fhe current status of' geri-pl:uan collections of the food 
legumes. 

flere are numerou: collections of seeds of' food legumes. These may he large
or small and broad or narrow in -eographical base. Large collections ol'species 
grown commercially ill tile United States exist at the Regional Plaint introduc. 
tion centers of tile 1U.S. Department of Agricullmc or elsewhere. These include
8,000 accessions of' beans. 4,000 of' peas, 4.500 of peantimis, 4. 600 of'stybeans, 
and 000 of cow peas. 

Of tile food leguiiies iiot grown to any appreciable extent in the U.S., themost coinpiehensive coilections ale those assemblcd and distributed by the
USDA/All) Regional llPtsc Improvement Project (UiS)A, 19 0.1970). )iiring its 
brief' existence ill India aind Iran, some 20,000 collections of' pulses were assem. 
bled. Some 15,000 of1these iiw1, are part of tile Plant lntro luction gcrll.-plasll
collections of the Agricullral Research Service. U.S. l)eparmeit tol'Agriculture.
These collections include the following crops and number ol'accessions: ('aants

cajan (pigeon pea) 
 4,000: Pist satirum (English peal 400: (icr art/cinutu

(chick pea) 4,000: hItaso'phis rukaris(comlillol 
 bean) 1.500: I 'na shucusis (cow
pea) 1,200: Lc's cu//naris (lemil) 2.100: Phascohs atureus (rning beau): and P.


mllttio (t rd beani) 2,000.
 
Unliirunately, at the present little tile USDA 
 does not have adequate f'unds
 

to provide f'or 
a Con tini.ing program of seed colleclioll, increase, cataloguing,
classificalion, etc.. 'or these large collections. Some Most wvelcone helli of' a
tellporalry lato re has been supplied by The Rockeeller Foundation. All), amid
the FAO, but :1iore adequale, log-rantge, ftuding program to ma1iinlain these as 
working collections should le provided.

Considering tile gerii plasmu of I'ood legumes available in the world. tile pre
sent collections are imtlotelly incomlplete (C(meech and Reilz, 1971 ). Viih the 
advent of' inproved varieties o( I'fod legumes. many of the natural cuhtivars may
disappear. with the resultant loss of'desirable characterislics. Every effort should 
be Illade ill ile near filure to enlarge these collections, particularly f'romn geo. 
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graphical centers of origin. These collections also should include wild relatives of 

the crop species. 
A second source of genetic variability is that of induced mutations. However, 

it should be resorted to only when natural variability does not exist. More than 

so the need for working99 per cent of mutations are economically undesirable, 
towith extremely large populations is a serious limitation mutation breeding 

(PSAC. 1967). 
is important to combine nutrient quality with other desirable, geneticallyIt 

of male sterility for composite crosses and,
controlled characteristics, so the use 

where male sterility is not available, the use of gametocides should be consi

dered. 

Discussion 

on more landPrograms to increase supplies of food legumes cannot depend 

being devoted to their cultivation, but rat'Ler on achieving higher yields per area 

Without increased yields and/or comparative favorable prices, le
cultivated. 

cannot compete widi other less nutritious, but more profitable, crops.
gumes 

first priority in a breeding program is increased yield. Along with, and
Thus. the 
a part of. increased yield is improved adaptation. resistance to diseases and 

and other environmental hazards, plus responsiveness to fertilizer and
insects, 

input factors. Ample evidence from developed countries and
other management 
limited evidence from developing countries indicates that breeding for improved 

to diseases is likely to result in substantial increase in
grain yield and resistance 
tie supply of t'(.d legumes. 

Coincidental with the effort to increase yield by breeding, but secondary to 

it, must be the effort to improve the quality of food legumes through breeding 

of amino acids, and lower toxins. flatus fac
tor higher protein, better balance 

tors, and antimetabolites. Limited experience in developed and developing coun

tries on a few of tihe crops indicates that some improvement is possible. 

exploiting genetic variability not now
Because the breeding etTort is one o 

it is highly important that tile collections of germ plasm are
generally identified, 
as complete as possible. Although present collections are only now beginning to 

to secure the full
be evaltuatCd, high priority should be givea to plant exploration 

range of genetic variability. In addition, efforts should continue to exploit varia

bility obtained through induced genetic mutations and to make use of tile latest 

techniques to combine desirable characters. 
integral of theAn ecologically appropriate environment must be an part 

improvement programi for each species. Malnutrition is primarily a problem of 

tile tropics, so most improvement programs will have to be located in those 

the 1.S. point of view. possibly Puerto Rico is the bestenvironments. From 
to the more humid tropics.location for screening species ad,,?pted 

Finally. as with all crops, it is essential that breeding programs keep the 

genetic base as broad as possible. To do otherwise is to invite catastrophe. 
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ON THE QUEST FOR QUALITY 
IN THE FIELD BEAN 

M.W.Adams 

From ihe standpoint of human needs, the most urgent problems in dry heans
resolve to the necessity of1uarkedly improving their yielding ability across Iroad 
geographic regions and inproving the biological "jute of their seed proteins.

Beans have to b),made to yield well. else oilier c:ops vill be grown in their 
place. We have to develop types possessing zzmoal adaptation, hecause to pitt lhequality facltlors we desire into tilehundieds of locally adapted varieties ol Cetitral
and South America would be a Ilerculean task Jld a sheer Waste of teclntical 
resoirces. 

Wilh respect to quality, we now acknowledge such desiderat: as tilereduction
of toxic substances. elimination of tIalttiS, ease of cooking, flavor, letetition of 
wholeness and firlness when processed. and ainito-acid balance illthe storage
 
proteins of"tile
seeds. 

The comments that I'ollow will be directed to Ihis last aspect of'quality, with
 
particular regard to breeditig for bodlh (ualily anod yield.


The breeding strategy which I think should he adopted to achieve both yield
 
and quality can be stated in tlhee short senlcnces: 

1.Relax seleclion for high prolein per se. 
2.Aim for 20-22 per cent protein. 
3. In this range of' protein, concentrate on selection Ior yield and for ihe
 
sulfur-atinio acids.
 

Ill 
 the remainder of, this discussion, I \Vill offer a iationale in support of this
 
strategy.


Of' first importance is the report by Leleji, 
 et al. ( 1)72) of negative correla
!iolis ill F,- and F3.-generalion 
 plants between yield and percentage of* crude 

=
prolein (r -.45). Rutger (I )70) had previously found negative, bit nonsigniificant, correlations between yield and protein illbeans. The highest iotl protein 
per platl \was ploduced by plants that were average or below illpercentage of'crude protein. (Seed vield and protein yield were correlated with a r value of+.96). Lele.ji. e al., speculate inadeqiate sink size in tilehat :ill lower-yielding 
plants becomes owverloaded with prolein as comipared to carbohydrate, giving ahigh protein percentage and geierating the negative correlation. 

The negative relationship of yiel aid protiin becomes even more significant
when viewed against a second negative associalion, Ihat of percentage of' crude 
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protein with grams of sulfur-containing amino caids per 100 grams of protein 
(Figure I ). The higher the protein, the lower the cystine and methionine. The 
highest levels of cystine and methionine occur in beans at about 20 to 22 per 
cent oF protein. 

The best quality (most cystine) lines on t of some 200 plant introduction lines 
boassayed at Michigan State University by R. J. Evans and Doris Bauer had I 
gram of cystine per 100 grais protein at a protein level ranging from 19.6 to 
20.6 per cent. In contrast, le highest percent protein line at 30 per cent had a 
cystine level of .0 grams. One hundred grams of the best quality bean would be 
equal to1 10 granis of ihe highest protein bean. This relationship between 
cystine-niethionine and percent protein also was found in 49 strains indigenous 
to Central America, seed of which was provided by IICA at Turrialba, Costa 
Rica, and in eight standard types from the United States. In the latter set, the 
correlation between cystine and inethionine was positive and significant at r = 
+.83 (Figure 2). 

What is suggested by the negative relationship of' protein to cystine and 
methionine is that tie addi:ional protein stored, above about 21 per cent, isof a 
progressively lower quality with respect to sulfur-amino acids. The plant breeder 
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Figure 1. Relationship trends of cystine and niethionine with crude protein in 198 plant 
introduc~tion lines ofl'haseohisrulgaris. D~ata points are shown only fo~r cyslinic values be
low the._22%" protein level and above the 26%c protein level. The dotted lines in each case 
connect the means of the two sw\arlniSindicated by open circles. Not shown are the cys
line values of lines which fell in the 22(;-26%o range. For inethionine. no individual values 
are shown, only mnean values of the lower, middle, anrd upper swarms of points. 
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rCYSTINE-NITROGEN 73*
 

rMETHIONINE-NITROGEN 

- -

r(CYSTINE + METHIONINE) - NITROGEN - 8**
 

rCYSTINE-METHIONINE 
 = + ,83** 

Figure 2. Simple correlations of sulfur-amino acids with nitrogen from analyses of eight
commercial bean types of the United States. 

CYSTIE SF PERCENT PROTEIN
 

LOWEST 12% 24.78
 

HIGHEST 12% 22.09
 

METHIONINE SLECTIoQa
 

LOWEST 12% 25.13
 

HIGHEST 12% 21.56
 

Figure 3. Percent protein (N x 6.25) in lines selected for cystine and melhionine by 
truncation from lowest 12% and highest 12% of apopulation of 198 P1 entires. 
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might advisedly select in populations of 20 to 22 per cent protein for high 
sulfur-amino acids, as well as high grain yield, which should be easier of attain
nent, in view of the relationship of yield to low protein (Figure 3). 

hFile 198 lines of dry beans for total cystine and methioninedistributions of 
(as measured by bacterial bioassay) is presented in Figure 4. Of these, 49 aver
age( .70 gins cystinel00 gins protein at an average percentage protein of 20.8. 
At this level, and with no further addition of a cystine-containing protein as the 
protein percentage rises to 27 per ccnt, the expected concentration of cystine 
would be .54 gms/ 100 gins protein. Actually, in the 33 lines averaging just over 
27 per cent protein, the cystine concentration was found to be .59 gis/ 100 gis 
protein. It is inferred that the additional protein stored above the 21 per cent 
level is a very low cystine-containing protein. To a large extent, this seems to be 
true also for methionine. If so, the additional protein is depressing tle biological 
value, and because it costs the plant more energy to produce tile "empty pro
tein" than carbohydrate, it is also depressant to yield. 

So, on this preliminary evidence, the optimal breeder strategy for achieving 
both quality and yield in beas is to work with populations at about 20 to 22 
per cent prttein. putting togelher genes for greater sink capacity with the factors 
for quality. 

The Gene Basis For Cystine-Methionine in Beans 

What is known on this subject, of value to the breeder, is scanty indeed. Leleji 
1971). on the basis of data frout one cross, very tentatively suggested partial 
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Figure 4. Distribution for cystine aind methionine in 198 plant introduction lines of 
I'haseohs i'dgaris. (Daw of Evauns and IBaucr. Mich. State Univ.. 1971) 
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dominance of genes for low available methionine over genes for high. lie also 
demonstrated joint determination of methionine levels by the maternal genotype 
and by the genotype of the seed in which the amino acid was measured. 

At this preliminary stage of genetic analysis, I think breeders might be more 
interested in the evidence, if any, relating to whether variation in levels of 
methionine-cyst ine is due to genes controlling the synthesis of these amino-acids 
per se, or depends more upon regulator genes that control the ratios ot various 
storage proteins in the seed, some containing greater anounts of the sulfur
amino acids than others. 

Conclusive evidence on this point is not available for beans at tIis writing, 
although Wood, et al.( 1969) have indicated they expect to obtain such evidence 
soon. Boulter (1972) has already shown cystine-methionine difTerences in two 
major storage proteins of' Vicia]'af , which presumably implies differential gen. 
etic regulation asa means of increasing or decreasing the cystine-lue hionine level. 
Boulter has also produced evidence that the limitation on methionine in I'. faba 
seed protein is not caused by a failure of synthesis of methionine, and hence its 
unavailability Irr incorporation inlto protein, by showing that exogenous supple. 
mentary melhionine supplied to an in vitro protein-synthesizing system caused 
no change in the proportion of niethioniie ill proteins formed in the system.tile 


This strongly inclines one to the view that, in order to effect a cliange of 
tie1t hion iuC level in the whole seed, the breeder nmu1st shift the ratio of high 
metlhionine-containing proteins to low methionine-cotiaining proteins. 

Csonka and Jones noted in 1933 that phaseolin, the chief protein of soybeans 
and other legume seeds, was deficient in cystine. They also asserted at differ
ences in nutritional value among varieties was explainable on the basis of the 
various seed proteins and their proportions. 

Earlier, Waternman, et al. (1923) had identified two globulin proteins - alpha 
and beta - navy bean.in tile Nutritionally, the alpha-globulin was most impor
tant, as ;t was richer in lysine and the sulffur-anino acids. In 1938, Jones, et al., 
stated that alpha-globulin was seven to eight tinies richer illcystlme than beta
globulin. Evans and Bandemer (1966) tound that the alpha-globulili of navy 
beans was richer than the beta in cystine, methionine, and tryptophan. Wood, et 
al., in 1969 proposed that varieties high in niethionine could be developed by 
combining into asingle genotype the regulator genes that control the presence of 
specific proteins already high in methionine. 

Kelly (1971), perf'orming methionine bioassay on a extensive array of for
eign plant introductions and domestic bean varieties, produced compelling evi
dence for genetic diffciences between lines. Using the navy bean variety Sanilac 
as a standard and giving it a relative value of 100 for methionine level (I mg 
available nethionine per gram protein), Kelly found some lines showing values ill 
excess of 200 per cent. There is no direct evidence in Kelly's data on the genetic 
control of metlionine level in beans. IHowever, lie identified seven classes or 
levels ranging from a low of 30 per cent of standard Sanilac to 200 per cent and 
above, each class differing by some 25 to 40 percentage points frol the next 
lower one. Since lie found an L.S.D. at the I per cent level of significance of 30 
percentage points, each class probably indicates a true genetic step-differential. 
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If this is so, then varying levels of methionine must depend upon something 

more complex than a single regulator gene witching synthesis from a 

methionine-rich protein to a methionine-poor protein. 

If one postulates three proteins in beans differing in methionine content, each 

protein at one of two levels, eight combinations are possible. For illustrative 

we have arranged the ',ollowing comparison, relating the three-proteinpurposes, 

scheme to the seven methionine classes of Kelly:
 

Protein - -> "A" "1 "C" Level Level Kelly's 

Methionine level - 3X 2X IX of of methionine 

N-level - I X I X I X N inethionine classes 

Combination I I I 3X 6X 30 and lower 

or 1 1 2 4X 7X 30-54 

level of each 1 2 1 4X 8X 55-79 

factor 2 1 1 4X 9X 80-119 
1 2 -2 5X 9X 
2 1 2 SX lox 120-149 

2 2 1 5X lix 150-200 

2 2 2 6X 12X 200 and higher 

In this scheme, combinations 4 and 5 give die 	 same intermediate level of 
from 8 to 7, in fortuitousmethionine, which reduces the number of classes 

harmony with the seven classes identified by Kelly. This array also gives a 

positive correlation between available methionine and percent nitrogen, which is 

consistent with the association found by Kelly (r = 0.73). 
such that a negative associationCan a regulator-gene model be postulated 

percent protein? An affirmative anwould appear for cystine-methionine versus 

swer can be given, provided two conditions prevail: 

if, of two proteins, one has substantially more sulfur-amino acids than the 

other; and 

if, for each unit increase in the first protein, there is a greater-than-unit 

the second protein. These conditions are not unreasonable ofdecrease in 
ful fillmen. 

Thus, the evidence and arguments adduced up to this time clearly favor the 

view that graded levels of methionine-cystine do occur and can be explained by 

regulator-gene differences affecting the balance of various storage proteins in the 

seeds. 

Conclusions 

The correlations between yield and protein, although tentative, favor the view 
levels of protein.that higher-yielding genotypes will be associated with lower 

data to indicate that the cystine-methionine content ofAdditionally, there are 
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bean protein is improved at tie lower levels of protein. An obvious course of
action for the bean breeder, therefore, is to (I) relax selection for high levels of 
protein; (2) build populations centering on 20 to 22 per cent protein- and (3) 
carry out yield and quality selections at this intermediate level.
 

The expectation 
 is that higher levels of yield and quality could be achieved 
with less difficulty than by any alternative strategy. 
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COW PEAS IN NIGERIA 

F. A. Bliss 

Cow Pea as a Source of Protein 
most extensive productionThe of cowipea, I'iina sincnsis L.. is in WestAfrica. In Nigeria, it is tie principle source o1" dielary protlein (OyCennga. 1Q67).The dried seeds are prepared in a variety of l

combination 
wavs and catell eiher singularly of infoods. Mostwith olher hi~hlv.regarded clli'ivars grown in Nigeriahave large seeds with a riogh testa that is either vhile or brown. These Irails areoften associated wilh a shrt soaking lime 'or hesta remrial and desirable cooking traits and fhey are rieccssary or rapid, wide Jccepthurrce ol m'esculi iars.Yields arc gneally low because 1hre r1 1"ew improved crlli'ari,growing plants are arid tIeotlten sverely atatcked bn Ilnmerouls diseases amd irtseci's.[here is. however. considerable potlential for grcater production. The cme- 'vavailable criltivars have beeon shown to respond t( added terltili/els, palticiulallYplosphorus, anltirel 1apl)licrlilfl" I' reCOMIleildedyields cotlsiderably Pelticiidcs OfellimcreaseIdlv' Illtirig .eni[a. glltlvpe that sihow littleor I respollse today-length aid have a deterriniate. illiiig rowth hrabi irl hiborne high oft the Ich tire pods aregiound aie av'ailable il gerir-plasin coll'crioris. ('olrliillirgthese traits with locallv acceptablc. hith-qualitv seed typcs will conli ible great.ly by all wiiug plun tohie r oii dii(IL' and tiovidiii hroader 0igesadaptabilily, ease of ciillivatini,ali ria'ejlell, 

of 
e tard harvest. Soie piogiess hasbeerl riade ill iderilif'irrg did iricor polatiilg biological resislance to cerllaill viruses (Bliss and Robeilsor. 1)71 ) aCol ciislderable valiabilil ' exists Ir resistalice or toleraltce to so1rme otier irtrptmillt dis.cases (Oiiesiriran alld Barker.
 

1)71 ).
 

Protein and Ainino-Acid Compositioln 

The Inaltire seeds O'cow pea have been reported it) cotain appioxiniately 24per cent protein (Amirshahi aid iTavakoli. 1)7() and 1.0 g mei orlihleil 1)0 gproitefi ( varns aid BHaldenier. 11)(,7). Metlririie is usuially considered to be tlieprimary Jhniliiig aioim acid. bint isleiiici ald tivPtlophaii have also beei fonrldto ble low ( [:ValS aind Bari11deLrIer. 1 (7). The s ithesisl 'l torhge pilleii appearsto progress rapidly ill tlre cotyledois aisIre seeds develop.,\ glhloblin I'laclinll ispredoianairt and ail alhilriin t'ractlioi coiprises a sinallerr pollionseeds. .Stolage.pliteill Comriponrenrts hr:uve beel sepaialed unif 
iii Ir ieralire 

acr.ylllnuide gels where 
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qtalitative differences in banding patterns have been 	observed (T. C. Hall and F. 

A. Bliss, unpublished data). 
Field.grown seeds of the cultivars and breeding lines that were used at the 

outset otf the breeding program at the University of Ie, lie-Ife, Nigeria, were 

analyzed for seed protein using the Kjcldahl procedure. A Beckman automatic 

anino-acid 	analyzer was used. Fifty-gram samples ol each lot were ground in a 
500 C for three cays. Onelaboratory Wiley mill and dried under vacuum at 

hundred ing aliquots were hydrolyzed with 50 ml of 6N hydrochloric acid. The 
flushed with nitrogen arid evacuated before hydrolysis athydrolysis flasks were 

I 0'°C for 22 hours. After hydrolysis, the hydrochloric acid was removed by 

vacuum distillation, the residue dissolved in pli 2, O.2N citrate buffer, filtered 

and made to 25 cc volume. One ml of the resulting solution was placed on the 

analyzer colhI1us an d analyzed for basic, neutral, and acidic armi no acids. The 

plant materials were chosen wilhout prior knowledge of protein quantity and 

quality and represent a wide range of seed types, maturity, day-length response, 

plant types, and adaptability to several different environments. Most were used 

because of such desirable traits as disease resistance, plant type, seed quality, and 

local adaptability. They appear to give a good estimate of the ranges of values 

expect from a nearly random sample of cul livars (Table I). Analyses ofone can 
other accessions have shown several to be both higher and lower in their protein 

and methionine content. 

Variability Among Existing Strains 

The phenotypic expression of seed protein and ainino-acid content of beans 

have been found to vary depending on the genotype and several environmental 

factors (Tandon, et al., 1957; Rutger, 1970; Leleji, 1971 ). Few estimates of 

heritability of protein quantity and quality traits in pulses have been reported, 

particularly for cow pea. We were interested in identifying promising parental 

lines in the material available and in determining the extent to which genetic and 

nongenetic factors may influence protein synthesis and storage. We also wished 

to determine whether the analyses made on seeds produced in the biotron and 
greenhouse in Madison, Wisconsin, would characterize adequately the sailie geno

types when grown in the field in Nigeria. Data were also collected on seed yield 

an( yield components of the cultivars studied. 
The grain yield/plant, per cent protein (Kjeldalil N) and available methionine, 

estimated using the procedure of Kelly, ei al. ( 1970), of eleven cultivars grown 

at three locations during long (13-hr) a d short (I I-I hr) days are presented in 

Table II. The significance of location, day-length. 	genotype, and the various 
interactions as naeasured by appropriate F tests are presented in Table Ill. Day

length had little effect, except that two cultivars were day-length sensitive and 

flowered only during short days. Genotype was important in determining differ-

Cnces in per cent protein and methionine content, but genotype x location 

interactions were also significant, indicating that caution must be used in select. 

ing for these traits under nonfield conditions. Tihe 	 primary use of the biotron 

and greenhouse should be in the early siages of a progran when genotypes 



TABLE IPercent Protein and Amino-Acid Content of Dried Seeds of Cow-Pea Cultivars Grown at Ile-Ife, Nigeria
 
(aa content in a aa/g protein)
 

Cultivar 
 Protein Lys His Arg Met Gly Ala Val Leu lie Ser Thr Phe Pro Tyr Asp Giu 

Westbred 28.2 5.91 2.97 6.27 2.07 5.42 Duplicate Determinations
Westbred 5.99 6.73 9.56 5.3227.6 5.86 2.93 7.61 1.11 5.37 6.12 6.43 

7.05 5.10 7.47 5.07 4.60 12.76 24.60Oyo Brown 26.5 6.00 9.17 5.16 6.00 3.57 7.88 6.392.92 6.38 2.31 5.66 7.09 4.21 10.68 22.36Oyo Brown 27.3 7.47 10.83 6.04 7.77 4.995.01 2.19 4.89 9.12 9.25 4.671.85 4.68 5.91 16.67 25.975.92 8.95Oyo White 27.7 4.58 6.49 4.72 6.83 7.175.24 2.34 5.48 2.20 5.45 7.00 6.84 4.38 14.61 22.52Oyo White 10.15 5.30 6.8228.1 5.26 2.42 5.28 1.91 4.24 8.68 5.81 4.68 14.69 22.30Blue eye 25.7 5.30 2.66 
5.52 6.31 7.13 9.68 5.02 7.19 5.15 7.73 6.29 4.40Blueeye 5.81 .79 5.39 6.02 6.39 9.79 5.20 15.99 26.61

25.5 5.46 7.32 4.82 8.392.50 5.43 1.78 5.57 6.33 9.91 9.91 5.28 6.91 4.95 
6.99 3.36 16.85 24.57

8.00 5.27 4.21 16.72 25.33 

Lagrcen 28.3 5.37 2.55 6.16 Single Determinations2.10 5.90 7.06 8.10Topset 10.36 5.88 5.6230.2 5.57 2.76 3.26 8.17 7.096.73 1.85 5.26 5.87 7.26 2.78 15.78 23.96Bechuana 9.59 5.43 5.0427.4 5.00 4.87 6.40 4.912.40 4.57 1.62 6.27 6.50 3.98 16.32 25.9811-V-5-6 7.99 10.07 6.25 7.60 6.41 8.82 5.8427.1 4.44 2.05 4.10 1.61 5.57 5.36 5.17 17.33 28.00DixieleeSel. 6.18 8.85 4.7922.9 5.52 2.75 5.90 1.65 6.94 5.18 5.75 5.03 3.34 15.715.27 6.53 7.04 26.37New Era 9.95 5.73 5.9626.6 5.78 2.87 3.78 8.53 5.55Akure Loc. Brown 27.1 5.07 
5.76 2.07 6.06 6.36 7.71 10.12 5.62 7.12 5.28 7.63 

4.44 13.38 20.94 
2.55 5.17 1.66 5.41 6.19 7.31 6.34 4.79 15.76 26.51Climax 29.1 10.04 5.64 4.10 4.79 7.90 5.10 4.234.08 2.41 4.73 2.10 5.27 14.36 25.74Producer 5.77 6.91 9.30 5.25 5.6929.1 5.12 2.62 4.31 7.31 4.455.99 1.45 5.27 6.03 4.20 13.38 21.43Miss. Silver 23.9 6.43 9.51 5.15 6.78 4.52 8.015.82 2.76 5.82 7.45 4.12 15.14Blackeye 1239 2.03 6.33 6.43 7.41 10.39 5.80 7.41 23.77

28.4 5.85 2.84 5.84 1.89 5.18 5.55 5.78 8.11 6.69 4.45 16.26 27.08Kafinsoli Brown 6.70 8.98 5.27 6.40 4.57 7.0228.2 5.28 2.71 6.05 1.88 5.41 4.35 3.97 14.03 23.48Bunch Purple Hull 27.9 4.78 6.38 7.09 9.94 5.62 7.39 5.15 8.362.32 4.98 2.03 5.56 6.07 7.20 9.77 6.67 4.13 15.89 25.36Knuckle Purple Ifill 5.45 6.78 5.1528.7 5.00 2.71 7.17 5.50 4.194.99 .78 4.69 15.77 26.025.55 7.16 10.06 5.70 6.09 4.25 9.22Mean 5.00 4.45 15.71 22.3327.4 5.32 2.58 5.68 1.76 5.46 6.18 6.97 9.78 5.41 6.57 4.76 7.85 6.00 4.21 15.03 24.53 



TABLE II 

Yield (g Seed Plant). %Protein and Amino Acid Content of Dry Seed of Cow-Pea Cultivars 

Grown at Different Day Lengths in Different Locations 

GreenhouseBiotronIfe MethionmeMethionine %Methoinine 7c% 
protein mgG %Yield protein mg/g % Yield

Yield protein mg/g' %2 

Short day 
9.6 22.8 2.02 .8910.3 26.8 2.28 .85

Topset 31.2 28.6 2.47 .86 .77.90 9.6 22.6 1.7217.2 23.4 2.10Lagreen 29.2 26.2 2.26 .86 22.6 1.97 .88
.89 20.6 25.0 2.16 .86 9.8 

Climax 17.7 26.2 2.33 15.0 .79 .52
.i8 15.0 23.4 2.05 .88

1l-V-5-6 39.4 26.4 2.07 4.5 
19.4 1.03 .5422.3 1.40 .63 8.4 

Miss. Silver 26.2 24.4 2.05 .84 15.0 
8.9 21.0 1.49 .712.14 .872.31 .88 10.9 24.4Bechuana 29.0 26.3 .752.13 .89 12.1 21.8 1.64 

Dixiclee Sel. 29.9 26.0 2.25 .86 15.6 24.0 
.87 5.0 22.2 2.00 .90

.83 9.4 24.3 2.13
Westbred 28.4 25.6 2.08 

.83 7.2 17.1 .96 .55
.73 13.3 24.7 2.05

New Era 28.4 27.1 1.98 .56.88 11.8 23.8 1.31.80 24.3 24.5 2.14
Producer 40.3 27.3 2.18 3.9 21.4 1.48 .707.1 23.3 2.17 .94
Local Brown 27.0 25.9 2.44 .94 

8.3 20.8 1.49 .70
.84 14.4 24.2 2.07 .85

X 29.7 26.3 2.22 

1L-' _Day
 

25.8 3.02 1.18
.94 3.5 29.4 3.00 1.00 3.00 

Topset 17.0 29.6 2.78 23.4 2.21 .94.92 5.7026.9 2.48
Lagreen 38.1 26.9 2.78 1.04 11.1 

2.52 1.203.4 26.7 3.03 1.13 4.95 21.1
2.87 1.10Climax 31.0 26.1 1.53 .752.60 .95 3.05 20.4
2.42 .90 11.0 27.3I1-V-5-6 37.4 26.9 1.59 .732.03 .81 4.25 2t.8 

Miss. Silver3 23.6 25.4 2.30 .91 14.8 25.2 

Bechuana .912.61 .98 R.45 22.3 2.09
2.69 .97 13.3 26.6Dixiclee Sol. 22.5 27.9 2.24 .84

9.4 26.8 2.51 .94 3.60 26.5
2.69 1.04Westbred 23.0 26.0 .632.33 .85 3.15 21.4 1.36 

New Era 35.3 27.1 2.57 .95 11.4 27.3 1.86 .712.84 1.02 5.40 26.1
2.57 .92 15.3 27.9Producer 3 32.4 27.9 


Local Brown
 4.61 23.3 2.04 .8810.3 27.2 2.60 .96 
. 28.9 27.1 2.63 .97 


mg of met/g bean flour
 
2g inet/IOOg protein

3 nhotoperiod-sensitive, does not flower during long days


I 
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TABLE Ill 
F Values for Tests of Significance to Determine
 

the Effects of Various Factors on Yield,
 
%Protein, am' Methionine Content of Cow-Pea Seeds
 

NiethItioninw 

% g/I OOg 
Factor Yield protein rnl/g lour prolein 

Location I 24.u" 17.40 26.00* 1.40 

).3'Ilength 8.18 8.60 8.05 0 
Loc x DI 2.58 14.22"* .89 2.12 
Genotype 2.76 2.64"* 8.05* 6.04* 
Geno x Loc 1.14 4.92** 3.04* 3.29* 
Ge o X D 1 0.72 1.50 1.21 1.57 

Geno x Loc x )1 1.09 2.27* 1.06 .78 

•* Signilicant at .01: signil'icaii at .I5. 

capable of synthesizing large amounts of protein anti inelhionine are being 
sought and in studying the IMchanisms regulating syntlCsis. More plants can he 
grown under the unilorm biotron conditions throughJoul the year, and these 
facilities can be used to tuppletCtent th" field program. I lowever, furthel evalua
tion I r yield, protein, and amivo.acid content must be made on plants grown 
in the field under conditions similar to thosc in which ihey will be grown 
ultimately. 

The cultivars studied here represent only a siallI!I portit of the genetic varia
bility available. Analyses of additional accessions from the "Nigerian grain
legume gene bank" have identified plants that produce seeds having in excess of' 
30 per cent protein and up to 2.5 img methionine/g flour. Considerable variabili
ty for tryptophan also exists. A number of' Vigna accessions have been reported 
to produce over 3d per cent protein, with the highest being 36 per cent.* 

Thus, it appears that there is sufficient genelic variability to expect considera. 
ble gain from selection in segregating ptpulations. 

Combining Improved Protein and Grain Type 

The cross of Producer x Late Kabba has been studied extensively regard:lg 
per cent protein and, to a lesser extent, available tuethionine. Late Kabba is a 
typical local cultivar that is short-day sensitive and rather indeterminate, with 
nuiieous prostrate side shoots ott which the pods are borne. The seeds have a 
rough lesta, which is cither white or white with brown flecks. Producer was 

*Rcport from the Alabama Experiment Station. Minutes or tile meeting )hf tte s-9 Technical 
Committee "New tlaits." Auburn, Alabama, July, 1972. 
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to I one of the higher-yieldingintroduced into Nigeria, where we found it 

cultivars. It is largely day-neutral, has larpp, light-brown seeds with smooth testa 

and is usually high in total seed protein, but only intermediate in available 

methionine. We were interested in selecting plants that combined large seeds 

having a rough brown or white testa with a higher protein content than that of 

Late Kabba. 
texture and color were f-.,itd to be simply inherited, with ratios ofSeed-coat 

and 26 si,,oth: seven rough seeds being observed in the
25 brown: eight cream 
F, IIpuil:aion. The results ot' selection for increased per cent protein in F2 and 

I.3plopila lions are presented in Table IV.The two families of greatest interest 

after one cycle of field selection are 4/1605 and 43/1662, whose mean protein 

values exceeded both parents. The former appears to be uniform for cream seed 

size, whereas 43/1662 is segregating for
color, rough test:a, and medium Seel 

these three seed iraits. Further field selection is underway in these l:nd of:her 

faimilies where high prtein phenotypes were observed. Methionine content of 

raInged from .)2 to 1.98 ,ng/g flour compared to estimatedthe 1:2 individuals 
1.74 for Late Kabba and Producer, respectively. 'here didvalues of 1.55 and 

conappear lo he an obvions ielationship between high or low methionine 

tent and per cent protein. Further analysis of the F3 families for methionine is
nt 

underway. 

Summary 

Cow pea is an important source of dietary protein in many tropical and 

subtropical areas, particularly in West Africa. The poten ial for raising yields 
to better cultural practices isthrough brceding improved cubivars that respond 

and perhaps isoleucine and tryptophan. have been reconsiderable. Methionine, 
ported to be limiting amino acids. Significant variability in seed protein and 

exists among the accessions held in various collections. Permethionitne content 
cent protein and methionine content appear to be moderately heritable, and 

progress has been nade by selecting for a combination of high protein content 

and grain type!- suitable for Nigeria. 
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TABLE IVDistribution of Parents and Individuals Within the F2 and F3 Populations of the Cross Producer (high protein)x
Late Kabba (Desirable Seed Type), Based on % Protein in Mature Seeds 

Parent 
.
value . .. . Protein20.0-Population of family 15 protein) 20.! - 22.1- 24.1- 26:1- 28.1- 30.! .22.0 24.0) 26.0 28.0 30.0 + . 

n s2Mean 

12 
Producer 

(reenhouse.Madison 
4 9 8 6 4 26.5 33 

Fihld-Nigeria 
5 I 28.5 6 

F, families 

Producer 
Late Kabba 

71/ 1676 
5811667 
34/1655 
37/1657 
78/1685 
42/1660 
21/1617 
4/1605 

52/166:5 
35.11656 
75/1675 
43/1662 
79/! 686 

S/1607 
39/1659 

19.0 
22.3 
23.5 
24.6 
24.9 
25.0 
25.0 
25.1 
25.3 
25.5 
25.7 
26.2 
26.7 
27.0 
30.6 
28.5 

I 

I 

1 

2 
I 
3 
1 

5 
3 

1 

I 
3 

8 
2 
I 
5 
7 

4 
4 

4 
6 
3 

2 
2 
4 
1 
3 

2 
5 
7 
2 

2 
5 
3 
I 
1 

5 
5 
4 
2 
5 
6 

1 

6 

3 
4 
I 
1 
I 

7 
I 

2 

1 

I 

I 

25.7 
26.8 
26.6 
24.8 
25.4 
25.2 
26.1 
28.7 
24.1) 
24.6 
27.2 
28.6 
26.2 
26.4 
26.2 

27.6 
25.0 

10 
1t 

8 
10 
10 
111 
Itt 
10 
1 
10 
II 
It) 

9 
5 
I) 

16 
7 

.57 
5.14 
1.30 
2.37 

.82 
3.41 
1.37 
.95 

2.74 
1.48 
3.02 
1.17 
5.73 
1.47 
2.08 
2.54 
3.31 
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DISCUSSANT 

John F. Kelly 

Rather than comment specifically on the papers that have been presented. I 
will give a short review of the work we are doing. I think this report is a logical 
extension of what already has been reported. We have found ger:-tic variation in 
mcthionine and total nitrogen levels of 'haseohs ularis from three diflferent 
sources, and have begun making crosses to determine their inheritance and to 
transfer the character to commercial types. Most ol' our work is based oi airapid 
adaptation of Ford's Str'ptcoccus :..vmogenes assay Itr available Inelhiolninc 
which we'll be discussing later (Kelly. Firman. and Adams. I71 : USI)A ARS 
74-56). 

The first sources of v:riability we investigated were the USI)A world collec
tion and some beans frot other collections. Table I shows some of the carly 
results from our searches for variability. We Ilten started screening ihe world 
collection and, since about 1968. we have looked at some 3.500 individual lines 
and a total of some 10,000 samples, including sitngle seeds. SubsequeItly. we 
have found crude protein levels in Phas'ohts tgtaris ranging I'i t 17 to almtost 
35 per c, 'tvailable methionine, 0.8 to about 3 mg/g tolal inethionimte. 2 to 4 
nig per g of bean. The ratio of available to tlal toelhionine langed froim .20 
to .81. 

TABLE I 
Variation in Crude Protein and Methionine Levels
 

Among Six Bean Introductions
 

Available Tl1:1 
IX niethionine e1110hionine 

Line Crude protein (nug/g) ng/g 

P.I. 172032  - 1.5
 

P1.282693 3.1 2.4 3.9
 
P.1. 207227 - 0.1 

P.I. 194181 -- 1.9 -

I1aiti #6 1.7 0.9 

P.I. 1807581:7 3.2 1.4 

150) 

2.1 
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Table II summarizes in another form tie potential in l1hascolus 'ulgaris. It is 
on theirapparent that there is a wide variation among the beans, depending 

place of origin. 
Mexico. Scandinavia, Central America, Western Africa, and Central Africa 

have low melhioninc levels. THie ('aribbean samples had high levels, as did a few 

samples fron Clin a. We found high methionine anyong these assorted lots. which 

look within these lots for further variation, and we found a wide caused us to 
alone, simply lookingrange of available metIhioninc. This selection method 

within existing material on hand, could he a significant means of improving the 
just a mattermethionine levels in currently used breeding lines and mixtures 

of roguing on t the low and selecting out the high ones. 

TABLE II 
Frequency Distribution for Available Methionine in Bean Lines 

Broken Down by Geographic Origin 

Available Ntethionine ('Aof standard) 

Place of Origin 0-50 51-1(X) 111510) 151-200 >200 N Mean 

Canladat 
USA 37 181 133 29 9 389 97 

Mexico and 
Central America 167 724 237 13 2 1143 80 

('Caribhean I t0 24 4 0I 39 126 

South America 34 168 102 15 1 320 91 

W.Furope I0 86 65 9 0 170 97 

F. Iurope 26 155 147 18 3 349 99 

Middle Fast 29 362 357 47 3 798 1t2 

Africa 7 99 35 4 0 145 85 

('entr,it Asmi 5 68 37 0 0 120 95 

(1hi1a 0 3 13 4 2 22 142 

Icific t0 12 15 2 0 29 t(16 

"lblal 316 1868 1164 155 20 3524 92 

The third source of variability (Table Ill) we exploited was commercial culti

vars - largely types that are grown for their immature seeds. Primarily, they are 

green-bean types from American seed producers. The varieties are very likely 

pure lines in almost all cases, except perhaps to: some of the old land varieties. 
We have reported this in Journal of thze A,'wricaii Soci't' for iorticultural 

Science ( 1971, 96:56 1-563). If we take samples and put them in a replicated 

trial, the differences hold up; indeed, in almost all tests involving lines with a 

variatioi of, let 0s say, 33 per cent over or under our standard, we can be 

,oufidint that the lines will behave predictably. As I have pointed out, crude 

protein levels in /. ulgaris varied considerably. The levels of both crude protein 

and total nitrogen proved to be markedly affected by environment. In addition, 
we find variation on individual plants from pod to pod, and from seed to seed 
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TABLE Ill 
Variation in Available Methionine Levels
 

Among Six Bean Cultivars
 

Cultivar Available methionine (mg/g) 

Bush Blue Lake (23618) 2.0
 
Bush Blue Lake 290 
 1.7
 
Busi Blue Lake (23620) 
 2.3 
White Kidney 1.6 
Sparton Arrow 0.7 
French's IHorticultural 0.6 

within single pods; much more variability than we have found with methionine. 
A similar degree of variation is found in some of the cow peas we have ex
arnined, but our sampling was small. 

More recently, we have begun work on the soybean. Here, we have found a 
range of about 3 1 per cent to 52 per cent protein. I lis, too, is largely affected 
by environment. Ilowever, there is a tendency for those that are high in protein
to remain high under different environments. We are also looking for methionine 
variation in the soybean. So far, we have not found as large a variation, nor have 
we been able to duplicate our results as well; we're having analytical problems.
The USDA has found small differences in methionine that originally were consi
dered to be insignificant. However, the mean for the soybean is about 1.2 per
cent methionine arid ranges to 1.6 per cent - perhaps a very significant varia 
tion. 





DISCUSSANT 

P.Oramn 

I have been asked to take as my subject the activities oI' tile newly fit nlred 
Consultative Group on International Agricultural Research in relation to tile 
food legumes. The Coisn llative G;roup has a Technical Advisory Comtmittee. 
whose objective is to identit'y major gaps in research and., Within those gaps, to 
indicate major priorities. (A gap, of 'ourse, doesn't necessarily mean a priority.
Once the priorities are identified, tie TAC suggests the sort of,approach that 
unirt best be adopted to solving the problem and. in paticular, atlelmpts to
define fields o1* research where a strong interdisciplinary tcam might make a 
significant imtpact oil a major problem of"development. A project of' this nittire 
probably reluiires international support for its establishment. oil tile asstltriptioti
that most developing countries could not support such large-scale iesearcr oil 
their own. 

One of the first concerns of the Technical Advisory Corit tee to tie Consul
tative Group was the 'ood legtmes, partly because of lie vell-recogriled need 
related to their cttribution to proteit nitritiot, partly because a niurber oi its 
members were at the Blclagio ;roup lneetings, where the prohlevis of their low 
yield and disease susceptibility were enplhasi/ed. I)r. Robert's repo-rt was its 
starting point, aid his recorrtliendatiois were basically (arid I arl silrplit\'ing) to 
separate the raini food leguries otl at ecological-tie basis aid to have tie work 
carried out by alpprpriae international institutions within tie Zones 1t which 
those crops were most suited ecologically atd. tiererue, well accepted by tie 
people. lie exarnified tie possibility of a central 'ood leguiie research insti
ttte" ard coircinided that. althotrdt this uiilt give some ecortomies oft scale, so 
miianiy species of grain legumes were involved ard so mairy problems were ho
catiiti-Specific lhat they could not be tackled adequately at tre center, lie did
identify six species fr priority: soybears. groutdni its, chick peas. pigeon peas.
Plascolus, lld cow peas. 

The TAC discussed his report and also a report by Dr. Swatniratlirar. wihich 
argued tie case fIr a central facility to ildertake work oti problems comrnt irot) 
a number of tie major trod leguries, of which a tumber can be identified, ard 
where it seemed that a particularly strong and specialized teari. using sotphisti.
cared eqipmert, might achieve a significanit breakthrough in yield. This has not 
yet been achieved with most legunintous species widely grown itl developing
countries, although. as we have heard today. there are indicatiots that substan. 
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be demonstrated experimentally by contial iiliprovements in productivity can 

breeding methods, by improved agronomic-cultural practices, and by
ventional 
pest, disease, and weed control. 

Nevertheless, some disappointment has been felt at tile progress that had been 

- and it is true that, on the whole, yields of 
achieved by conventional methods 

food legumes in developing countries remain remarkably low. This is one of the 

argue the need for a special facility that would 
reasons that has led pople to 

to raise the yield ceiling more dra
undertake the more difficult tasks and try 

nmt ically: ill other words, try to provide new horizons. 

'lie TAC therefore decided to set us a subcommittee, composed of Dr. Ilop

of the Canadian II)RC, Dr. Swaminathan, and Dr. Pereira,
pci, the pr2sideint 

in Africa foi a 
head of the Fast Mailing Research Station, who has worked 

number of years as head of tile Research Council of the Central African Federa

lion. 
the TAC, butat some of the issues facingTiffs subconumittee is looking 

about those, I would like to mention that both the 
before I say anything more 

and tle Technical Advisory Committee came into a dynamic
Consultative (roup 

at
in which there were a number of ongoing proposals for research

situation 
Nigeria, CIAT in Columbia, and 

existing institutions: for example, at IITA in 
I will de-

Rica, along the lines recommended by Dr. Roberts.*
II('A in Costa 
scribe these briefly before delining some of tile remaining gaps. 

and, to some extent, on soybeans
IITA is working on cow peas, pigeon peas, 

beans. CIAT is Working mainly on field beans. It did nave a proposal to 
-ind linia 

their latest budget proposal, the soybean
work ott soybeans but, according to 

prograin is in suspension for tie ttie being. A reason for this may be that there 

tile TAC meeting that the more basic aspects of the 
was considerable feeling at 

in the United States, which has a major
work oil soybeans inight he centeied 


this crop, and that only duplication would result if

research capability for too 

much work, other than that of an applied nature, were done elsewhere. 

In addition to this work, which is mainly concentrated on the humid tropics, 

there appears to be a gap - and an important one - with respect to the drier 

the TAC has recommended the establishment of a new 
areas of tile tropics. I lere 

Crop Research in the Semi-Arid Tropics (ICRISAT), the constitu-
Institute for 

on sorghum, millet,lion of which has been signed in India, which will work 

chick peas. and pigeon peas, and which will have global responsibility for certain 

agronomy, as well as on tile physiology and
specialized work oil breeding and 

was debated whether this institute should also 
biochemistry of those crops. It 

which fit into the systems of the semiarid tropics, but it
work on groundnuts, 


was decided, for the lime being, not to overload it. (The problemi of overload has
 

also been one of the main fact ors that argued against the e,tablishment of a
 

central facility for all food legumes.) 
the TAC include suggestio'ts for what one

New proposals under scrutiny by 
to ICRISAT in Africa :inJ possibly also in

might call "outreach" work related 

*IITA, International Institute for Tropical Agriculture; CIAT, Centio Internacional de Agri

culture Tropical; IICA, Istituto Interamericano de Ciencias Agricclas de la OEA. 
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Brazil, which has offered facilities. There are comparable conditions in Africa, 
northeastern Latin America, and parts of Southeast Asia, where semiarid condi
tions exist and where no major work is being conducted on food legumes at tihe 
Moment. The problem is that in Africa, as Dr. Rachie has said, cow peas are the 
inai6i legume. Chick peas and pigeon peas are not as important, so results from 
ICRISA'I may not be too widely applicable to Africa under the present circum
stances. Possibly, special programs should be set up -- programs linked to the 
main ICRISAT institute, but which could cover the specific needs of Africa in 
respect to the food legumes, even if these differ somewhat from the species 
being worked on in India, e.g., cow peas. A team in the field, with Hugh Doggett 
as team leader, islooking into this problem at the moment. 

There is also a gap, in my opinion, in Southeast Asia. Dr. Swaminathan's 
paper, excellent though it was, related mostly to South Asia. Conditions are very 
different in Southeast Asia, not only in the species grown, bilt in the way in 
which they are consumed. In Indoncsia, lor example, the e is a large acreage of 
soybeans and groundints, which are used not for oil but for direct human 
consumption. In tie Far East, also, soybeans are used in the diet quite differ
ently from their use in the United States, for example. Research these endon 
uses is not being covered adequately at the moment. Niung beans are another 
important crop in that area, particularly for fitting into multiple-cropping sys
tens. FAO has submitted a proposal to the United Nations l)evelopment Pro
grain for a possible linkage program to ICIRISAT Io' work on various food 
legumes and other rain-fed crops in Southeast Asia, but I am not sure if this 
adequately covers the more humid areas of the monsoon climate. 

Other than this, the main gap -- geographically, ecologically, and related to 
species - lies ill the MCditerranea', Zone vilh its cool, rainy vinlers and warm, 
dry summers. The principal species grown there arc lentils, broad beans (Viola 
Jdba), and various species of Lathynes. (These are also important, buit to a lesser 
extent, in South Asia and in some parts of" Latin America.) Ilow can this gap be 
filled'? There is a proposal to have a review mission take tie field with TAC 
funding to see what needs to be done in the Near East and North Africa, not 
only for legumes. but for other crops, as vell. 

I think, onl the whole, that a large amount of work isgoing on at tile applied 
and adaptive level. The problem is no longer being ignore,'. The total program 
supported by international funds and including areas wheic new requests are 
likely to be supported -- comes to something like SI million to S1.1/2 million 
per annum, if" one includes the II(CA proposal for work on field beans in Latin 
America, the CIAT work, work at IITA. aild the proposals coming up from 
Africa and from ICRISAT. There is a weakness on the economic side. We don't 
know nearly enough abont tIle factors affecting demand for and consumption of 
food legumes, marketing problems, or various related aspects, such as consumer 
preference, price responses, storage, and so on. Perhaps these considerations 
need more attention at existing instilutes. 

Two other supporting services exist, which I think will be helpful to work on 
food legunies in general, aid which are being funded by the Consullative Group. 
The first is a Food and Agricullure Organization project to develop a current 
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tile
research information system (CARIS), which aims to cover all developing 
countries eventually, but which, at the moment, is in tihepilot.study stage and is 

being initiated in 14 West African countries. These countries form the West 

African Rice l)evelopment Association. But the system will not be confined to 

rice. It will cover the research situation on all crops and other aspects of agricul

tural production in those countries. If this is successful, and money is available, 
it will he expanded and will provide an up-to-date directory of ongoing research 

and the research facilities in all of tiledeveloping countries. 
The second proposal is to establish a network of Plant Genetic Resources 

('Centers with a cordinating unit and a governing board, which would include 

both developed and developing countries, as well as international research cen
leis, and would rOvide for regional centers, Which would assist in tilecollection, 

exploration, and evaluation of plant genetic resources. Again, food legumes are 
being given high priority in this proposal, which was drawn up by a group of 12 
leading geneticists at Beltsville, Maryland, illMarch, 1971. 

in conclusion, I would like to sunmarize the questions facing tileTAC and, 
in additiOll, those tal face this Meeting, ill looking at tileneeds for research 

particularly for reseauch ol breeding as relaed to the food legumes. The first 

qluestion is: "Ilow call we prevelit overlapping?" or "llow much duplication is 

periissible?" To what cxtent should dluplicatioll be avoided, and to what extent 
is duplication or leplicalion, if you like desirable? (The avoidance of dupli

calion sometimes can bc overstressed.) But undoubtedly there is duplication at 
plreseit not onlly illsome ot tle proposals front internalional centers, with 
compeling claims for example, for world collections of geri plasm of some of 
tlt food legumes - but :Also inl filesymposia and tie studies that are now being 
ilUoposecd. Inladditionito this PAG sylnmposiulm, the TAC also has been consider. 
ing holding :asymposium. So has the National Research Council in the United 
States. Might it be possible that' wc are overproducing symposia? 

The question :,fwhether there should be a central facility of' some magnitude, 

collparable to ('IMMYT (the Wheat and Maize Institute in Mexico), which 
would wolk ol the more fundamental problemis ofi te good legumes, is still 

ulIesolved. What tlle facility do that the individual internationalcould such 
centers couldnt do? Where would it save money, staff, equipmlenlt. and so ott? 
Where would it plovide economoies of scale an,i! econmties of force? Ilow could 
it cover the missing links? flow many species calt be handled effectively by any 
one institute, whelher it is working on adaptive or basic problens? 

Yoi liglht consider what developed countries could do to cooperate in sup. 

porting the over-all prograit. Could they fill the gaps otl more futndamental 
probletms, which might othrwise require that a cettral istitute be established, 
thus saving a vetv large cost illnew facilities? 

My last point lelates to tilepossible balance of need as related to resource 

allociltiolls between shotl-lerm breeding anid adaptive research, e.g., oil diseases, 
and tilelomg-term research that might have to be done at sonie central insti

lute(s). ('am this Ineeting suggest any short- or long-termt priorities'? 



DISCUSSANT 

J.H. Hulse 

A number of speakers have refierred to the unique feature of the food legumes 
- their ability to fix atmospheric nitrogen. It is well known, of course, ihat the 
nitrogenous enzyme system present in the root nodules is responsible for the 
biological adaptation of' atmospheric nitrogen to ai111nonia. Until about I1962,
when Hardy, of' DuPont. described his method of assay for nilrogenase, it was 
difficult to determine the activities of the enzyme, either during the life of the 
plant or among different cultivars, lie described a mi01od by vliiclile found 
that acetylene is reduced by nitrogenase to ethyle:'. and that one could, by gas
chromatography, determine tile amnountt ethylene produced and, tlierefore,
the activity of tile nitrogenase. (I would like to point out parenthetically that,
since Hardy's publication, some 200 other papers have discussed nilrogenase 
activity, but fewer than I per cent of thieni have originated in tlhe developing 
cotntries.) 

Quite recently, Canadian scientists developed a sitnple colorometric method 
for ethyle that makes the nitrogenase determination method portable. They 
now are in the final processes of' patenting the system, which catl determine 
nitrogenase activity in the field during the fife of' tile plant. 

It may be that the paucity of papers from the developing world can be 
attributed to the cost of' ' e previous system and its requirelent fOr a somewhat 
elaborate laboratory in which to carry it out. The new Canadian systel can use 
either a portable color meter or a color-grade standard..and is sensitive to 2 x 

-I0 moles of' ethyleie, vhich is sufficient to measure nitrogenase activity in 
plants about three weeks after germination. 

Early work indicates that the duration of nilrogenase activity varies among 
plants, certainly in field peas. The simplified method may enable plant breeders 
to make a more serious study and look for cultivars that either fix nitrogen
earlier in the plant's life or continue fixation during pod-filling. Nitrogen fixa
tion ends in many legumes about the time the pods start to fill. I would suggest
that the areas of' nitrogenase activity and tile rate and duration of nitrogen 
fixation in various legumes are worthy of inore study. 

Reference 

Htardy, RMW.S. 1973. Applications of the acetylcnc reduction assay for nitrogenase. Soil 
Bio6. Biochem. (in press). 
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SUMMARY
 

Donald Bouilter 

The speakers b,,)ight out a certain difference of opinion on one or two 
points. For example, I sense that some people felt that already there is suffi
cient variation illthe existing legumes and Ihat we should start with what we 
already know and move forward. On the other hand, there was I feeling that, ill 
some cases, we had to go out and assemble additional varieties and get world 
collections together. That was one area of disagreement. Possibly another was 
the number of differer'. species of legnnes that we should actually try to tackle. 

Having said Ithat, I would like to pass on to our Chairman's remarks, lie
 
reminded tile biocienists (of whom I've said I'll) ntlrilionists that
one) and tile 

the plant breeder is lealing vith a complex probleni, and every tin,.' we intro
duce aInew dimension, it produces ,trenendori s of additional worl; for
mO tllll 
him. If lie is going to tackle the problem within a feasible lime span, we ob
viously mu11st limit lire number of those new dimensions. hlliswas brotght out 
again by another speaker, who also pointed outl that the fainer normally a 
subsistence farmer - is going to be concerned about yield. Thlerefore, yield, 
adaptation, and resistance to disease are going to be major considerations in all 
of tire programs discussed. It was suggested that we must not scalier our shots 
too broadly, that there are many legumres. aild that progress in legume implove
tIne1 ntmuSt be a teamll effort a senlillelt echoed by MIanty speakers. 

Dr. Swaminathan's paper made tile point that the situation illIndia isunique,
in that the primary high-prolein food is legumes. lie also poiled ol Some 
reasons why considerable work on legumIres should continue. TIey' are high itt 
lysine: they can adapt to drly areas; and oflell they are respolnsibe for restoralion 
of soil fertility, lie pointed ou. a.s India, prolduction OFIwell. tihe danger that, ill 

pulses has not increased grelly because tlhe
cereal program isso successful. Tire
 
major problem with lie pulses is their low yield and this, lie said, was at ribu
table to a veriety of reasons. For instance, ltey often fla\,
been poorly rirarnaged 
or grown in marginal lands- there has been insuflicienl gerletic variation in the 
breeding prograris thal have been etrploved for tile difTcrer legume crops. 

lie broke tilebreeding prograru doh'Vl into two phases. The first phase em
braces simple selection piocedtres, whi 11are being carried out with a restricted 
germ plasm. The second phase is tire bre ding program, now being carried Out inl 
collaboration with the USI)A. A co)nsiderable collection ( "legumes has beefi 
assembled and aheady varioms improved varieties have been produced. They are 
breeding for air improved plant type (a need that has comei up tuie rid againi in 
these sessions) and also for an increased harvest i.-idex or IiOlOgi :,lyield. I)r. 
Swanlinathiai also mentioned tie need for control of pests amid diseases, tife 
establishnent of proper rhizobiial strains, and lie felt that, given tile package 
approach and new cropping patterns, it should be possible to double tire produc
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ti,)n (1 pllses readily. lie relrred to various experi[IleItal approaches for high 

yield,nutriliollal valties, digestability, the shortening of the maturation, and even, 

ill which tile legunle was grown.ill some cvases, a shilt ot tIle season 

Dr. Jalil spoke abotl the situalion in Latin America, where the major food 
Most of tlhe

legume is Pha 'sohisruiatrfs, followed hy l"icia filu. and chick pea. 

otl beans, and here the bean dis
gellelic illpltoveitteiii vork has concen'ralted 

IleIf'eels there is a1 great potetitial ot' increasing
eases ale the limiling factor. 

that the problem ik diflicult of solution. le major program
yields, but .ressCd 

ile collection and evaluation of ,*,,jr varieties. l)r.in Latin America will be 
absolute essential -- that there shouldJalil. too, sttessel that teaio effort is arn 

he regiolial training programts, and regiontal laboratories for evaltlationi. lie also 

mentited thal tile sovhCan ikdoing ex'ITeclV well ill Latin America: that there 

had been cooperation with Dr. Lewie of' the University of Illinois. and ItIat, 

although grouitdintls hia10 decrecaed in their productivity, there is aconsiderable 

inclease in demand for1 soyheatis, which ale beitig used mainly for oil. 

I)r. Rachie spoke Io its aboul legumes iin Alrica south of' tile Sahara. lie 

for tlie legume in tha ate1a -- ill both the
eiphasiied ,lie reitMIdOis poAMctial 

dry and ilte hlitid legions. lie said Ihat the grow vigorously on ever poor soil,
 

and that the dry secds ate ptssihl. the oil\ storahle, transporltable proteill with
 

out Irellenldotis

c~loceiltraled viltllill contett. Ilowever, lie al".) poilited the 


coLtstrailltS on illcielsed pmodic tivily, tuicnltiotting, amiong olher problemus. plant
 

genelic diversily, anid iiefl'icient plant types -- the

diseases, th1 Wirow ratge of01 

f.: oilher p:irts Of the wrld. lie also disctissed the widesaule difficull ie.s th1l 
semirid regions to the niome litunid son

cli alic valialions t oll tihe nitlhem, 
iilake averages roughly 2,)00iheta regiots. Il tihe north, tile protleit calorie 

calories pet day and 8') gr;,its of' poieiii. In tile humid regions, intake issome

ilting like 1,7-44 caloies per day and 33 guams of protein which clearly is 

tile tuorthiladequale. This is hecause ill tlie staple is cereals- in the south the 

staples are toots aid tubers. Although groundnits are grown extensively il the 

or for a:ttle feed, so cow peas are the firstnorth. they are used minly for oil 

legumes in"Ihesc ,leas f'oll,,wod 6y Phascltis, pigeon peas, and chick peas. Soy

heans are grovn, but acceptability is low. This, of course, is otie of the great 

it is readily growit, readily eaten, and West Af'icansadvalt:ges of' tile w wea: 

like it. Ilowever, lD. Jalil did point out dial soybeanis may well have .t great
 

potenitial as ilrbaliatiot develops ill thes" ale as.
 

It is doubt ft, that cOW peas aild soyhe,s can adequately m',eet the needs in 

of Benin fom he Congo to Angola, is muchthe Iropics. Yamt heau, grown east 
diseases. Ilowever, lie mentioned the possibilless susceptible (o pesis and plant 

lie pointedity of introducing pigeon pea, v'itg bean, liita bean. and jack hean. 


out thal, ill trying to choose a legume ott which to wo'k, major considerations
 

be given to thle local acceptability of the crop, the range of' genetic diver

sity, aid the level of' oultrossing. lie also st ressed the imptante of' teau1 effort. 

Dr. Kelly, from the Catmphell Instilute, has been sciecting the world collec

'hascolns rulgaris f'or ,,:,riatiott in clude prolei and imietliolile. Tlle 

mu11lst 

tioni of 
17 and 32 per ceit cruderesults appear to he encomraging - something between 

protein, 0.8 to 3 per cent imthionitte. lie showed that there were dilTerences 
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according to the geographic area from which the Phaseolus was obtained origi
nally.

In addition, l)r. Kelly has done some work oil soybeans, wlhere there is a 
variation of 31 to 52 per cet. allhough fite variation illnletlionine illthat1 
Species is not so great --1.2 to 1.6 per cent. lie pointed out that tie acltual 
protein levels in soybeans were affecled by eivirot mcllillaI inlteracliolS. [lTat 
problem w"as also eCInliled :asa possible subject for Ither discussion. 

Dr. Leng stressed that virtually all tilemain legunie species have eiioigh 
variability, and that it is vital to have a line f'rimework of' tellyears illwhich to 
introduce new vat icties. lie also brotight out tie need for restructuring. and lie 
ga-, ts an illuminaling example of the soybea.n, which was, in fact, restructured
 
in about four 'years. Ile suggests that we must go for high yield, and feels that
 
legulnies satisfactory ill tlis respecl are pigeon pets, cow peas, aitd soybeans, lie
 
suggested 
 thai we should s!art with what we lave, and the success of the coril
belt soybeans iinNigeria was adduced as evidence. 

l)r. Oran discussed tie work of [ile ('onsultative (roup. lie explaiIed that its 
objectives were to identily mlajor gaps aitd major priorities, and tlie[ to see whial 
could be don1c. They used Ifood legunics as a point of departure, because it is a 
well-recognizte need, atid teCy took l)r. Roberts' excellent report as a basis of
 
their dliscusii. It Was pouittCd(Iltthat this was. illfat.Ilat 
 ecological applroach, 
and that one mainl questiols was itty to decide if Ihev would havc :o1'tile 
celiral inistitt ethalt would deal with a Ilre nituber of' legut s. or if"tltere 

should be several institutes ii which on1C or tWO leguties votld be sItdied. lhe 
fillal decision \'as ill of ife Liticr.f':lVOI 

l)r. Oralt discussed a series of' gaps which they felt existed, for insl:tce, ill 
the seliarid tropics. and ifOrtied us of a new institute (I('RISAT) whose 
charter was sigied in India dutring Ilese sessions. 'Ille instiltite will !'.Colcerned 
witll sorgltnll, millet, Chick peas. ind pigeol peas. lie discussed ways in which 
gaps iii Sotltheast Asia and in tileMedilcrrlaieai Zone could lie closed. Ill this 
cottx., le intiotlel Overlapping, which lie didn't think was necessarily a bad 
thing, but which, oil the other lu:1nd. obviously slould be coittrolled. For in-
Stlilce, lie liosited an instlilutte working on sotime otlIhe itre funtdaincital aspects 
of' leguimis,oitle missing links, so to speak, aiid on how many species it is 
actually possible to work oil - a pouillt lie alsobrotlgl t u1p by Dr. Borlaig e:arlier. 
discussed tile role of' the develped coutintries in these progiatns, suggested that 
we should lave short- and long-term priorities aid indicated, to some extent, 
what these lilighl t be. 

I)r. Evans talked ahitnlt tie CainIiridge work o IIaasc,his i'ut/aris, which is 
contducted ilconjunctioin with tie Makeicre program illUganda. The prtgrait is 
testing to. gene tic diversity il Ihis species, as well as for yield, adaptability, aild 
protein content. TIhe advantages otl' a Joiint prograil are obvious, because theuch 
studies can embrace ('aniibridge inone climatic regioil aid Jganda itl quite 
another.
 

l)r. Rubaillayo also spoke abou t tie Makerere program. As did a previous 
speaker, Ile epllh)llasizCd that hire is sufficient proteiin per capila illUganda, hut 
there is still a protein food Iroblem because of' dlistribution. Animal piroducs 



172 

would be too expensive, so a breeding program in legumes is now in progress. Its 

quality, in this case methionine content,
aims are the improvement in protein 

give high yields; identify and eliminate pests;
and also protein quantity; to 

introduce good managemcent practices. They
develop resistant varieties; and 

cow peas, beans,
have, in fact, collected considerable germ plasms of soybeans, 

promising results in 
pigeon peas, groundnuts, and peas. There have been some 

and some of the p'ogramsof productivity per hectare,increases in the amount 
of various technical reasons. 

not being pursued as actively as others becauseare 
two points on whe-

Dr. Wayne Adams works on Phaseolus. I e raised one or 

tier primitive varieties, which grow in low-fertility conditions, have led tc' the 

of varieties that would be unable to respond to fertilizer and mineral 
selection 

his group has established that there is great
treatment. lie pointed out that 

ponse even among such plants - certainly an encouraging sign.
potential for re 
lie also talked .ibout the ideal plant type, and on the whole lie felt that lie would 

this. le also raised some interesting questions for the plant
be able to achieve 

must establish some priorities; for example, we should relax
breeder. lie said we 

yield and adequate biologicalfor high protein and concentrate onthe search 
us that we cannot have everything, and 

value. In effect, lie pinpointed for 

therefore must make some hard decisions. 



RESEARCH NEEDED 

Dr. Rachie 

This afternoon's meeting has, I believe, helped to place this conference in 
perspective by giving weight to the plant-breeding side of the problems. Several 
people have contributed to the various points I am going to make, so I will not 
attempt to indicate them all by name. 

I think the entire conflerence has agreed that a matter of primary importance
in the improvement of tite grain legumes is to increase productivity. Under this 
heading, we must increase yield per se to make the grain legume attractive 
commercially to grow and, of course, to bring good-qualily protein within the 
reach of all economi- classes. It appears that everyone agrees that we need to 
restructure these plants and to increase tie harvest-yield index. 

In stabilizing yields, it will be particularly important to gain some measure of 
control over insects and diseases through the genetics of the plant itself and by
other means, as well. We must also bear in mind that, in the areas where !hese 
crops are grown, they must be adapted to a wide range of conditions, including
moisture limitations, acidity, and other soil factors. There also is a place for 
developing high-yielding, short-duration types, as has been mentioned by several 
people. However, when one gets into the rhizobial nitrogen-fixing system, one 
tends to limit oneself to very short-duralion types. I wonder if this isn't, partly,
what Dr. Adams was talking about in relation to his protein levels. For example,
take a cow-pea plant that matures in 60 days, bearing in mind flat the Rhizo
bium probably doesn't become very meaningful until after at least two cr three 
weeks and flowering begins in, say, 35 days at the earliest. Now we are talking
about a 60- to 65-day crop, and have very real problems in getting rnough
nitrogen into the sinks to provide for adequate source, of that nutrient. 

Most of us agree that we should not sacrifice grain quality in the effort to 
improve yield. There may be some merit, however, in Dr. Adams' point of view 
that, in the short lerm, we may have to look at lower-protein types in order to 
gain yield breakthroughs. 

One thing of which I am deeply convinced is the need for acceptal)ility when 
we deal with human consumers. In this area we cannot compromise. So I would 
add this to our quality problem. 

I am not quite as discouraged as is Dr. Adams about improv .g the deficient 
amino acids. I think that perhaps, with the many species we have to work on,
there are real possitihites ' r making meaningful progress on, say, the sulfur
bearing amino acids. 'This is an area in which we must intensify our efforts. Also, 
we cannot compromise on antimetaboliles and must strive to decrease then) in 
new and improved strains. 

The basic kUy to improving grain legumes will be to assemble and evaluate 
germ-plasm collections. I would like to suggest thatt, as we look around the 
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world, Africa has been neglected as 	 much as any region, and that the early 

must be considered as a matter of the 
nicunting ol the coll.cting program 

highest priority. A large number of species ostensibly originated there, so there is 

a very wide range of genetic diversity. I would also suggest that the IITA has 

up near the modern city of
excellent facilities in a S20-million plant setsome that area. 

to serve as a host for such aproject if it were to be mounted illIbadan 
a project. Once

This is just a suggestion. Many other places could host such 

collected. these ma terials must be evaluated and re-sorted, duplicates must be 

eliminated, and the various important agrononlic, biochemical, and other charac

art, starting to do this with the world collection of cow peas,ters assessed. We 
but it is required for other species, as well. Obviously, we don't have anything 

like the total range of genetic diversity in Vigna. 

Iland infhand with tile work of genetic improvement must go that of manage
on tile 

ment, and particulrly important are investigations on fertility levels, 

on populations and spacial arrangements, and on other kinds of 
rhizbial systelm, 

Of course, this is a dynamic program. It must go hand in 
management problemns. 

of new and improved varieties.glove with the devel opment 
I also think it essential that a few species be selected and studied intensively. I 

believe we have aglced that the I'haseohs beans, cow peas. and soybeans are 

primary species. We are not convinced that these will fit all possible needs, but 

we may have Igrcat lacuna of knowledge and materials in the htumid tropics. 
areas. Illthis samie

Sometime, somewhere, we should look at species for these 
the need for a global project on 

context, some participants have mentioned 
athe coill'erence reconmnend that suchsoybeans, and I would 	 propose that 


as possible.
decision he Made as sOOll 

)r. Orain mcntioned the possible need for basic investigations at a separate 

I think that basic investigations are needed in 
center. I woluld question 	 this. for 

regions and under several wings in areas of wide crossings in physiologicalseveral 
aspects. This would include More efficient plants: the limitation of sinks, often 

caused by excessive dropping of pods: photorespiration; and other physiological 

considerations. 
We have also mentioned the basic work in rhizobial systems, and several 

people haIve discussed the use of populations. These are excellent tools in terms 

of both improvement and distribution of genetic materials, but much needs to 
that would include

be done on these in t,'rms of ( I) developing the mechanism 

male sterility and insect carriers of polten, andi(2) studying the problemus basic to 

developing and maintaining them. 
that was mentioned by 	Dr. Oram concerned economy. ThisA further area 

include economic problcnls involved in short-term and long-term crop
should 
ping and in how various legumies would fit into various farming systems. I would 

)r. Orain discussed, because many of 
not like to consider all the points that 

these will depend, first, on basic policies at a high level. 

Obviously, research needs are very extensive, and can be summarized as 

follows: 



175 

lIproving PVducti'ity 

I. Yields per sc: Grain legumes must be economic,.lly attractive to producers.Most breeders feel it would be necessary to restruclure the legume plant bothmorphologically and physiologically, and to increase the harvest yield index
(Swaininatliar). 

2. Improve the stability of' yields: l)iseases and pests must be brought undercontrol; involve the development of elite, widely-adapted varieties and populations with good response to high levels of nanagement under variable conditionsof uloislure, soil characteristics, insolation, temperatures, and other factors.3. Develop special types, specifically suitable for multi and mixed cropping.Aniong legumes, these might include short duration, climbing, spreading, or
slowly developing plant types. 

Retention and/or hnp'ore'/ntn oJ'GrainQualit'
1. Increase of total crude protein is an important objective, but should notdeter the drive for higher yiiclds.
2. Increasing the proportions deficientof anino acids - particularly tilesulfur-bearing amiro acids and tryplophan -- are legitinrate, immediate objectives. Ifective, quick, screening ntlhods for specific amino acids are needed 

urgently.
3. Reduction otf various antimetaboJires and flatulence tactors are of primaryimporlance in some species, notably Phascolus heans and soybeans.
4. Final assessmen t of' iutriell qualities must be made on living oprg:nismns orwith highly correlated in vitro techniques.
5. Organoleptic characleristics desired fIy the majority of consumers must be

retained (ari. if' possihle, improved ). 

Si-stemalic Collection and Ivaluatino'.'GrainL c'uIteIs'S
1. The importanlt species should be collected in major regions of' diversity anduse as soon as possible, to prevent irreparable losses of' invaluable genetic materials through replacement by improved strains.
2. Evaluate collections for their important agronomic. botanical, and biochemical characters whell grovn linder diflerent environiens and condilons. 

hIlmrorementofI.llana,,nc, ("onditions 
1. The response of existing elite and newly developed varieties to fcrlility
levels under different environnients mtst ibe deteriined on a continuing basis.
2. Tillage methods, plantiing methods, and populalion dynnamics require simi

lar studies. 
3. The Ltiilization of different and improved geolypes in various croppingsystelms are essential. The feedback to breeders in developing special.purpos etypes will be invaluable. 
4. Improvement of rlhi/obial nodtLation as related to inat agemiremnt factors ol

genotypes will be essential to improvement in Ihis area. 
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EssentialKnowledge of Growth Processes 
to keep abreast of new developments inI. It breeding, it will be important 

wide crossing, inducing haploids, polyploidy, induction of mutations, and "vege

tative" hybridization. 
2. l'opulation-improveni 

e n t methods utilizing male sterility (genic or cheinic
intensive immediate

ally induced), and more efficient insect vectors require 

study to improve the rate and efficiency of the improvement process. 
plant

3. Physiological investigations should involve studies of more efficient 

structures and physiological processes, the problem of fruit abortion, nonphoto

respiration, metabolic pathways, and hormonic relationship. 

4. The rhizobial system must be examined for identifying more efficient host 

factors developed to optimize the
plants and symbionts, and the management 

total symbiotic response. 

Prodltclion Economics 
The economic factors involved in growing both improved and local cultivars 

of grain legumes under different conditions and locales require careful study. 

These studies will be particularly relevant to developing more efficient cropping 

systems and nev, plant types designed for those situations. 
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INCREASING PROTEIN QUANTITY AND QUALITY 

John F.Kelly 

Tile nutritional contribution of legunmies miglit be improved through increasedyields, increased protein coicentration,or improved protein qualif y. Depeudilw onthe figures one uses, a good case can be made for am one of the three. ieallv, wewould make the greatest improvenent if" we were to increase crop vield, polcillquantity, and protein quality. As ainlinintum, we should iti to illcrease anv O1the three without decreasing tile otlier txvo. Flach of these three I'actors isprobably quantitatively inherited (certainly for Viel). arid increased prolein levels 1refreqiently, but not :alwa'lys. atssociate..d Will decreased seed Vields, So it isUnlikely thalt maxiiltult yields, protein levels, and prtCin qIalilY Ca ll he aIchieved ill 
a short-terin breedin, prgr~ri.


Protein level of legumes are 
 inlfluericed significantly by etironmeni. Perhllapsthe best long-rarge study of protlein-envilolenlit ilteractolt has resulted frolmte U.S. Regionall Soybean Laboratory Unifom So\ybCn 'e sts (Anton.. 19 05c).

In several locations thier, is little year-fo-year varia tion within a vrietv.
ever, itt a given year, the locatior-to-location variation 

iow
for :,varietv is likely it) begreater than the varilili ill proteii levels amlong cliltivars il : givert test. Thus,in one 1970 test. Kent soyheans contained 30.3 pei cent pr tein at Siouteville.Mississippi, and 43.5 per cent :it Wasaw. Virginia. Simiully, IHill arid Md 614-429)cont:alied 3i.5 pei cent at Keier, Arkansas. attd 42.7 per cent u Sttttgarl,Arkansas. The varietal ucan for t WI) tests were only 37.5-41.2 perranges the 


cent, respectively. These localital dilfelences mie [tot 
 Ieralllitailftailled over 
several e.son:s. 

Despite the environmenltal inflijence, 0 wide range ot genetic differences ill 
proteit levels has been oberved in soybeans (31 io 52 per cent lAnon., IN0,5al )attd comlmotn heans (1 7 to 32 pe cerit). Conscious effotIs at beeding soyboalls
for higher protein levels have resuled itt release of coimrmercial varielies with upto 43 per cent protein. lecauise of the general tende;cy for high protein to beaccomllalied by low Oil, arid the demand for high-oil soybeas, iapid progress

has not beet] irade ill IcIhlieving IllaxihItIItl protein levels. 
The ilnporlance of' protein level in a legume is illrIstated hv tire dat; in TableI. The Pilncro lima heam exhibited the highest PIR of all Iha.cohis betis wyeassayed. bit because ol its low level of protein mlre than twice tie consutniplioll

of bears was rluired to give twice tle weight gain of tile Sanilac standard. 
Tine importance of altino-acid balatnce ill nuttilion has received less tlhan its 
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TABLE I 
Composition and Biological Value of Lima Bean 

% of Sanilac standard 

60
Protein 54ll!t/t
"lolal t-ltlhion bean 

Available methionine/j bean1 41I 

74bean
Total suil'ur/8 

42Aval',dabl m lhioninc/ N 

163PEqR (3 wee ) 

(;ain/' L Ituci (3wks) 95
 

220
(;Itaim Coii~nsed (3 wks) 

deserved attention by crop breedeis. The discovery of high lysine in opaque-2 

to change this. However. the search for better amino-acid balance corn did mutih 
in seed crops goes back many years before that important discovery, and small 

for severalvarietal differences inessential amino-acid levels have been reported 

crops (King, I964" Laitz, et al., 1958; Russel, et al., 1946; Tandon, c al., 

l)57). Until recently, ihese differences were considered by some to he unimpor

tant. For exampie, at file U.S. Regional Soybean Laboratory, 7rober screened 

most of the LISDA world collection of soybeans for methionine and found a 

1.1 to 1.6 per cent of total protein,ralge of methionie levels from most 

the 1.2 to 1.4 range. Like most legumes, and indeed like mostsamples being in 

plant proteins, soybean protein is first limiting in the sulfur-bearing amino acids 
con(Table II). 1xpressed as a percentage of total protein, the soybean protein 

tailis only 50 per ceit as much metliionine aml cystine as the FAO lien's egg 

terms of A/I- (amino acid/total essential amino(Anon., 1965b; Table I1). lii 

per cent of the hen's-egg level. By comparison, the respecacid), it contains 71 

68 and 79. Thus, a 33 per cent increase from
tive percentages for beef are 1.2 

per ccint it)1.6 per cent metlionine would result in soybean protein with a 

of beef. Such a scoring systei does not takechemical score similar to that 

availability and digestibility into considcration. Somewhat greater increases 

would be needed for the common bean. 

In addition to the variations in amino-acid balance, which can be largely 

range ofvalues has been report.-d fromattributed to varietal differences, a wide 

various sources. These probably are attributable in part to ,,etietic differences 

(Anton., 1970; Orr and Watt, 1968; Table IV). 

Probably witlout exception - it is the exceptions that we are searching for -

the first amino-acid levels requiring inprovenient inlegumes are iethionine and 

(or) cystine. It luiu;t be determined if these amino acids can be increased toc

ther oi i"it is more practical to concentrate ol one or the other, taking into 

consideration the itmportance of maintaintiniig the proper balance between them 

Vhat of the second and third limiting amino acids?(Shannon, e al., 1972). In 

a 50 per cent increase insulfurthe common bean, cow peas, and nung beans, 

bearing amino acids would probably result in tryptophian becoming the limiting 

amino acid. In lima beans, even a small increase in methionme or cystine would 



TABLE If
Essential Amino Acids (Percentage of FAO Hen's Egg) in IILeguminous Crops
 

Meth Phenyl
Trypt Thre plusIol Leuc plusLys Meth Cys Phenyl Tyr Val 

Common beans 58 85 86 98 116 33 37Broadbeans 95 94 8358 64 95 99 88 13 21 72Cow peas 69 686.. 77 73Lentils 85 102 50 52 90 8253 70 7780 80 95 23 28Lima beans 76 71 7559 93 88 94 104 52 57Mung beans 102 85 8646 61 84 103 107 35 31Peas 83 64 8167 76 85 94 115 39Cow peas (green) 46 87 91 7767 74 75 79 102 45Lima beans (green) - 96 - 7581 88 93 92 98 35 40Peas (green) 89 8652 72 69 8971 74 25 34 66 63Soybeans (mature) 5686 78 81 87 98 43 56 85 80 72 
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TABLE III 
= 100)Amino-Acid Balance in Selected Proteins (FAO lien's E, 

Comlon Becan Soybeanleer 
A/Fi ngm/g N A/F ngmn/g N A/E

mgm/g N 

81 I (10Isoleuclne 79 91 86 	 99 

L.jth 93 107 97 112 	 87 109
 

98 122
135 157 115 134LysilMe 

92 108 80 101
74 86 

87 100 85 99 ?H 9r 
"ltal ;romnati¢ 

Threonine 

Tloal S-bIarini" 68 79 36 	 42 56 71
 

68 86 106
73 84 58Trypl hhati 
72 9076 89 83 96Valil 
80 8687lo t €.t0ill iAl 

TABLE IV 
N) of LegumesRieported Raiie in Levels of Limiting Amino Acids (nm:/g 

('ilu11111 

Cow pea Chick peahtall SoyIcal. Pea;lutAitillo Acid 

28-131 53-114 33-1(1) 5(-119 34-106
Methioliic 

(ys:1n - 21-1(18 	 51-114 I1-106 48-100 50-94
 

75-88 45-)0 06-710 25-94

'fryptk.hati 32-1111 


-

213-388 25>175 142-3117 250-325 213-356

Valile 
192-356 2111-285 116-217 178-30() 219-263

lHirconine 

ls 

a 5(1 pet ccilt ilcl~ 'a.., ill stllilut-bl' illg a1llillo acids. and ill greell peas either 

o1 valine hecollc limilitg Will a sitilt increase. In several of the 

ilake Iryptplial fiisl-Itlitilg. In tovheaivatlilie becotmes limiling with about 

tryplophlha 
acid. Whether aly em l)hiisis

legumes. thn1collile is the Ilurd lifflitin amino 

the seond and third limiting anino acids unst d2peld upon
should he pul on 

lctltiolliflC and cvstine aind 
tle aillo)l of"illc,.ase tnat cll I e elected with 

1ih1tare ilorlilahly
111)011the allillo-acil Collpositiolof tihe ohel poleill solfCes 

tile legumie. It also 1t11v he valid fItliher l imlpoVe other amiio
colIlillled with 

Ib atter tlllsidCraacids (e.".,lVsil)e) aClteady p1t'Sel0 ill ailldllnce, Iased 	tnlo 

I ioll 

chlilge, ate observed itt one orto be ,lllSWCed whent 

Ile getes ihat 
n\11illpollif qleStiOll 

anlitto acids is how otier almitlo-acid levels ale ffeclted.lMte 
1heir eflf..c1 1111olgh lheil inluence

affect .llillo-aIcid palleltls pIloibly ohlail 

oi the strilctlore o1fa complete ploteill. Il'i the incleased level otf lysile ill 

ill other alltillo acids as a result of a
o0.ailte-2 CL-n is Iccotpatlied by cltallgcs 

diticences
reduction i'. tle ratio o lzeitl to glutehin (Mertz, et al.. 	 1964). Siila 
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in amino-acid colposition have been reported for ile various prolein fractionxs 
obltained by uitracentrifugation of' soybean protein (Calsimpool:ls, C1 al., !90"; 
Roberls and lriggs, 1965). The Iwo most abundant fractions, 7 S and It S, 
differ significantly in Iheir amnllno-cid levels. Cystine, itetionite. tIhteottinle, 
tryptophan. and glycine are low, in 7 S,whereas :rginiie aud plienylalanie ire
 
higher. There evidence thatl soVbean cultvars differ in Iheir cOlitenis llpro
teins (Larson. I(i7). Aiong coinion bean varieties we have found large liffel
ences in tihe levels of albuininits (8.5-18.6 ;lind
per centl) globuliil (9.8-Il) pr
 
celi). The level of nlictliioliile is geneiall\ higher il tihe globulit thain the ai i
iii traction. Maiiv fuiidainental sludies li1legunie prolCil IractiOis htIe fo[iled

a base for fuliici work needed iniilation to amno-acid balaice. 

OIir iltial eflorts Call be lillCL at ltaining a high chlicical score based upon
 
amino-acid coittetit, hbt tilt imnitelv we must aim fior illaxiilliil biological valie
 
for hlitilall
bcilits. Rallher Ilau 'pelldill-years of) iese:icliiand bhedilig to
 
iilI)rove anninhto-;lcid bilince. ('nv i biud Ihat llL:lifioial value lila.not he,';
 
increased lr-rliiinelv. the reeT t ilist Wllk closely wilh fii11i0biiAs,
 
lhysiologists, f'owl tccluiolotists, aid iliocleilIl,, \%.lio tlle, amei 1tile saillie 

trying to deteiinine lie laciis tha dive luixiiniiim hi0li0gical vAlue

acceplahiilil$,. dile"lihilii * .;liih bitilily. :1iud l.ullili/l',il 

If'legunile 1,oeIils aie Itoreplc, iew sislitule Io antilial proicill. tlte aiilial 
proleils slild li:ile ttuid:llt tlildlti sltotift to iliectli cI'iMp)arisoi th1c1 l he 

Ihlat ltwke1etullic piuleii. slotld be IlilnitCdll,IIheir owi
stalltlild. (llie lh. 

illerits :ilidth1iuse tleftcienicie fei1n1ih d It e esilablihlied d shiOIld be
o 'ilaihId , 
iiledC ill) by biai;nlljinut ile diel \ illi otlhei Ilolteitis IhitSlruntgh ,itiplpletientidliont.
 

It has ieve beeli eCl\ Iocliitv!cui/e Ile idel! hilotein. [he isk Olestablish
hig guidelintes Il ItEunitC-ptuleit liill imp ,ilit is likelyi to b eveit tic dill
cull, but we shmlild lie able to , at1t1bi~bleast Molile tiii i ltaiiidards, Ibased 
OilOlr clrrCi kiowlede. \ith Iliicienition of rcvisii tlhemt js we leat tmore. 
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PROTEIN QUANTITY AND QUALITY

IN HIGH-YIELDING BEANS
 

M.H.Dickson and L.R. Hackler 

Genetic improvement of protein quality an1d qrtantity in beans (1tasohisIulgars L.) andiother legumes is now assumning greater importance, due ini partto the "Green Revotintion.'" which has taken care of the immediate n.ed for 
Miore footd. 

,eartsare miaccepta le and widely used source of vegeahle protein, hi boillt
hiigter protein contenr t arid improved itrlirro-acid blarilce is desirlble. Recetly.at various locations tlhroughout tile Linitled Sttes, as well isinl oilie lcorItII 1,C..programs have been illitited 1t Sltdy and solve tIhese piObleIr.S. The firsl oPera
lioll
ill all cases has been to idelelily sorces ofl'high-plroein hears arid also beartswith higher-thait-average levels of desired amntio acids. At tie New York St:ate
Agricultural Experiment Sta tin illG(eneva we have looked at several of these
 
*acltors since 1967.
 

Results and Discussion 

L:'Iici'..r of nitro.gen uilizatiw, 
leleji (1971 ) cotmrpared P1I 179444 arid P 2298 15., low, ard high-seed piret.'iilnes respectively. fkmr their protein correiir illtie differctt plantt parts at various
stages (t' devel ipirlerlt. Tahle 
 I shows that tie leaves of tlre Votllrplaitr of tiehigh-Iprorein lille
\wele higher inN than were those it tire low-proteini line. bit ill
tire Iaturre planti tire leaves of rilelow-ploteiil litre \were almrost twice as high itt
N as in tire iili-protei litne. Apparentl' 
 in this pail ol'lines. PII 7)44 is irirchless elleie tta _08,15 itt tratslerrin u 

into the seed. These result.s are simitl 

1 -.~ nirogen (ut of" tie plait parts :sid 
to these I,0urrd ill wleatI (.othnsot, et al..19(6,), 
vhere varieries high in protein traIrslocate a hihei percent t l heir nirn

gell ron vegetative portiotns to tie grainstfire 

A factor that hall(ovalrieties low illpfr-ierr.may inflhince prtein colcenlratiot isfile Generally. P1'iel. 

179444 gave :ahigher yield than P1 2298 15. IFtllilrteit dist itllilli isinfliueicedby sink size (seed yield), tile latter line with tire sittaller sink shutld have more Nin tire vegetalive parts. This was iotl supported b tire ;ialvses made al'ter seed
began to form (Table I). Although tire percentage oflIlittroell if) the roots of1229815 was higher, suggesting that t allke 

PI 
is a F'auctor contribt,inrg to el'fic.ielr,

in N utilizaion, it appears likely that translocation is as itirportat. A 3.42 per 
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TABLE I 

Distribution of Nitrogen in the Various Tissues of Dry Bean Lines 

(Data are ex pressed as percent nitrogen on dry-weight basis) 

Plant 
Tissues 

2nd 
229815 179444 

4th 
229815 179444 

Weeks after nitrozen application 

6th . .8th 
229815 17944-4 229815 179444 229815 

th 
179444 

Roots 

Leaves 

Sterns 

I lulls 

Seeds 

3.93 

4.66 

2.58 

3.06 

4.45 

2.71 

3.39 

3.85 

2.54 

3.10 

4.09 

3.19 

2.77 

2.02 

1.12 

2.63 

2.56 

2.29 

1.18 

3.32 

2.04 

1.86 

.85 

1.08 

3.98 

1.85 

2.60 

1.05 

1.16 

3.27 

1.94 

1.38 

.81 

.77 

3.84 

1.73 

2.15 

.70 

.43 

3.10 
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Cenl increase in piceCnI protein octIIriCd with Ill 170444 when N was increased 
froln a hw level (3 g 'pllnt) to Iowhileo t high level (I" gpiit ). tihe itoridittg 
increase ill Pl 22)815 wa;Is llIv 1.17 per cenm (T:able I1). This lack of :I more 
noticeable illlease prohahly re'ICIS J 11ore0 ctv'lClie ptae Mid( tli;ilS0Ct.lliol
of) N I"lout tie veglellice , ils t) tihe seeds. 'hits. we h gl cI'lclitle that heans 
such :is P 2298S5 ar mtire suitable I'm Ill\%, N stlls whr;Is Il 171)-14. ;ith its 
respoise to high N levels. is m o adapted ll high N ;oils. 

Sources o.' Ihih-prolin Inues and inherilunce 
uIt.t (I ')7()1 obe.rved a wide anLe of p lcill content t differell \aiielies 

of beans (I 0-31 IVpr ,ceIt). [he nsilonll nl als so s1a1:1coulisirde'rable effect on 
protein conte tl(Siiuzli. I OP): Silbhel Indl. IP)7): Stitbe, et a!.. I962). 

hi ut studies (I.le ii. el ail.. 11)72) of' pruiti l ilitita tce. 1:1 seed o" tihe 
Il 1cross 1)) xNidI'1h ,. (h,\- hihl-poemn .lriets) Stowed lighly 

ielin , di1'lCiiiCCe, il lt ii Ilevel. hi coiltr lt. 1111C Vcll no leciplocal 
diftereices ill F. sCod l bl 1il). TIds iiidica:tIed thi:1 ihe ateriMIAl geitvl.V 
controls tlhe perCeiltae 0If sCt). protCill. bIt th:t the ab)senc of ' iCrocA LifIr-

TABLE 1I
 
Efficiency in N Utilization ias Rellected in Seed Yield,
 

Percent Protein,a l Protein Yield
 

(lernolyple 
N pl)liedt 

i, 1) 
Seed yield,
(/tni 

Ierceint 
to I,cin 

protein
ig/planl) 

Ill 179444 IN.) 1 .2 2.). 
0 22. t8. 4.20 

16 31.9 19.7 0.27 
Il1 229815 3 11.2 25.9 2.91 

6 15.9 27.1 4.29 
16 21.6 27.1 5.85 

I.SD) 119:1) 8.3 1.J) 
(99:1 1I1.4 1.4 

tc iniii ' 3pla ts, 

ene ill F .'eeds indicates thatl Inalteinal cvtiplasill does not itlftielce the crude 
ptoteiii 4l,plogenies. [hi cliuclisioni t el sailte is Sinli (I 909') repoleld ili 
suvhleaits. 

hic F: aniul b;ckcioss proicitieliudicme thathhllhi- inotin coittenit is reces
siVe. With hIrold-selISC heriii ilit\ co:fi , i1 4Q.." lh'i cmit ii owe:iiw-iilil ihi 
hneritabilily of 21).1 per cenill Ilblc IV). ()lhtr Pul iiitlililli, ili the silie studv 
shiowell biload- e se htriti failil \ of 31)- t Ol ccllt iiid iiiulic:ild that t.w oit) hll 

lajor geics were involved. Tlure, \%Cie nlo) clemi cvlles )I lll its ive segre
galion. allhollugh a few F, Ili.I exceeded ile ipn:l'liJ cXleniC. 

Rulger (I 170) and Tlandon. etl al. (I0t)hic v lle l ICinl-sectl vield' to) he 
negatively cirrele iled with) I ',ii pioteiii. ,illl i tiio i itils II elcii. et al.. 1972 ), 
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TABLE III
 
Frequency Distribution of Percent Crude Protein of Seeds of
 

PI 196760, PI229815, their F, and F2 Seeds, and Reciprocals
 

No. plants/class ot'% protein 
Pedigree 17.5 19.5 21.5 23.5 25.5 27.5 29.5 315 N . S.D. C.V. 

P 1967611 4 I 5 4 14 20.4 2.40 11.8 

P1229815 7 5 I I 14 27.1 1.33 4.9 

P1I 196761 x 
229815 F, 3 6 5 14 19.8 1.28 6.4 

P11229815 x 
19676011 4 8 I 1 14 27.3 1.73 6.4 

P1 196760 x 
2298 15 2 I 4 2 2 9 21.2 2.17 10.2 

P1229815 x 
19676110 F I 4 2 5 I 13 21.7 2.40 11.1 

TABLE IV
 

Frequency Distribution of Percent Crude Protein in P!169760,
 
PI 229815, and their F,, F2,and Backcross Progeny
 

No. plan is/class ol"' protein 

Peligrce 17.5 19.5 21.5 23.5 25.5 275 29.5 31.5+ N x S.D. C.V. 

Pl 169760 14 8 I 23 18.6 1.41 7.6 

P1 229815 6 8 5 2 1 22 26.8 2.09 7.8 

I: 3 6 7 5 21 21.4 1.72 8.0 

1' 4 5 8 8 6 22 21.1 2.03 9.6 

1:2 7 28 29 32 10 5 I 112 22.5 2.48 11.0 

n1c: 1 4 6 I I 13 23.4 2.64 11.2 

Mid-parcill 22.7 

SIlakcrlN tiPI 1697t0 Iickcross to P1229815 

llroad-sense icritbility = 49.3';: narrow-sense herilability 20.1'; 

the site obselvalioll was appareit , r = .446(Figure I). Ilowever. bean-sced 

yield alld g1oss--protein yield were posilively correlaled, r-- .964 (Figure 2). Simti. 
far resulis have been obscrved fo ceials (Giant and McCalla, 1949, Stuber, et 
al.. I902) aiid soybeans (Johnson, el al., )ercent protein and1968). Although 
sced vield were negalively correlated, theie was enough variation to indicale 
Selection for high yield; medium-high protein should he attainable and would 
probably be the most prodllclive course to lake. Stiber (1962), in wheat, like
vise found itwas p ssible to onibine high yield viti high protein. 

Generally, high-prolein liles contain a higher percentage of nonprotein N,bt 
this tneed not be, based on per-unit of protein nitrogen (Johnson, et al., 1968). 
There were enough exceptions in our small populalion of 21 lines to offer good 
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opportunity I7br selection Ir high-protein and high-amino N (lackler and Dick
son, 197?). 

Proiein qu/illy
 

Although beans are high in protein, the level of the sulfur-amino acids (AA) is 
lower than desirable ifbeans are to supply a balanced source of protein in 

coniiction wilh a cereal. 
Kelly (I 971) analyzed over 20,000 bean lines and established that there was 

as Much as a sevenl'ld range in available methionine, with the high lines being 
nlole lhan twice as high as Sanilac, his standard. Of these, ile Asgrow Bush Blue 

Lake lines wete at ng Ihe highest. 
Intcrosses of a low available-letlhionine liie (195-4R68) x Bush Blue Lake 

2410, a high availahle-melhionine cultivar, there were significant reciprocal differ

ences ill the FI seed (ILeleji, et al., 1972). There was no difference between 

selfted and :, seed when I15-4R08 was the female. but highly significant differ. 
ences bet and selFI1eet 'ed seeds of' B3L 240. indicating rvailable methionine 

is inlleliced by both maternal and filial genotypes. The effect of the seed 
gellovpc becaten ote apparent trotn tle segregation patlern of the F2 seed. In, 

the 1:1:and F,, the mean available :netlhionine content was between the mid- and 

low-pletl t, indicating paltial dtominance of low- over high-available methionine. 

I l liipuhlishted study off inheritance involving a 10 x 10 diallel,anotlica AA 
we found a cotisidelable number, biut not all of the AA crosses showed recipro
cal dtiflerences inlthe AA content of theCseed from the F, plants. 

In an analysis of 15 sulfur-amntto acids in 21 varieties and Plant Ittroductions 
(I lackler atd )ickson, 1972), there were surprisingly high correlations between 

many AAs, indicating an excellent chance of selection for more than one at a 

tithe: asparlic acid and glulatndic acid and inetlitliie were more independent 
than were tle otlher AAs. Table \1 shows the correla tions obtained for seven of 

the eight essetitial AAs; only valine and netlhionine, methionine and isoleucine, 
telhiottitte and threonitne. and isoleucine and lysine did inot show significant 

correlaliois with each other. It the same study of 21 varieties, each AA showed 
wide ranges in cotcentration. in some cases exceeding 100 per cent difference 
between lines. Figure 3 shows the scatter diagram of levels of niethionine and 

lysinue in 21 liles, and shows Ihe opporlinily for selecting for high levels of both 
AAs ittlhe saic timhe. Levels of N and AA were independent in almost every 
case. 

Conclusions 
Breeding f'ohigh percent protein itt beans of high AA quality will not be 

simple and will involve good cooperation between breeder and chemist. There 

lie several stages at which selection will have to be made: selection for efficiency 
in utilization of, available nitrogen, whether applied artificially or obtained via 

root nlodules: selection for plant e'ficiency in transferring lhe piotein precursors 
froi the plant parts to the seed: seleclion fot yield in cotmbination with 
mediutin-high levels of protein: and selection for high percentage of platt nitr)

gen as aminto N. At the same tnie, selection for high nmethionine would be 
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TABLE V
 
Correlations between Essential Amino Acids in Bean Seeds
 

Methio-
nine 

Iso-
lucine Leticine 

Phenyl
alanine Lysine Threonine 

Valine .24 .87** .66** .66** .48* .67** 
Methionine .17 .59** .63** .78** .30 
Isoleucine .68** .61"* .37 .44* 
Lucine 
Ph mylalanine 

.90** .64"* 
.73** 

.56"* 

.53* 
Lysile .60*4 

* and ** = Significa'it at 5%and 1%levels, respectively 

1.000 r 

z 
0 .900 

.800 

y 

r 0.78 

0.128 x- 0.025 

.700 - 0 0 0 

.600 
5.0 5.5 

I 
6.0 

I 
6.5 7.0 

LYSINE 

I 

7.5 
I 

8.0 

Figure 3.Correlation of m'llhionine and lysine in . /16g N for 21 bean lines. 
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to consider lysine, tryptophai, anddesirable. anid it also would be advisable 

threonine. Aniy new techniqtes permitting simpler and speedier chemical ana

lyses will greatly expedite progress: this is especially required for such a program, 

mos! cases the inheritance of'gross protein and indivi
because it appeals that in 

with the aid of' modernAA is po lygenic and generally recessive. Ilowever,dual 
This should improve

technology, these imlroVements in tle bean are possible. 


the diel of, those people whlose chiet sotirce otfprotein may be beans.
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AMINO-ACID PROFILES OF 
CAIANUS CA.1AN PROTEIN 

W. Vernon Royes 

clanuts ca/an is nutritionally ilportant It thie Caribbean. Geneticall y it n ay 
be regarded as a wild species. in that it is far fronm tile limit of its productive 
capacity ill all respects. Considerable variation Ior most claracters also exists. 
These are the major reasons for its inclusion in tile breeding pogrims of" tile 
University of the West Indies. 

Considerable progress has been made over the last twelve ,ealrs in a numllllber of 
agro-economic clarmacters. Very recently, protein qlantity and (ltlalitV halve 

lade their appeara Tice ill the list of priorities. The miaterial presettietl here was 
obtained while n:tstering tile techniques of analyting this plant proteitl. There is 
every reason to believe tlh:it furtlher relinement is possible. 

Materials and Methods 
I /lielwele grown a 

soil with a generally low nutrientt slatUs. This variety. developed :t tle ('11iversi

tv of the West Indies. has beell selled fo the last tell celeratlions alld geltelic 

variation is expected to be at a tnillittltln.Two pmtoildls (9O0 gralls) of:lllllnoli-

Tell pla s, ill two .roupIs l five each, of 20/22 mll 

lln sulpltate was applied to each ot the five pl:nls ill one groulp: tile control 

group was not treated. 
Mature, but green, pod, were h:vested trom all plants. The seeds were re

motved frol ltleir pods tand illatir ovent 105' fllo 48 hours.dried illiact i at 'he 

saniples were tlen pilveri/ed ill a sitinless-steel "Microtuill'" (Chemical Rubber 

Co.). The testas were not relloved. 
Samples for hydrolysis (c.200 Itlg) were weighedl into ;tIupules ald thdro

lyzed for 24 hours with 5-ml portions of' constantlV hoilinrg 11(1 (triple-glass 
distilled). The aipules were nitroigetn-tltshed before sealintg. One samtple was 
lost.
 

After hydrolysis. tile con siderable deposit ofl "hitluill" was removed by fillra

tion through l glass sinter (No. 3) and tile clarlied soltitiol anll wa:Lsllillgs were 
taken to dryness on aIwater btll (0()°() ill racto. 

For amililno-acid analysis, tile dried IydrolyslteS were Made upio Ill t wi th 

0.01 N 1(1, and ,).I m1l aliquot.s \\ere applied to a (10x 0.-cill antillo-acid 

aialyzer (ILocarte, Lonidont) columttn. Tlte collill iwas elilled ovel a pelriod of 

seven Iotors. using a systcn temodified t1ot that of Iin. and Morris (I 00), Will 
norleucine as intternal standard. 
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ic charts vere integrated mIailu.ly ard tlhe results comrputed, using IFOR-

IRAN II program developed for tileI.B.M. 1620 computer 
reco-Results are eXpressed as peceIrtage aiino acid o1" I(tutaminuo acids 

vered. Tryvptoplvu was trot estimated. 

Results 
.. cid nt'nlhe IsIIIs ot1'tie curtenIt :aalVses aiLd thIIose quot0ed ill 1ilfl') 

wtPojtcfhs hy the Ntiitio )ivision of the FAO.of IOorls and Illilgical DIuta (01 

lre given ill lable I.
 

"1lee are liostatistically sigiilairt dilterelces itlaillirr-acid conitent or lotal
 

plotleill etwecr tire two leatllellrls, except illtile Cas ot' tilerI.litetlirle. 
il tile I'lolNietiliorrirre constiturtet.S0.0 pelcelt of the ploteil samples 

or
pl+IIts that lId received 110 arrrrrtortiuirtr sulphiate, bit ontly (.05 pel Ctlli 

tlhose to which arlrlrlrrrllll sulphtle had bear applied. The dilfereilce \V:s Sl:tis
of p;robability. I laque ard Walrnsleyticailv significant al tile 5 per ceit level 

(1)72. ilpless) have "htowr that the flitroell-sillhur alio is a11ar beltel indicator 

of tie Slat tl,oltt ttiti lmrr thatln are sll,'r v:ires by themselvc,.,. Tire :ruount 

rrlultiert applied illthis case is verx iigh. The ,:tedenicy ton leutries to displayof 
sulil Illav llve lres lted illI geet Colllsplioll of rlitlloet ll1 o 

distibed ritog.el aird srrlfur trlabolisir. Tris led to line peCSi, lesitt. which 

was tire olrsi)tLo t ltt L.,, 

l t xrIV lir 

ILc.d. 

Becrrrseo ti lrelow level o1foccultricc ot tre,tllioille mrrd tie ease wilh which 
irr prloteirt.it, cC'lI,- itit is oxidierd. techrrlical dil'iCrlti..CS ariS i rri rwtil,-pI 

tcltors lird t tt'licint.l, t rrll rr. this. to erUMrt Itlld.,ddiliorr. these two hirilr c 

titer witi tIre low level olf slalistical siiie/;Ii',. ,tro l.,u'ests tlhl mrrch 

required betre ConIrl,-\ ,,tdl'.i_0xp)lrtatiors cart1 more reliable estimlates :arc 

be fotrnd. 
lhcle ale, however. highlv sirzniiicallt dilfelrerlcs betet thatl tile I per Cerli 

(t by FAO.Mrd tlh.,L ditlieveli ot prtrlrabilily bCweert tie ctrrert protil s 

Tire valures for vaile arid isoleucil e :arc )otrh 30t per certl highr itt tire Cnll lt 

sAllrrples. ard tiLos. lt pirerryl:ianite, histiditle at0 30 Ilentel. 50lvsirCr. atIld 


per celli. and 17 pet celli hiihi, respectively. it tire salrlples quoted hy iA().
 

I IraVe lreCrI 1t deterite tire iethdod
rItbAle itsdllrlirg usNed by lie worker 

quoted by FA0. arrd tire differerrces rrav be tire resull ot tie traterial hraving
 

M,1 of tire
Ireell sattnileld tldifl'Cret stlgCs of rtlattrriy rto tlre ptCSeUC,Or adhserrc, 


testa illtie s:ttrtple. I loweveI., it ly nrpitliort. at Iest l Irrrjor I'rliotl of tie
 

diilTerercCs :re die to varietal differeilces.
 

It sihorrd be noLted t1:1t tlre proteitl levels are similar. Critical colnl:lisorr
 

wotuld, Ilowevel. ie ruraise. becatLse rMuch Stricter tlttettiorl wruld I1IVe to be
 

paid tr the mristrre Conttert llitsIrrrpes. Itlalddiliort. tire teltod dres trot take
 

intt :cctnt tryptrplratn. wricI is destrVe.id, t ,MideIlitrogetl, becturse total
 

proteill is cutllprte,.d 'lrtt tile StllrrrraJtioll t"arltrirlo-acid residtles.
 

Discussion
 
of lysinte IHowever.
observed. tlhat is tost ettcouragirg. 

thall poitt out the pr.ostate ol knovledge. We rreed 
Of t;-.differences 

these results do little rrrrre 

http:destrVe.id
http:ritog.el
http:mIailu.ly


TABLE I 
Amino Acid Profiles of Caianus cajan Protein 

Current Data FAO Quoted Data 

Amino Acid 
Na (NIl , ), S04 

Mean of 5 
2 Ibs(N1 4 ). SO 

Mean of 4 No. 
Overall 
Mean 

Coeff. 
of Var. No. Mean 

Coeff. 
ri Var. 

Proline 
Aspartic acid 
Glutaimic acid 
Tlhreonine 
Scrinc 
Glycine 
Alanine 

3.34 
10.62 
21.80 

3.92 
4.40 
4.26 
4.80) 

3.83 
10.55 
21.67 

4.15 
4.27 
4.12 
4.911 

8 
9 
8 
9 
9 
9 
9 

3.5 
10.6 
21.8 

4.0 
4.3 
4.2 
4.8 

21.0 
6.8 
5.4 

13.9 
I(.1) 

6.0 
8.A 

7 
7 
7 
7 
7 
7 
7 

4.5 
10.9 
21.3 

3.3 
4.7 
3.7 
4.8 

8.7 
10.1 

4.8 
4.3 
8.6 
3.8 

10.3 
Valin. 
Ilsncucinc 
Lcucinc 
"'yrosinc 
i'ilen1.ala nine 

5.38 
4.62 
8.18 
2.32 
7.26 

5.42 
4.67 
7.87 
2.1I8 
7.17 

9 
9 
9 

9 

5.4 
4.6 
8.1) 
2.2 
7.2 

9.2 
5.0 
8.1 
6.5 

13.1 

7 
7 
7 
7 
7 

4.1 
3.5 
7.2 
2.3 
9.4 

5.2 
4.0 
3.8 
4.0 
6.0 

I.yLvnc 
!listidinc 

6.08 
3.68 

5.35 
3.40 

9 
9 

5.8 
3.6 

9.5 
7.7 

7 
7 

8.7 
4.2 

5.0 
5.7 

Arininc 5.62 5.50 8 5.6 8.0 7 5.5 4.7 
Cvstinc 
Methionine 
a,; Protein ; dry w. 

0.40 
10.86 

17.94 

0.89 
0.50 

18.60 

4 
9 
9 

0.6 
0.7 

18.2 

46.1 
27.1 
6.6 

7 
7 
7 

1.1 
0.6 

20.9 

18.0 
17.6 

-
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to know the relative worth of e.sta and cotyledon to assess the vale of split 

peas Iroul which the testa is removed. We must determine the changes that occur 

il the quality and quantity of' proteini as fhe secd matures to detrmine lithe 

relative mutritional merit of the green pea and the less acceptable dry p,,'a. 

Th results also suggest that no gross differences may be expected l amlino
range o1" nutrient statuS found inacid prifiles or total protein over the normal 

econtomic cop production. IHowever, this should he determined with greater 

cel lair iv. 

TIe rane of' variation that exists in the germ plastn and the relevant heritabil

ities should he estimated bel'Ore fair-reaching decisions are taken otn structue ald 
It should also be itted that the advisThbilily of"methods oI' a hieedi g program. 


seeking higher total protein and improved (higstibility at tile expense of 
 ini

p'-oed amillo-acid Constitution may vary widely I'rol region it) region as the 

level o1 proleii supplied by animal protein varies. 
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BREEDING FOR PROTEIN QUANTITY AND QUALITY IN
 
FIELD BEAN (VICIA FAIIA)AND BARLEY
 
(HORDRUM VULGARE)
 

L. Munck, E. Holmberg, K. E. Karlsson, B. lifilvist, and J. Sj~din 

Programs for nutritional improvement of pro telinia br!cy ieldand heall
 
were started in 1961 and 1967, respectively, ill
Svalof and liwid. Both crops are
used mainly as animal fceds inSweden, unlike the Middlc FIastrn and Mediterra
rican countries, where they arc utilized as htoman floods. IlIIlie Swedish b'hlley

program, 
a broad spectrum ol analyses was used in inventonries to estimate howbarley was grown, treated, and utilized, stressing the nimtition i aspects (Nlnck,

1972). Screening methods were developed 
to estimate the rtitriliotial altl'lllVthrough feeding tests with mice. A screening nethod (or basic amino acids md
lysine through dye-binding (D3C) with acilaIC-0range dye was ilitoduced (Moss
berg, 1969). [romn this experience, a tentative developmental program 1*or harley

nutritional 
quality wau i-:,sed. It considered measures to prevent deterioria
tion Florm moist harvest weat icr, and 
 emphasized the genetic improvemeent of'
the barley plant with respect to protcin qtuantitv and quality (Mutick, 1972).


Field bean is a marginal crop ilSwedetll alId displaV 
 a l ime o lnialtira
tion in the temperate regions. lEarliness of high yields is rte.arded as the key
factor of the breeding program. Screeniing mtIliods were app1iiCd to study the
effect of selection in a genetically variable material. As a model, 
 thc p1(Ssil)ilitV
of producing protein isolates fron mntretaed Legumiosae seeds 's ilnvest ia
ted, comparing held bezm 
 wi!h soybeanii and chick pea ('Ldfqvist and Mumick,
 
1969).
 

Improving the Crude Protein Content in (lie Seed 
For malting purpose, barley breedingin Sweden has been traditionally directed 

toward breeding for low-protein content (N x 6.25). The present range of'protein
content in commercial varieties is 9 to !2 per cent. Environmental influtences 
seem to be more pronounced than variation due to variety. Our presentexperience indicates that stable increases otfprotein content to the level of 14 to 
15 per cent might be obtained without affecting yield. Whell selecting for still
higher protein levels, an accumuhttion of lines with low slach synthesis and
small seeds will dominate. These lines also display a low ploteii iprndut,:ion and
therefore are worthless. Evidently, yield Itnst alWayS be considered, espcially ill
breeding programs or iillprovtCd protein quality.

In tie field bean, selection for low and high crude-protein cotlent was performed during three consecutive years on plant-levels in three diteretnt popula
tions. All the populations responded to he selection and !ie data obtainted in 
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197 1 from l e of these are demonstrated in Figure I. Seed size and olier yield 
parunelers were not significantly influenced either by the high- or tile low
prleill seleclioll. 

Improving file Amino-Acid IHa anee 
In barley, :il inicrease of crude-protein content - due either to variety or to 

fertili/er most oftenl iesillts ill a decre:,sed concentration of essential anino 
aicids. such as lysiiie. in pelceullage of protein. This is well known and is found in 
all c :reals except oals (Millick. 1972). IHowever, calculated on a whole-seed base, 
esselilial amino acids (',') do increase: from a nutritional point of' view, this 
illdicales all impllio eellilt. 

Il tile field heaii, we fou1ld a pronounced efTect of selection for high- and 
low-pioteitl Contenl ill ile seed (Figure I). Ilowever, it we consider the contribu
tion of alillilo acids to tl difference in nitrogen between "high" and "low" 
lines, arginille displays a very high increase, whereas the important sulfur-amino 
acids are almost at "nil'' level of contribltion (Table I A). In barley, similarly, 
aillloltlia, gllailic acid. aid proline are highly increased, whereas lysine, threo
uiiie. and the sillftr-ailo acids show a low level ill their N contribution 1,- the 
total N increase. It is obviots, especially in field beans, that the plant breeder 
must consider if" it is wise to select for increased crude protein. Tile meager 
efl'ect o1"ilcreasilig pmteiu conlent, as rellected iin the sulfur-amino acid levels, 
was verified by Adams (I 972, these Proceed ings) in Phasolus.These considera
tiotIs sIotILd be extelded lo oiliei legumes. The unbalanced amino-acid patterns 
obtained with itlcrease'1 protein content iln barley aitd field bean are the result of 
illcreased prodtuctiot of storuge proteiis with specialized amino-acid composi-

Ill barley. the I)W imeilh..)d :as related to Kjeldahl protein was used in the 
World ('ollecliom is a screening method for cultivars high ill lysine. A high-lysine 
gene (Iys) culinpamable with opaque-2 and iiourv-2 genes ill maize was found in 
the World ('ollection (Table I H). The niew barley gene also displayed increased 
couiteii of, olhier esseltliad amiio acids (Nitmck, et Al., 1,70). Im Figure 2, it can 
be seeii that tile recessive vs gene segegates with respect to (I) D13C (mmtool/ 
I6gN) and (2) lysile (,./I (gN) conteIt irrespective of'crude protein content. The 

Iv." geie! llus replesents all example of' a deviate frote the "naturai law" of the 
negal ive ccrrela tion bet weei essential amitto acids (g/!6gNIand crude protein 

Il leglilies, alt increased content of I'c'sine inight b)e advantageous, considering 
their ust, in mixed diels will cereals. We therefore tried to use the )1BC method 
for. selection il two years. I lowever, it was cot possible to obtain a selection 
respoilse' with regald to DC (mmol/IgN). This may be due to a variation of 

high-cmolecular proteill ill tI le aalyzed material overlapping it possible variation 
in b:asic aituilcc-acid contelet (g/l (gN). as suggested ill Figure 3. It should be 
realized that the acilane-orage dye at phl 2.5 precipitates proteins in the meal 
suspension. and the subsequent decoloration is measured in a short-path, cuvelte 
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TABLE I 
A. The Amino-Acid Contribution (%) to the Varietal N Increase 

inNormal Barley .ind in the Broad Bean 

Amino-acid contribu lion to N increase %
Amino acids Normal Ilarley Broad Bean
 

lys 2.4 4.4 
his 3.2 3.4 
Nil, 21.6 7.4 
r'g 6.5 41.2 

cys 0.7 0.3 
met 0.8 0.0) 
glu 17.7 7.4 
pro 12.2 3.1 
N recovered as
amino acids % 93.0 92.) 
Protein (N x 6.25) 
increase g/lI OOg 6.4 9.11 

B. Amino-Acid Composition (g/16gN) of Normal Barley, 
High-Lysine Barley, and Broad Bean 

Normal Barlcy Ili,-h-lysine

Amino acids Cl 4362* Barley (tliproly) Broad lean
 

lys 3.0 4.o 6.3 
his 1.9 2.1 2.7 
NWi, 3.2 2.8 1.8 
arg 4.3 4.8 10.8
 
cys 1.9 1.7 2.2
 
met 1.8 2.0 1.7
 
glu 25.2 21.7 17.9
 
pro 12.8 10.8 
 4.7
 
protein % 17.2 17.7 
 33.8 

*Regard as isogenic with Iliproly, with the lysgenc as maiJor difTercncc. 

coloriniCter. LUw-miolecular peptidCs, etc., tht cotain basic gi ops thus are 
not precipitated. As shown in Figure 3. the percentage of higlh-niolecoIar (C'rA
precipitable N) isvery well correlated with I)1(" (mmnol/ I 6gN) ill three field bean 
varieties at widely different slages of devehlonctl . It IItlIst then be stressed that 
the DBC m casnrement could reflect hboth a rise ill high-molcctlartprotein wilh 
increasing maturation and : variation ill Iasic attlillo acids in this proteil. The 
DBC method could conse(ttCntly he used as a screening tool for high Contelt of 
basic amino acids, provided Ihal the stage of naluration at harvest is well de
fined and equal for all samples under comparison. 

Concerning the sulftir-anilotacids, no convenient screening method is yet
available. lowever, we are Irving to develop such a method. based on a micro
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low (stripedeltect of three years' selection for lugh (black co luun.) :iandI iejjr. I . TIhle 
coltmns) criud-proIeMin (N x 6.25) content in field bean11s. 

g/160 N 
[y.-n 
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j (N * 11)1 .. -.. 4. 4¢l 4N*i 2114. * ,]_pO44m 24) 2 __ _ ...... . ... L . 
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Figure 2. Segregalion 	for (A),dye-binding I mm l acilane-orange/gN x6.25) and for (B),
 

phlns from a cross between Iliproly x normal barley. Dots 
= normal
Iysinc (g/l 6N)in I)F 

Iysine segre!ants oplen squares = 
higb -lysine segregaitls. 
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30 	 ,__ _ DBC_I_ 
0.6 0'8 1.2 1.4 1.6 

FiLurc 3.('orrelaliijn between Peric'nrag, hi- 11-11retcular. "CA-precipiatl N rid dy,binding ( cilane..raw-le/,N \ 6.25) in broad hean . 

colorimetric litraition procedurl-. The rieliod is hased oil ire possibiliv 	ofestablishing a correlationr hetween organic sulfur aind suIf'r-;mfirrr acids (Illethi..nile and cystie) il tie legurire samples. The Capacity n file equipirermt is ill fIleorder of 10 analyses per hour. The seed irm'al is pyrl *sed if) rer aIvdlb.l..sphere a1 550 (C. The pyrolysis products are 
ier 	

the reduced I h'drogel sullfidea platinum 	cataly'st at II50( . 'le generared sulfide is therl tilatedill acolorilmetric cell. lisin! 	 silver ions as titrant. Ill ider t) avoid h1ri 	 i.lt'cicc trInilhydrogen cyanide and vlatilied inlirr2aric slfll'ur. certail it reatierIts of lIfesamrples had to he uderlaiken. So far, we have oflbtaired '.Iod cocrrlatilr 
tween iirl-exchraie crrnhrairalgrllphy analysis 	

he
aid tlre p)vrirlvsis lhetlind. aidpreliminary seleclionl was rirade 	

a 
iii sprig. 1)72. Analysis of this electil istunder way 	at the momeirt aid will give iridicaions cocerlirir tie applicabili tvaid va1lidity1 Of fie method aIswell as tile pnissihility ni selectilig fr siiill-iii 

arcids iii field bears. 

Nutritional Quality and Toxic Substances 

The increase ill lysirre in harley was caiused by life doublilng li ihuirirs richin essential amrinro acids (Minnick, 1.)72). lhis was reflected it imnproved nitrngenretentiotn arid NPU il Mice arid rals. The availability (.f lysine iii cerealsespecially poor, 	 is as shown iII experirrents with rais 1111 swirre. Reshilts indicaledhal tire increased albuirin level caused by fie lys peie is available iin barley 
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TABLE !1
 

Nutritive Quality of Broad Bean, Chick Pea, aiXd Soybean Protein Concentrates
 

and Unextracted Residue Fed to Mice. Methionine Added to 2.5 g/16g N 

Dietary crude Growth 14 (lays Consumed 

)iets protein % g) protein (g) PER 

Protein concentrates 
6.7 1.46Broad ean I3.8 9.7 

II .6 6.5 4.8 1.36Soybean 
5.4 1.92Chick pea 11.8 11.3 

Unextracled residue
 

Broad beat' 9.6 6.7 4.1 1.61
 

Soybean 10.8 I .7 3.4 (.47 

3.9 3.7 1.07Chick pea 9.3 

plants 

.1 1971 

I i, 
- 5 6 7 hu nvicglitiie2. 

Figure 4. Selection for high (black colmns) and low (striped columns) hemagltitinill 

Ctontent tit) eIld beans. 
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I'mt wtt(Munck. 1972). Nei prolcin titiliz:,tion r ,sa similar for Ivs barley and 
opaque-2 miaize (l 10p,!,trnt.1 72. person:l comnitrica:lio). 

The Ittoteit-e\aitation problen is tintch llote conlex il leuiles tlian ill 
cereals. bollh bc;Iuse o1 ColnsideralionS 01' allilt-aCid COlltl1 atnd availabilily 
and te et'lets cainse'd 1. widely dilferhir, toxicants. This cat be exeimpliled by 
tile disease favisir in i. re'sulting frot fite ingcestioi (itI'icillila. Only' 
cellaill venettyios alc Sellsjtavc. and I r iteJsC IS ntt teproLduIc"ahi in labIora
tory animals. (ollscutlell toxic was COllsid"redthis "'actol ot in our field
heart breed in pnpwan. 

By ritltans ,l'potein isoia)tui ili tmore ot less putre tt i., othi deleteriotus 

Sulstl)aICL'. could Ibeliriwaled. lhie rev'sponse witih labolratot l aninals (llic,) Iled 
,Ithole-seed lteal. trol+il tisolate. antd residual II:lctiot1 (obtained tlel prloeil 

SOhLIIili/;:Iiofn} Colld hC tISC'dlutoLcu' toxic antd ;It\:thil4itly hg'gull1C.ellfects inl 


and to ocali/e theto itodilie ,.lowliactionts. ThuiS. unoiseeg.owlh INequ:tlly hight 

whl te, atnnurals are "ed the three kinds ot' field-han diets tiitirIII d d'bv, 
with illethimlnitle Suplletentationr. ThIlltlttacted pilein liactiotl ilichick leia 
displays a low plerfto+rtiatce whr cornip:rd with Whc seeds ard the lrowhole 
leirnisol:tte. [his is il c tt't st itfite so htcl l. itl hih flte isolat, is suipetiot to 

Ioth whole soybe:anr andI tItexttIa,,ed sOOhe)CM l,0,teitt. I'th With Ittlthiotirie 

Stlupilem entanton. Ihis istiltLrateS itttjn cC.ed trIltliiolltl LttillaI.tlt(l1t all obtainted 
thrtughtpiotteiithactiounitiit. shOv.Wn ill ldC.' 11IMlIiithriTe kimls iIletltines 
( .ltle:. tro i \vhtoh..;S,,.dal 1it1 t heC I).ti pl' d.,, 

Lven it.in itticC stUdiC., liti lrrittnA quility f vhle hu0l heart isas 
gPtUW aistitat of its lrtocint Ctoceit Iral:t. we avh eent looking at lie vataliotl in 

IcrtIglattt t,rS and 'antltrtpsis hive succssIttl in s ltclin tIn+oWe Kerr high
and how ett~ltirirt contnt l(lFiguie 4). 'We hiv' vet It si, il th 

ctnsidherable ditlientcc, ubtaiined Mill be et'ctd'l in the luh',siology of animas 
fll eXlrell' "high" and OW" d'ts.. 0ti re.slt' With ti',.Iiti' ithilibilOts re tiue 

lificult to ini..erfr,,..\ Avtiaiurt inlltruutlo!tuuluue (t hitese ls scerilst inlietl.re 
Withl t1.t t,._litN anid t0 tuuu wlu phlIInts witheXIractiut 11Lte. this leadS \Aihts 0 

bard seeds. 
[ron the ctpthrliSott I)snWtt htitlev :nd btlu:d hCart. it c tld be cott,.lded 

th:t it1rther selectint int legumes lotr hi~h cutlieni flstnllulln-anin acids (g!IOgN) 
,
at a high1 level fl'MrudLe piutIitl itt l1CseCed Shunld be u)l'ital, .lIl a, high 

lysine (lys) haly.which \,Is obltaited by selectint. deviales lrtll ft f tlegalively 
corre atel hvsite gi I gN-c udt I leitl illntiuttilabarley. 
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THE AMINO-ACID COMPOSITION OF VIGNA UNGUICULA TA 
(COW PEA) MEAL IN RELATION TO NUTRITION 

D. Boulter, I.M. Evans, A. Thompson, and A. Yarvood 

Cow peas aie :iii imiportant palt tit fe diet ,1"Ilans West Africalns and a 

considerable literature on them exists. Rahide (these PrOceedirlts) lias oullied 

the reasons why V'na rmn'ric'uata (cow pel has beenichosen as one flflhe main 

legumes of the legumie ,rain.improvenrlt program of the Ilitternalimal Institute 

of Tropical Agricuilture. lhad:in. Nigeiia. 

Althotngh it is reali/ed thait the first piority in the cow-pea grain iinprowe

iniit prograi is ioincrease yilds, picsumably Iy controlling pests and dise:ises, 

nevertheless, itis :lso fell Ihal anl altelirpt sh1otild be made t1 increaise the 

concentration (it prl tirl dontdr its pJrL'01otlage ot sulfllr-anino acids. sice it 

would appear that tlh. se ioillo acids ii'limiting froim a nuliliollal viewpoint 

(larvey. 10 70; Sell Nhip. 190 2). 
lncleasii2 tlie 1"COW peast r l)lIlillplrileill content Wo\1iil "'.%C110c 'ili/'rthle 

per area ctultivated, arid incr:tsing tilte slirr-aino acid collilell would irrltiroc 

the percentage ot" pol-l,! ii ,l,iiCealh ivarlable per given weight oit neal eaten. 

Oil this basis. a cooperausl\e pit ga:n it wink has been instituted by tIhe lBolaliy 

Deparltnient. nlliversity of )urhain, and lire lnt<,ln'iiatio l Illstilute o Tliopicail 

Agriculire at Ibadan. This papei sels t the dCveloplneli tt (1t idais :111d giVs 

SOtine pi elillliiialr reSlts. \Vhile t 0Crete r tohiCOW pea in West Aftic.il diets. 

they ae of venteral inteiest or leuillle n_,airr.iieru'_rr t plgritri with illlier 
legillnnes tor oitlr i'i . 

Betiie we c ild allcitll thio (Ict ltic ti l l IIIiiolri l stlli i tIr,f cil p11i 

ile, l\witlh a view ilt i r1ilcrierli. it Q\:iN ssarvtV stistl oliiscilves tliat mhl 

abut ll Lc 0is r. fit Siliilltiri Ill Alricia. 

becatuse co%\ i)l:i, a lilt altell ahl e hi ia, : "illilrir" ll t ot Ire diet. fHirls, 

the f t. ttat cosw peals i1lght l. LcniiC~Ir Ill Sllfiir-iiio ,iclrI ssild be irrirrr

portail it thev were pait ot a diet thrat %,s ilt sit defici ll i ver:ill. 

The staples us.'ed irr Nierian diets ire: ( I iiugliirlr aird linill'is; 121 Vailns: 

thing founid111I O :I ':rrnt IIl' West 

(3) cassava: (4) siureirnin or nmillets ard vairs; 5)1ns amid cassava. All it these 

ineals have tuchil ower c irctiilrat ils if piIrCili 11rr i' cow pea. especiilly 

yams and cassava. lhe root cl1ls, yalls aird cassva. also ale deficienrt in sltrir

amino acids. The sorghtlillS atid rllillCts ale trrargiriall sitisf:itlorv for oittlhin

nine but are low ill cysitile ;rild leicienl ill I\sitllC. Ahlllgh Ihle ha.ive I)ert. n
 

aniro-icid cotmipositioi delelillit ll i lt1 diets tlhenISeles. itd diets Vary\ titll
 

area to area (Nicol, I1950: .Iohnsin, en al.. 1)91): I latick, 1961: (Xllis. ei al.,
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1962), it is likely that areas in which cassava, yams, or mixtures of these, and 

aicas with i sorghuml or millet alld yal staple, will be deficient overall in 

strlfrr-amirro acids. Where sorglrullr alrd millet alone aie the staples, flhefirst 

limiting amiio acid may be lysinie rilher than the sillfur-alilo acids. At present. 

most areas use ilp to 5 per cent legumes (usually mainly cow peas) in their daily 

diets. ILegimes contain a1much higher concentration of protein than do the 

Ihreil than adequate ilits lysine content andabove staples, alid protein is more 
ill tire olther essential amino acids, except for the sulfur-amnino acids and trypto

phall. Thus. although legumes represent only a small part of" the diet, they 

couliltibie sigtificoily to tile protein requiretmens, increasing their conitiibu

lion p)biably leplesents tie easies' \way to icreease tire prt!eir concentiliol iin 
tie percentagea diet. Ilowevel. this aioie would be of limited value uirless 

of sulfrll-aililio acids also waS inIcreased, as illinost diets these aimoillO acids are 

:ilheady lirrriting.tihose are:rs lysine is likely he critical, it may beIl where to 
ilecessary ttoMctease cOtIei1s of both siilfrr-:rillt acids aiud especially to avoid 

iIcreIasiIIg Ile Cirtlel of one while, at tire same litre, decreasing that of' tIle 
olthel .
 

"hel ie three differe,,t apprnncies. theil, tnndiet irlnprnveient il tins 

respect: 

I.Supplemnrrtation wiil silf'ut-airiiio acids. 

2. ('liging tire pnoptn tions of tile diet components ard. if necessary, adding 

lew Oles.
,I3.hlpovitir arrrirro-arcid piofile of otie conmpornent via ibleeding pro. 

g,';illi.
 

)ata ill Ire lielaire are limited, so it is riot possible itodecide unequivocally 

whiich of" these three appro;aches is tie best arid. in any case. differelt solutions 

may apply it different regions. It is probable, therefore, that all three ap

proaches should be followed. I lowevei. latgely for socioeccnomic reasons, it was 

agreed to excIrIde tire first :appr1ach, as this requires (a) prtnuictiont of' tre 

necessary airino acids or their purchase: (1b)their disrribuion; (c) satisfactory 

ard acceptable addiliol of thein to the diet. 
The second approach requires the establishnent of typical daily food intakes 

amnl tire deterririrati,.r of, their ;mlilio-acid corriposition. as well as that of their 

Comripolneit parts. and then cranginrg, as necessary. thleir relative pl)p,)rtio ls in 

tIre light o1local ecnr,'miics anLd socidl practices. 
The third appimach is being pursued ,ytie International Instilutle of Tropical 

Agricullme. Fur its success, it requires the establishmlient of screening metiods 
fior total prIoteil anid silflll-airrirno acids that are salisl'actolry 'or tise illbreeding 

progi anus for improved grain legoues. We have already ref'erred f0 the reasons 
for tie initial choice of'cow pea. rather than other legumes. 

('ow.pea varielies with improved proveir-aminno-acid profiles would also be 

iirportait ill amrroruntfeeding psfsseaned infants. w,,here tile of food comforta
by eate is1rot large. ThCy could also play an important role illfeeding the 

grOtving urban population, especially because that populalion is cut off' from 

incidental protein suppleument by leaves and small animIals of' the "bush." 
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Results 

I. Nutrition 
The amino-acid composition of cow pea var. "Pria" meal is given in Table I. 
The quality of cow-pea protein was assessed using the Thomas-Mitlchell proce

dure for Biological Value. tnsuppleet ted cooked cow.pea ineal was assayed, as 
well as cow-pea weal supplemented vith (a) L.cysline Ip to the level of I.
cystine found in a standard egg albunet: (b) L.-cystein and L-methionine up to 
the levels found in the egg albumen: (c) L-tnethionine up to the combined levels 
of L-cystine and [--methionine found in tie egg albumen. The results are given in 
Table II. 

TABLE I 
Amino Acid Composition of Cow-Pea Globulin 

and Meal (g Amino Acid/I 6gN) 

Sealed iube Reflux method 
(;lobulinl Prima meal' Prima meal' 

Asp 12.48 9.65 10.98 
Thr 3.56 3.47 3.65 
Ser 5.92 4.89 4.79 
Gtuh 19.03 15.60 16.06 
Pro 4.33 3.28 3.80 
Gly 3.24 4.1 3.98 
Ala 4.19 3.81 3.99 
Val 6.36 5.09 4.81 
Met 1.57 1.40 1.12 
Ile 5.37 4.46 4.17 
Leu 9.23 7.47 7.30 
Tyr 3.91 2.86 3.35 
Pile 7.93 5.05 8.04 
His 3.11 3.06 3.04 
Lys 6.61 6.27 6.58 
Arg 7.24 6.36 6.69 

CysS 0.40 1.01 1.88 
Try 0.794 0.85" ().854 
g/I 6g N, 105.17 88.59 91.07 

Duplicate analyses were performed at three different times: 20, 48, and 72 It. Values 
for Asp, G1u, Pro, Gly, Ala, Met, and T'r, are average values of all determinations. Ser 
and Thr values were extrapolated t) zero lime assuit ! first-rrder kinetics (IIirs, et at.,

1954). Values for Lys, Ilis, Ar,, Val, Ile, Lef,trod Phe are the maximum values obtained
 
after 72 It.
 
2Vilues on the :avcrac of three analyses. Reflttuxine was carried out under N, for 24 It,
 
as described by ('avinis, et at. (1972).
 
'Determined as cysteic acid after perfortnic acid o.\ idation.
 
4Average values. Figures for tryptophan using Ihe methods of Ilorn and Jones (1945),

Villegas and Mertz (1971), and Spies and Chambers (1949) respectively were: 0.61 ; 0.79. 
0.98 (globulins), and 0.70; blank; 1.00 (ireal). The method of Villegas and Mertz could 
not be usd with meal. 



208 

TABLE 11
 
Mean %True Digestibility, Biological Value,
 

and Net Protein Utilization of the Five Test Diets*
 

Net proteinTrue utilizationBiol. valuedigestibility S.E.S.E.' S.E. 

99.52 i 1.85101.72 2.5497.87 0.728A lb. 
50.60 1.8358.17 ! 2.3187.04 0.70('nW licmeal 

( tnistptl~iiii.en ted )
Meat + cyIlie tt) 90.48 2.88 80.26 1.87 72.47 0.94 

Meal I cy) lO :11d 82,12 1.0"794.61 1.26.86.80 -0.47nlethioninl (hi 
81.46 0.8795.84 1.45

Meal ninthioninte c) 85.03 t 1.16 

and G. Simnpson at tile Department of• eelct it I ",Coti ucted by A. [hoinpso 

,\t~ricultmiral ltioch~tnisi rY.Un."Iivrsity of; Nwv-ttle Uit)1 Ty ne.
 

2. Screening 1leti J/s 

(a,.) Total Proteil: Using gound cow-pea meal, the UI)Y dye-binding method 
±1 per cent,reproducible to 

tor estimatinig lotal protein has been shown to be 
to obtain reproducibleIll). 1Inorder

the eror averaged over 21 varieties (Table 

results, it was essential to use the same weights of meal (320 tng) and the same 

volumes of*dye reagent (41) il). 
was 

in the estimation ot protein by nicro-Kieldahl method 
The average error 

".2.5 per cent and Figure I gives a calibralion line for the percentage (f protein 
The imethodconcentration. 

(based on kjcldlli nitrogev) versus unbound dye 

per cett ot tile polein concentratiot differelces less thaln 
12Was accurate to 1 

this ;ire. therefore, not situtificatit. 

(b) Suilltt .Aninto Acids: Seventeen varieties of cow-pea meals, both untreated 

cent (v/v) ethanol. were examined for their total 
and cxtiacted with 70 per 

allotllnts of stll'ur-;anino acids. The material was 
suIltli Contents alnd for the 

oven at (0" prior to analysis. Total sulfur was 
for 21'.* hours in a vactumidried 

ligestion with perchlotic-nitric acid mixture, and subsequelt
dtetinted hy \\et 

of barium %Iuphate(Mottershead, 1971). Methionine was 
turbidimet it, analysi 

at I050C, by means 
detetiniied on 22 hour hydiolysates of mcals with 6N IICI 

determined by performic
otf I.)('.AR HT autoanal\ser; c'smeine plus cystine were 

el al.. 5154), and subsequent analysis of cysteic acid on 
acid oxid:1iion (Schrain, 

was checked with various compounds,
aI W.:\RTI- , itoanalvser. The nethtd 

percitntlge iecoverv of total stlphlur and the comparative data. are given
and ile for 

IV. I able V shows Ihe data for unextracted meals, and Table VI 
in Table 
alcohol.exit raled nw;dS. 

The esults show tlihit mg the examined varieties of cow-pea meals, there is 

a small vallaliolt ill the contents of total silfur alld sulfur of sultur-amino 
only 
acids. The rcmainiiw four ,arieties were examined for total sulfur content and 

http:I.)('.AR
http:tnistptl~iiii.en
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TABLE IlI 
Nitrogen Content of 21 Varieties of Cow Pea 

Conctntration 
% Protein of unboud 

Variety % N (N x 6.25) dye 

57 New Era 5.17 t0.01 32.3 00.04 0.481 -0.003 
70 No. 58-185 5.37 ± 0.06 33.6 t 0.35 0.479 0.006 
76 Prima 4.76 ± 0.07 29.7 0.42 0.489 0.003 
95 Renostar 4.23 ± 0.06 26.4 0.37 0.549 0.006 

176 C5723-11 4.49 -0.18 28.0 1.12 0.522 0.008 
179 Louisiana 

Purchase 4.29 -0.02 26.8 (.14 0.537 0.0(109 
201 Cal Blackeye 4.59 -0.03 28.7 00.19 0.517 i 0.(008 
335 Jebba Pea A 4.87 -0.05 30.4 0.31 0.444 (.005 
494 C5714-14 4.95 _0.01 31.9 0.69 11.537 0.(1(13 

74 Kwara Ex-Kwoi "C" 4.0 -0.14 25.0 ,0.87 0.505 0 
91 5 1C421-2 4.13 t 0.21 25.8 0.12 0.512 0.005 

530 lbadan-2 3.67 0.01 22.9 0.06 0.556 (.0(13 
946 Kant) 2461 4.52 * 0.03 28.3 0.19 (.447 , 0.(01 

1101 Kano 6032 4.12 t 0.01 25.8 0.06 (.529 t(.005 
30 No. 112 5.36 ,-0.04 33.5 (.25 0.434 * 0.0(01)2 
31 Emma 4.96 ± 0.26 31.0 1.62 (0.483 0.(118 
32 Iran Grey 4.76 t (.59 29.8 t 3.69 0.483 -0.002 
37 Pale Green 4.99 t 1.25 31.2 * 1.56 (0.495 0.0114 

1418 No. 189230 4.06 -0.08 26.5 , 0.5(0 ",.527 (0.01 
1499 Q.Anne 5.53 -0.44 34.6 t 2.75 0.40(0 1.013 
1503 Cardinal 5.43 0.11 33.9 -(.69 0.466 0 .(108 

TABLE IVa 

Recoveries of Sulfur from Various Compounds 

Type of Sample % Recovery of total sulfur 

K2 S0 4 100.5 ± 0.5 

L-Cystine 1(13 t 0 

Lysozyme (from chicken while) 95 1 

L-Methionine 100 I 

TABLE IVb
 
Relationship between Total Sulfur (%St)
 

and Sulfur-Amino Acids (%S.a.a.)
 

Type of Sample %S' S.a.a. 

Lysozyme (from chicken while) 2,06 (,04 2.04 

Albumen (from egg) 1.41 0.01 1.36 

Casein - fatfree 9.69 (.028 (.69 
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TABLE V
 
Relationship between Total Sulfur (%St) and
 

Sulfur-Amino Acids (%S.a.a.) for 17 Varieties of Cow-pea Meals*
 

Variety of Cow pea %St %S.a.a. 

IV u Prima (our main stock) 0.216 ± 0.01 0.164 

76 Prima 0.190 0.018 0.153 

91 51C-421-2 0.202 0.006 0.151 

95 Renostar 0.208 -0.011 0.154 

179 Louisiana Purchase 0.224 -0.016 0.150 

335 Tebba Pea A 0.233 t 0.015 0.164 

494 C5714-14 0.201 t 0.005 0.138 

530 Ibadan-2 0.204 -0.004 0.134 

1101 Kano 6032 0.204 t 0.012 0.145 

946 Kano 2461 0.247 0.151 

201 ('al Iltackeye 0.224 0.150 

74 Kwora ex-Kwoi "C." 0.237 0.161 

70 No. 58-185 0.173 0.161 

37 Pale Green 0.205 0 152 

57 New Era 0.196 0.144 

30 No. 112 0.245 0.174 
176 C5723-11 0.232 0.171 

Sl = .2141 + .7966 (0 S.a.a. -- .1533 
*Up iofour separate digest ions were performed, shortage inavailable material being a 
limiting factor. 

the data (Table VII) conirt this observation. The proportion of total sulfur 
contained in sill fr-ainino acids is high, between 61 and 93 per cent for tiex
tracted meal, of different varieties. 

The linear relationship between total suIliur and suiftr-antino acids is signifi
cant at the 5 per cent coniidence level, although not at the I per cent, when 
analysis of variants is applied to the data. The correlalion between these two 
parameters for the meals extracted with 70 per cent elhanol appears to be 
stronger, bit because of [liesmaller sample size it was less accurately estahlished. 
The relationship between the amounts of protein-sulfir and protein-nitrogen in 
cow-pea meals is given in Table VIII. Nitrogen/sulfur ratios are reasonably con
stant and the average value is28.7, with the lowest and highest values deviating 
from it by I I per cent and 25 per cenl respectively. 

Discussion 

Literature figures for the amino.acid composition of cow-pea meal arc often 
incomplete and vary considerably one front another. However, apart from the 
sulftir-amino acids, tryptophan, leucine, and isoleucine values of Khan and Bar
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TIABILE VII
 
RCia j0I ili p biet ween Total Sfinfu (,*; S) an
 

SuIfur-Amiiio Acids (', S.a.) for 9 Varieties of
 
Cow~-Pea Mecals Ef~Iracleid with Bi[oil ioii 7W,' (v)0 Ethanol.
 

Values C'alculated oil lle Italsis ()I tile Ivei,I of lie
 
INeals Prior to Em~racl ion. 

St 
Cow-ica variety tI'rolvill S) 'AS.i... 

0101 	 0I.1I64 

494 C.5 714-14 	 ".1-19 
01 c53 	 01.13 

95 Relloill 	 0. 149 
0.145 0.154 

79 Loiijjnm 0.142
Piir ILIaS 0.141 0.150 

76 Primaj 0.156 0.153 
335 ITC111MPt ai A 0. 1 i1 0.164 

91 51C-42 1-2 	 0.149 
01.151 	 0 .151 

1101 	 Kmw 6032 0.157 0.145 
53o lbhdtin-2 0.123 1.134 

11vwrercvionl int. s, -. 1491) 1 .5~F~i 15017) 

Isei t 9)7l K\ % II.' il l 11)1:,11i:g11 mIcllcNCII willi 111il hiIes:11ll kiAswilli those 

La:ck w' :,Il(IQIcl i ll I)MI(I ;Illirl''.aiI Cl()flhI)\Iil ';iIIQ l VI171 
arise heL'MiisC o .j I Iklijf'lre' 'ritI I.ll'CC IlljlcI ik;l I .? %; co1lidiliolls. of;imi 

Wlith tiiriiii1~0il it) 1ll~) .ik mpllii1 11111 11 etIr~ciae 11:r, k'il red orf 

a;m)v:iSs. Willb i., lo ( 2), lie ('\XYeei-Iwc. selledllhc Iililo o op'an 

prlili) Ilie reCllii'. ilIim iiiitlct 111lelt ViVC1 k>' *11 ijll Oit same lsulls (see 

FAIA. VII
 
SuIlur Content (if Some (ow-pea Meals
 

Ci)w.1iie variely (e\(racled \%lhi SOl',"elliagnil) % S1 

14 18 No. 18923It 015S8 
1499 Q. Anniie 0.177 1.0)17 
150)3 Cardinail 0.212 11.009 

32 Irani ( rc,, 0.2)06 0.1103 
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TABLE VIIi 
Relation Between the Amounts of Protein
 

Sulfur and Protein Nitrogen in Cow-pea Meals
 

Nitrogen/1/ S I/ N 
sulfur(protcin) (protein)Cow-pea vriety 

0.161 4.35 27.2 
4.11 25.5Prima V... 0.l01 

28.64.260.149 
3.98 26.0494 (.5714-14 0t.153 

26.13.89o.149 28.295 Reflo.lur o.145 4.09 

26.5(.142 3.77
3.73 26.5179 Imukiana P rchasc 0.141 

31.4 
76 lPrinmi 0.156 4.90 

.35 l'cthli Pea A (1.1I51 5.16 34.2 

91 51 C421-2 
0.149
0.151 

4.60 
4.47 

30.9 
29.6 

1101I Kami 6132 (.157 4.05 25.8 

530 11ladan-2 0.123 4.42 35.9 

Iec (Moore :lnd Stein, 1963) 
lable I. for CN:1lnip1). With regard to (3). ion-xch 

al., 171) are recommended. Methio
or gas-liquid chromtlography (Gehrke, ,'' 

1y either of these metilods" cystiite should 
iile Call be deterimiled aicclatelv 

et il.. I 8) and tryptophatn by at
AciLd (.Spackil an.be dLCrmnined as cVstCiC 

Ililhds.
lens! twvo tliftfelet 


ic'cilece protcin (FAO/WI10. 1965), the limi-
i:A
As colllp'lied with tile 

ling amino acids o1 cow-pea Ic',als are IlelhiImifit. Cysteil, :td tryptoplial. 
to ill

tile snlti -:u1iII acids together (see below), there is a need 
COnIsidCring 

allby 43 per Cent it Comlparisot with the FAO 
crease bohtIl thyee Mnd tr1VIto 
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It is also clear that any other limiting amino acid is of minor importance. 
since B.V. of 95 per cent were obtained by sulfur-amino acid supplementation 
alone and that, in this variety, heat-stable antimetabolites are not important. It is 
known that man has essential amino-acid requirements similar to that of rats, 
but these findings cannot be extrapolated quantitatively to man. 

Before attempting to develop suitable screening procedures for increased pro
tein concentration and percentage sulfur-amino acids in cow peas. it is well to 
consider whether attempts to achieve this appear likely, theoretically. Can we, in 
fact, change the amounts and quality of proteins in this direction vithout mak
ing seeds inviable? Boulter, Evans, and l)erbyshire ( 1972) have discussed this in a 
recent paper, concluded that it should be possible and, further, that successful 
varieties with more sulfur-amino acids are likely to have changed proportions of 
tile storage proteins, which constitute the major part Of the seed proteins 

Screening methods are needed to (I) screen the world collection of varieties, 
races, etc.; (2) determine heritability of the nutritional quality: (3) be used in 
the grain-improvemenit breeding program. Initially,.we are concentrating on me
thods for (1). Screening methods must be reasonably accurate, fast, and use 
small amounts (rags) of material, if they are to be of use in breeding programs. 

With cow pea, existing methods for screening total nitrogen as a measure of 
protein are satisfactory, and a preliminary screening using the UIDY Protein 
Analyzer could be used to select high-protein varieties, which subsequently 
could be subjected to automated micro-Kjeldahl analysis (Varley, I966). 

Figure I shows that not all the varietal values fall on the calibration line, and 
the divergence of ±12 per cent is greater than the overall experimental error of 
the two techniques. This is due t,.) one or the other of the following: (I ) inhoino
geneity of the sample of material used: (2) variation in the amount of' starch in 
the samples: (3) difference in the amounts of the basic amino acids - histidine, 
lysine, and arginine. The percentage protein coilen t of the 21 varieties ranged 
between 25 per cent and 34 per cent (see Table II). High dye-binding values in 
the initial UDY screen could be due to a high content of' protein with a constant 
basic amino-acid composition, or to a somewhat lower protein content with 
higher-than-average basic amino-acid composition. Varieties with tle latter com
position would be eliminated during the second screen, using the autonlated 
Kjeldahl method. 

For sulfur-amino acids, existing methods, i.e.. ion-exchange chromatography, 
GLC, and microbiological methods, are too time-consuming. 

Although for the small range of' varieties examtined (Table IV), total sulfur 
cannot be regarded necessarily as being a good measure of sullur-amino acids, 
the preliminary results are encouraging, and we are presently extending the range 
of' the varieties investigated. If the correlation is sustained, it will be necessary to 
see if total sulfur correlates not only with the sulfur-amino acids, bit also With 
PER. This will require the development of fast biological screens, using smaller 
amounts of material than for the rat-feeding experiments. 
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pected response in animal perlormance. Theretore, we would like ito encourage 
research to elucidate the norms underlying such lack ot performance. with ihe 
hope that this knowledge will provide tools to aid plant breeders at1earlier 

solution stages. 
3. Similarly, a better understanding of the basic processes ot the lioSvntlIesis 

of plant storage proleins could lead to More efficient screening techniques, and 
research in this area should be encoUlaged in appropriate laboratories. 

4. SuggesLed methods to evaluating the prolein quality: 
a) Complete amino-acid analysis. 
b) In vitro digestion (PPD pepsin pancrealin digest) (PI)R pepsiin 
digest residue), in combination with amino-acid analyses of, the liberated 
alilillo acids. 
c) Evaluation by the use of Tetra I Ivinena Iyriformis W bilt this lellod 
needs to he refined. 

d) Animal experiments: mice. rats. and pigs. and the criteria PER, TI), BV. 
and NIU can be determined. Blood urea measurenients are also suggested 
to) be of great value. Refer to the paper entitled I'mllprovintg platll proleill 
by nuclear techniques. presented bN Mlauron at the 1970 Vienna meeting 
(page 303). 
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Protein Quantity	 tile amoun', 6i protein in 
for determining

The procedure usually accepted 
be converted into
 

content. The nitrogen values can 

nitrogenfoods is based oil 	

do not distinguish aonl"g amino 
meas of factors that 

figures for protein by 

proteins, and other nitrogen-con(ailing compounds. The protein ill some 

acids 	 as being of higis recognized 
types of, foods (meat, dairy products, and eggs) 	

foodandin handbooksvalue quotedIhe biologicalvalue. 

tables are 


bit logical 
averages ol values found in different varieties of the same 

comiposition 	 the quantity of protein in foods. 
genes influence 

Siutl. thereby indicating tlat 


is f'cilerally overlooked by nutritionists and plant geneticists. Tile need
 

That fact 	 some varieties of 
was shown that 


to rectify this situation becaue' clear when it 
others (Mertz. et al.. 1964).
 

uaile contain inore lysine and tryptophan hithan 


Protein Quality 
a food depends on its constitlit protein fractions. 

ofopitotein ilThe quality 	
this respect -- the biological valoue of different 

TWO factrs aii in poltance in 
the food. If one of these protein

intheir concentration 
protein fractions. and must either () have a 

a higher biological value than the other, it 
'ractions has 


bet tei readily available.
combination of essential amino acids, especially those that are limiting for 

or (2) tile allilo acids present ,must be more 
tile food, 

better endowed with limiting amino acids than arc 

That certaill pioteius ale 	
protein-glutelin of maize 

the alcuhol-insoluble 
others has beell deuolmstrated in 

iore lysine and tryptophan have 

()imlci. I J;6). Varieties of mai/e that contain 

a biological value similar to that of casein (Mertz et 

, high glulelill content, and 

a. h), I emphasized the value of 
voik (Bajaj, 	 I1960), Bajaj. et all.. 1971 

In c;ilier 	
and was able to denit,nstrate the impor

nutrition,
leguine proteins I'i hman 

proteins as 	 indicators of protein quality and superior 

of waler.sollble 
value. The albumin fraction was shown to contain two to three timesIlice 

nutrilional 	 protein fractions. F~urther
in otherilo acids preseltlsilfur.athe vsine and 	 between albumin and protein 

Cequatiols devClopedI from the correlation 
speed. Becauseure . with accturacy and 

were used to predict biological value 
a sea rch for quick, reliablequality 

current interest in legume proteins is directed toward 


presented herein.
 
assays for protein quality, tile data are 

Exiperinlts	 grown at the Ilorticulture Center of MichiganPeas (I'istmt salin'n) were 
were derived 

The strains tsed in the breeding program 

State Universitv in I 1 66. 


involving tile following varieties: Early Perfection, Miragreen. Mira

from crosses plant introductions 167250, 
Perlection:. foreign

Green Seedcle, .jade. and 
and breeding lines 56-118 and 56-184. Rainfall 

160t)4, 17305' . and 175 23 
the vine, harvested by hand, 

peas were dried on 
for growth. The 	 awas adequate 	 until used. Alaska peas, 

and in low humidity (25-50 RIl ) 
and stored 	at 40(' 

and harvested under standard conditions of commer
variety, growncommercial 

used as a standard of reference. 
were acial seed plrodlUctiu n

, 	

powder passed through
Mill intil theill a Wileywere groundThe peas 
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20-mesh screen. All samples were analyzed for nitrogen by tie Kjeldahl method 
(Association of Official Agricultural Chcmists, IV70). The nitrogen value was 
multiplied by a factor of 6.25 to facilitate comparison of tile nitrogen traction 
of the peas with cascin (Ilcgsted, 1964), the reference standard in biological 
assays. 

For tie biological assays, either pea meal or casein was added to the basic diet 
at the expense of sucrose (Bajaj. et al., 197 a). 

For one week prior to the experiment, weanling male Splague l)awley rats 
were fed on a grain ration (Bajaj, et al., 1971a). Five rats were assigned to each 
group in such a way that tile group weights did not vary by ro,.,C !:ian 3g. 
Because 28 lines of peas could not be assayed silnullaneolsly. Ihree separte 
experiments were performed. Casein was repeated in every expeliment, ard 
certain lines o'f peas were assayed two or three tires. Food ani \vIater Weti 
provided ad lib. Food intakes and weight gain were ireasured every week ftr 
three weeks. 

One extra group of five rats ini each assay was killed at the start of tlhe 
experiment (body-composition controls). The carcass (minis the gast:inilreslinal 
contents) of each of these rats was an toclaved, hontroeniClI. arid asarmple was 
analyzed for nitrogen. The remaining rats were killed at tile eird of tie Ilce
week experimental period, and tIe carcasses were treated it) tie saJlre illainer. 
Nitrogen retention was calculated frorm fhe btOdy-irtLI coNtet of Ire test 
animals, minus that in the body-comlposition contiols. 

Protein quality was calculated as protein efficiencY ratio (PER): 
PIIR = weigh t gain (g)/g proteir eaten. 

and nitrogen incorp)oration efficiency (NIl): 
nitrogen reta:rned in tie carcass x 100N I E =......... ..... ... - . . . . .
 

nit rogell intake 
The extraction of tie pea proteirrs ard stlbsequell fractio.lioar was a ilodili

cation of trie method of Raacke (1957). "lie extraction procedure and subse
quent amino-acd analysis of tile albririnir arid globulin fractions h.av2 been de
scribed in a previous puhlicalinr (lajaj, e t al., 1971 b). 

The microbiological method (Ford, t190) for evaiialing pioteii quality was 
applied to different factlions isolated from peas. Streptococcus :.'mogcnr's was 
used as tire test organism, because it has tie same reCquirement fo exogenous 
anino acids as does the growing rat, arl isable to uitilize intact proteins. 

Results and Discussion 
Based on nitrogen values (N x 6.25), Ile protein content of vine-dried peas 

varied from 21 tr 28 per cent (Table I). IHowever, tie total protein contert orf 
different strains of peas, as rneasured by their nitrogen content, Iray be a poor 
index of their protein quality. This was evident when it was observed hal the 
protein in certain strains of peas gave PIR values tlhat were as niuch as five limes 
that given by another strain with the same nitrogen content (Table I). Nitrogen 
content rii . i not be an accurate eslimate of true protein, as different strains of 
peas may contain different plant itiCs of mniprolein nitrogen (NPN). The NPN 
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TABLE I
 

Protcin Quality of Different Pea Strains As
 

Determined by Rat Iioassay
 

ri 111IPerci'L ll I t.'E 
It. in nt lIi in 	 I'L' [C'li +t I.p 

prnlei 	 weigh gain
n ofl'rlls
inIh illiPtlcill %liplulli+ I 

M)UrtC (NO6.251 . ,1. iIR cafct'as, 4 ii3 wks) 

1 87.5 52.3 2.7 1S.8 75.0 
1.A 22. 33.866-1 24.. 32.5 


-2 21.-; 25. ) .2 20.2 3 .6
 

6,-3 25.9) 1, .7 21.2: 23.4
 

0,7-I 25.5 3.).. 2.1 18.7 39.2
 
66-5 25. 9.(, 1.4 21 .I0 7.7
 
(-6 25.4 31.5 I.4 21 .2 33.8 

1.8 204.4 42.6h6(,-7 2(7.2 3 
,', - 27.2 2o.3 1.1 22--'2 33.10
 

,-'9 27.2 22.2 I.(1 22.2: 21.6
 

06-11l 2S.1 32. 6 
 1.6 441.2 2w4.1 

..11 28.2 104.9? 1IA 21.1: 34.0 
66-12 22.. 33.|, 1.5 2i.0: 37.4
 

113 .- 28.1 I.A IS.8 28.8
 
,,-I .1 26.9 .11.(, 1.7 19.8 35.8
 
66-15 26.7 	 1.,37.5 X14.2 	 34.8 

6-1H 28.3 27.1 .. 2(l. 2_7.2
 
66- 17 
 27.7 34.4 1.6 21.-I 32.0 

25.2 	 31.5 15 2o.1 24.8 
..3 1. 24.2 27.8 

W,,I 
1,1-2 ! 2 3.5 

35.- 1.8 19.3 w .8w1,-2. 	 1.(, 

I t 241 11 35.8
 

61,2..1 3 .11.2 2.4 20.1 35.2
 
2.1X 	 '7.. 

35.2625.1 	 35 7 I.7 244 
w,- 23.1. 2, .2 244,", 22.44 

4,4l-? 237 23.01 .1 2'' 2 24.6 
214.812 	 .,672, 	 1 32.3 I .5 

-I-3lI .17 4I.,1 2.2 211.2 37.1 
4+,4-33 21,.') 33.4., .8 I 8.4, 36.6

.1 	 ,4,4,.4- 2 9.5 	 .- 18.5 3S.2 

66- ?N.2 25.5 1.2 '42) 13.04 
21p 43.26-.S2. 	 21.2 . 

•\I l it 22 .') I 3.4 44l.4, 21 5 : 3.44 

Im ai I I l l ,%'.1litllIll liltIl rall Ii Ililt l 1 ' k~ll!t'.ll H i%,l IitI 11\ illdv dh\ 

hlu ' l ' 7 l 

" 111, d ilhItI i lll lil 11tli1 1 1 .
 
I i % litpc.i \ t' , n. II 

i lt.illll\ IrTL 

< 


!," xt %\0 !'ItIlitv\ c lo,[li i '11 , ,h l ill I Iil~ tll,1111,'111 111,- :w lll,11, t'd C\il.cil

111k ,i,1 dhw 1' , i 1J 110 w td ot : \%tv'~ IlA ' ,iI l t il ; \t\c 'l, illall o, ll' !c l'll'l' 

11rl'llhm||iliiIII]\ 111"',llil
Illiils idl llilll i :,wikk Ih:il1c 11w t Il"iilmV cIllIll 11i 

1mIIl wit "lM I- kCilllitl ~lIII ' ipim k h lll/el 

\0,1 j ,l I 1i 1l'aJlV 8 )01' CelllFIhc hmih stIllR u;llic ohul~ilicdt l~ il l l), \%,:I 

110ihi C, I his i,, :,l1mlollima \valn's IOirOfl1110 11LilV:1l I ' i lil. ilolhit. t() kh It)\\ ;,% i 

iti I'loll (1111PlEN' v\",ickI'i-;iwcin with 
' 

asisI e\' Ille jl"lcelllw lllol," 	 repot ed 

Vallues I'Motliimt.	 ltll I'M 'hi iillI\ IllPI-R \,ales iSIhial.P)0ll-0 . IC C\ ):lli+,l li 

lhcI s ,iewil h allf dIhscAllho ughlIhlermil,lcd o l the pea rali ~ll o ld v\ [iheale O 1" 
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receiving casein, they also consumed considerably less food. Tie generally lower
food intakes and weight gains of the pea-fed rats did not reflect consistant 
reductions in appetite (in relation to body size), because the appetite quotients
calculated according to Carpenter (1953) were essentidly the same for all groups 
(Table I). 

180 

170 
CASEIN 

160 

150-

E 140 

130 - - .-. 66-7 
0 -

C- 120 -66-9 

110 . 

100 	 . 66-5 
-90  .... * 66.5 

0 - .1 ___ I I4 5 6 7 

Age 	in Weeks 
Figure 1. Growth curve!; of rats ted pea and casein diets. 

NIE (Stucki and Ilarper, 1962) is a measure of the efficiency with which the 
animal converts dietary nitrogen to carcass protein. As such, its magnitude is 
determined by the animal's weight gain and carcass composition. The ratio of
weight gain to food intake is determined by PER, so the important factor in
differentiating NIE from PER is the percentage of protein in the carcass. That 
percentage in rats given certain lines of peas was significantly higher (P < 0.05)
than that in rats given diets containing casein. This difference suggests that the 
rats given pea diets did not have as much fat in their carcasses as did those fed on 
casein. Both NIE and PER appeared to be equally effective measurements for
evaluating protein quality of peas. This is evident from the high correlation (r = 
0.90) between them. Thus, peas can be ranked equally effective on the basis of
PER or NIE, but not on the basis of weight gain alone (Table 1). There appears
to be no significant return from the extra work of carcass-nitrogen analysis,
which is required for the determination of NIE but not of PER. 

From rat growth curves (Figure I), the different pea lines can be designated 
as supporting (I) fairly good growth, (2) mediocre growth, or (3) bare maintain
ance of initial weight. Rats given poor-quality diets usually showed an initial loss 
of weight, which was regained later. 
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The PER of the II lines of peas selected for fractionation experiments ranged 

2.20g weight gain per g protein eaten, and the albumin content
from 0.46 to 

pea meal (Table 1I). Expressing the 
ranged from 0.53 to 1.06g N per 100g 

to choose a factor for convcr
of nitrogen eliminates the needalbumin in terms 

ting N to protein. The moisture content in all of these strains of peas ranged 

from 6 to 7 per cent, and for this reason all values are expressed on the basis of 

air-dried samples. 
the albumin content was determined for the 

In a preliminary experiment, 
that bioassay. There was a high correlation between 

nine strains of peas used in 


the PER values, as determined by the bioassay and the albumin content of peas.
 

fitted to these data, 99 per cent of the variation in 
When a quadratic curve was 

PER could be explained by differences in albumin content (r = 0.998). This high 

TABLE il
 

Albumin Content of Pea Strains and Their Protein Efficiency Ratio
 

Albumin N* 
PER(%pea meal)Strain no. 

0.460.5366-5 0.630.53Alaskai 0.740.5766-3 1.300.6166-38 1.160.6266-28 1.450.6366-14 1.000.6366-9 
1.340.6366-16 1.440.6466-1 1.570.6566-19 1.560.6667-12 1.650.6767-28 1.820.67664 1.760.6866-26 1.800.7166-7 
1.860.7166-34 
1.700.7266-17 1.900.7266-15 2.200.7866-31 
1.880.8266-23 
2.051.0666.24 

*gper 100 gair.dried meal. 

that the following equation of a quadratic curve could be
correlation suggested 

as determined by
used for the prediction of PER from the albumin content (X), 

the procedure used in this study: 

= ().PER 23.2X-12.8X 2-8.2 

To check the validity of the equation, an additional group of pea strains was 

analyzed for albumin. These had been assayed for PER values. The latter values 

were compared with those calculated by inserting the albumin content into 

http:23.2X-12.8X
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equation (I). They diflkred from the PER values secured by,rat bioassay by 0.0 
to 0.18. The correlation between PER and alblumin was still very good (r
0.97). This prompted a pooling of data from the two experimenIs, which resul
ted in the 'ollowing equation: 

PE R = 24.7X-I3.6XX2 "8.8 (2). 
The correlation of tilePIER datai from the 21 strains of peas, with values secured 
from calculations using equation (2), was 0.94t).


At the lower levels of albumin, 
a unit change in albumin content produces a
large change in PIER. These data do not permit Inindication of tie relation of

PE-R values and albuilnin concentration beyond the ranges in tle samples Stidied.
 
When peas with higher albumin concentrations become available. tile
upper re
gions of the curve should be explorCd. 

The correlation coefficients for PIER values ,and total N. extractable N, or tlhe

globulin fraction were: 0.42, 0.02, and 0.32. respeclively. All these values are so

low as to make them of dubious value in predicting the biological value in pea

samples. In contrast to these 
 low values is the high correlalion coef'ficient f'r
PER and the albumin content of tilepeas. Furthermore. the isolation of pea
albumin is simpler and subject to less interl'relce than is fime isolation of other
 
fractions.
 

On tie basis of bioassays, the S-containing amino acids and lysine have been
 
suggested 
as limit ing the biological value of pea proteins (Campbell. 19-3). Tie

relatively high proportion of S-antino acids and I'sine found 
 in the alhmulin 
fraction of peas (Table IllI may be an important 'aclor in explaining the excel
lent correlation between tile
concentralion of ihat protein in peas and the corre
sponding biological value, as measured by PIER. 
 A much higher content off tlie
thionine plus cystine occurs iii the albumin than in the globulin f'ractions isol i
ted from the strains of peas investigated. Although the difference in lysine

proportion is not so striking, its level in 
 the albumin iraction is higher than in

tlieglobulin fraction. A 
 larger quantity of lysine and sulfur-corfaining amino 
acids has been reported in tlhe albumii fractions of,other legumes (Matlur, e al.,
1968) and maize salt-extractable proteins (Misra, el al., 1972).

The distribution of values in Table Ill, when compared to the FAO (1957)
pattern of essential amino-acid requirements, indicates thal the albunin fraction 
contains all the essential amino acids, excep one, at levels ili are more Ihan
adequate to salisfy the FAO requirements. The exception is time sil flur-anino 
acids, but even here tilealbumin fraction conlains twice as much as the globulin 
(Table 111).

The evidence that the biological value of albumin is superior to that of
globulin was obtained froi microb!ological assays. This method was used le
cause only small amounts of proteins could be isolated froim the available pea
samples. Relative values for different samples were based on bacterial growth 
response produced by casein. On this basis, the albumin fraction produced
growth that was equal to 117 to 128 per cent that of casein, with no significant
differences among the nine samples of albumin assayed (Table IV). Correspond.
ing values for the globulin fractions isolated from the same nine strains of peas 
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TABLE III
 

Amino-Acid Distributioll in hydrolyMates of
 

the Albumin and Globulin Fractions of
 

Proteins Extracted from Peas
 

Isolated Pea Proteins* 
(;Iobulin

Alhumtin
Amino' Acid 

7.9 t 1.2(.61y'dne:0.41 
2.3 t 0.12.9 (.1

lli ti.ili¢l 
8.8 t 0.65.7 0.3

Argillite 3.2 (1.2
5.2 0.1

rineAT eo 
0.3 t 10.04

O.S 0.1
CN L, 

5.5 ± 0.25.5 0.2 
V.Aliei 

o.5 ! 0.1I1.1.It (it.lle0.1 
5.9 t (.26.1 t (.3

Iokiiciiit 8.7 t 0.20.35.9 0
lenejtw 

3.1 - 0.15.7 t 0.4
IielycnyhIdanuitL 

9.9 - ((.211.2 t 0.7
Asp t'tic Acid 

3.6 t (.23.8 t 0.2
Smile 23.9 t 0.6

15.9 t 1.4 
(ihttilltic Acid 

4.3 10.14.8 t 0.2
Pro'i 3.6 0.1

5.t( - ( .1 

5.2 ((.2 3.7 (I.1(;Iat'iii¢ 
3.1 - (.I

5.2 ' 0.3 
Fyrosilie 

g of ;lrtlit' icid hvdtrol'n..d• I ((((% per 

j.,ohitcd fromlil tie follhwit-gi(ht oi,;lnt. 
+'AveraeC to( mianV.v', c..;irried olilt ol four of 

wra \idlei in duplicatC.lch %VnI . 6h-
2 4.66-15. I6.4. , 

S 
. traiea : 6-I o 2 NIllp e of' elobilill ,olrtetl "tout p¢;*'Av e ot ,cpit"unl~lznh 1 I\";e" c~rried otl 

t i e 
n leqle(t ,;lltlpl .i/ . 3 ,,rlill ot Peia;I h 

,traiiiN 66 -1 5 ;rtudl 66-24. I)uLe ti 
t ,o ti~itlonof anolhter elohiuliti fraction.

ttililtied to provide iie ,irting nitllerill (or tlht 
three i;lnlv.V wV. dolne in 

I /cd for ,itino acitd. Fiach of 1hwcw
Ih. ,lk; o ,iui 


dluplicate.
 
l'Mciiin, SI.
 

were
1(10 per Celi (:'lage ,.0 pe Celli). These values 

ritged from 0. to globuI:c variaitio aiong Ih
1,h alutit.those otsiutlificatttly lower lt.h 

IrIaC0i0ts 01' ttmi'tOrtll coiti
reflects tle difficuilty in seCuring

lit valutcs proahly 
its Iwo major prti.its. legutmin and 

ta\ coltlnt
posilion The 

two plotCils differ markcdly ill biological 
vatiahilC proptrliills. These 

ohlhihi I',lctiott 

vicilitt. in tsupcrior
tictohi gical proceduIre legpuin is Ifat 

\'atle. as estimated by tihe 


vicifin ( Baja . I 'lo( 1.
 

Summary and Conclusions
 
can be inferred that:
 

Froi tie evidCeceCc presCtted, it 

Nitrogen is :apoor index of tihe proteitn quality of the seeds. 
I. 
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TABLE IV 
Microbiological Assay Values* of Protein Fractions
 

Isolated fromn Pea Meals
 

Protein I'ractimi 

Sample Albumin (;lobulin Residue 

66-3 118 10 85 ') 48 
66.5 119) 8 64 2 56
 
66-7 117 8 71 *6 29
 

66-9 121 7 90 5 28
 

66-23 126'. 9 94 o 29
 

66-24 128 9 76 3 28
 

66-26 120- 3 93 6 32
 

66-28 120 * 5 I10 6 48
 

Alaska 128' II 97 '4 52
 

of respomne produced by 

cotmpared withti ileresponse ecured .,ith ti 


*All values are expre,;sed aslite percenl :.e ie sa iple when 
esin. 

2. Va.riationi in proteiii quality and( qiailitv exists in difterent valieties o1f 

peas, even ii lhe\ collftaill the smile percellt:ge of'Iilrogell. 
3. Ninely-foir per cent of tihe v:riation il I'I:R of' fie pe,,s studied call be 

explained oil flhe basis oI diflerences in the albillil colntenl. 
4. [ie high correlaitil ieteen ilie albiuilii colliclit and PER isexplessed 

by the equation: 
PIER = 2-1.7X I3.,X- .. 

The abo'e eqlatioli cain e used to pielict the PlIR of pcas ifler the alhumi 
Contenlt is estimated chemically. 

0. The biological quality of the albiuiin Iraction is blier thaii thai of tile 
others. 

colijitas oi ile essenti:ld arino 
acids, particularly lvsine and sltdfi-c, nmminiiig :1li1 acids. 

This itifrlniaiion indicates that alhuiiiis ill le,,.iuies may be illipllalli as 
indicators of nutrimiotial qUality, and codtl Ioutlille assays prteill 

7. The :dbmin fraction a hijhier almotlollf 

be Used ill I,0 

biological value, such as arc required h\ plant ,cielliists. 
The albunlllls ill leguimies foril 8 to -(1per ce.it oI lile total ploleillti. lie 

renmaideir being in tile 1 two 'flobnliiis,globulii form. iThe i.e.. leeninit and \ici
lin, vary in nutritional quality. Leglilli has a bllel plocilli quality tllu does 
vicilin, a superioritv that has been ascribed to its alliii-I-acid COittpOsitioi., pauti
cularlv sulfu r-colmaini 'aliiit acids. 

Although the allllin fractiolu cotntains a %,;tie(\od cll/.vines anid prteitts. 
which make it diffictlt to0 IIIatipulale geiietically. the faclos that influence its 

productioni need imlre ateitetin. Vactors such a,cookiitg and pioces,,ing.which 
alter file qUaitiy of' albtini. and Ihcit relalion to ile hiolhuical quality of 

ll ieed to be ,,sulid valiollsprotein with elnphalsis ontile alliutlllicnten ill 
legumes. The 1t' alld inllenicc ile Albultin alld t1eeflec; sprotitiI its 11 
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are conquality of protein is of great interest, especially in those legumes that 

sumed in this form. 
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DISCUSSANT 

K.J. Carpenter 

As nttritionists, we must try to explain the nutritional problems to breeders.
and they must reciprocate with problems of their own. l)r. Bressani has reported
the results of' feeding experiments on diets in which a considerable proportion of' 
the protein came from cereals, and halt, or less than half', f'rom beans. Supple.
mntation of, these diets with inelhiolninle gave i much smaller response than that 
obtainled when cooked beans form the solc source of prmein in an experimental
diet. Figure I explains lhis difference. Beans, by themselves, give a large response
to mclhione because it is tie only amino acid that is seriously short. Ilowever,
both lysine and tlhreonine ale present in all cereals only at low levels, in relation 
to requirements. 

As bean protein is mixed with increasing proportions of' cereal protein, the
levels of lysine and thlreolnine in the mixture decline until these two amino acids 
are almost, or quite. as deficient as is methionine. Under these conlitio, s ofl" 
increasing proportions of cereal protleins, the expected. possible response to 
extra metlhionile falls and then disappears (see Figure I).

Maize differs from the other cereals 01nlv in having M additionlal del'iciency of 
tryplophan. and these theoretical calculations are in complete agreement Wilh
Dr. Bressani's findings I'r the diets of Guatemalan children, who receive about 
w)-thirds cereal pmrtein anid One-third bean protein. We are, of course, most 

interested in the children, hecause they are at the highest risk from prolein
deficiency. As Dr. ('alloway has said. if the alniontts of prolein ;ire increased, the 
relative deficiencies of individual amino acids are much less important. 

I00 

80 

Chemical

5Core 
 60 

40 

20 
WHEAT E---------------------) BEANS " 

0 100L 0 50.50 0/00 
Proe,n poportions 

Figure I. 'rite calculated cte iical score of whole wtheat and I'P/haolushean proteins indifferent proportions. The score for cach limiting anino acid is obtained by expressingits concentration as a percentage of that in a compllely halanced protein. [he staded area on the left represents the Iheorelical improvemhent possible fron increasing thelysine level and that on the right from increasing the metfhionine level (reproduced frmn
Carpenter. K.J. 1970. Proc. Nutr. Soc. 29: 3). 
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SUMMARY 

K.J. Carpenter 

Prolei, andu A jlin-.A d'M Projfles 
The perceni lage of protein in crop sam1ples of any one species l' legumes has

been found Io vary greatly. Mtch of this has been due to environmciti Ior
example, the same varielies Itive shown values ranging from 24 io 33 per cetl
protein, Blit there are also genetic differences, so select ion call lead to consis.tenly higher nilrogen levels, Radiation techII iqucs to iiduce tlatitoils have not
been mu ch used with grain legunes, so fai, but we have heard trom Dr. Sign rd
bjorlnsson how experinents are now being organ ied io do this on a very liage
scale, indeed. 

With regard to amino-acid patterns, these have proved relalively constant, andcertainly nilrogen fertiliazlion does not seem to im pro\',e protein quality, it isn't 
poo soil stalus that gives poor protein quality. Stiffitr-allilo acids have alvavsproved to be tile limit itig factor. It has been pointed otll that there ;are somediffcrences in stilfir-amino acid levels and although, ill tie past, IlleV have been
thought to be almost negligible, they have been confirmed, and it is tIhought that 
now they sitould he pursued. lowever, it has also been pointed onut that illwhole diets, where utot inst b(eas ut "beas and cereals' ate tihe slapie proteill
sources, metlhionine is nol always the tirst liniting factor and halt otue gets atbest oily a s1all respollse to telhiontint. This may not be Ite everywhere, bil 
it is in many places. As aresult, the antillo-acid sillatioll is iot enir'ely straight
forward, and ve,must be catefill Itht changing one atmino acid does nmot have aiutlfavorable effect otl otehrs. Ili otier words, alot remains to be foluld oul.

It has been emphasized tltat, although changes in proleih cotntet aid itn
amino.acid pattern may be beneficial, even prolein tilutrilionists do inot suggestthat such changes should have priorities over the yield and the general accepta
bility of the material. 
7oxie faciors 

Dr. Liener poilted out experinental restill s ili which there was ito correlation 
- evei with heated soybean ieals between the sillfr-ainino acid content of,
particlular samples and the response of rals inPER experinments. 'his reitl'orcesthe reasons for thinking that possible toxins and depressant faclors must beconsidered, bitt we ItList consider them in the context of cooked nmaterials,rather than rav. It \was )i11ed out tha t rypsii-itnhlbilor activity cani be assayed

.fairlysimply. Nevertheless, there is probably sonlilitig more to this, because 
A cooked material still seems it) show sole inhibitory activity in rals, although itis not delected in the ordinary assay niethods, IlemagglItilin can cause mnost oftile growth depressions obtained with raw I'haseolus beans, and they survive dry1heat, so it is Inportant not to distiss these completely for all Iorms or heatedntaterlals. It Isalready realized that there are other extremely tmport t i, com

. ..
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plex, toxic problemis with particular types of beans: goiterogens, estrogens, cya

nides, etc., and that more things are still to be discovered. It isalso clear that the 
-results obtained in assays with animals may depend on the species being used 

the chick or the rat, for example. 
It seems, therefore, that further research is needed, first, in developing fast, 

simple, biological assays and investigating the reported discrepancies between the 

results in animal assays and the results of chemical predictions. Sometimes, on 

further investigation, some apparent discrepancies disappear. 

Second, there is an obvious need for a continuing study of toxins, with 

particular relevance to cooked material and, third, acontinuing study of amino
to try toacid methodology. The problem is twofold: to discover the facts and 

get the facts into perspective for the plant breeders. 



III B.Antitryptic and Other Toxic Factors 

AN'fiTRYirIfI( ANI) O'FhER ANTINUTRfTIONAL 
FAT("ORS IN LEGIJNI-S 
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ANTITRYPTIC AND OTHER ANTINUTRITIONAL 

FACTORS IN LEGUMES 

Irvin Liener 

For reasons tha: scientists have yet to fathon, Nature has seen fit to endow 
many plants with the capacity to synthesize a wide variety o1" cheilical snb. 
stances that are known to exert a delelerious effect when ingested by man oranimals. Included amlong such plants are the mnany varieties of"leglnes, Which
Constitie Illin ortalit parl o' the diet ofllarge segments of tile world's )optlai
tion. If snch toxic substances do, illfaIct, exist ill plant lod'stuffs conliiuonl1ly
consnmed wbyinan, why are their effecls not nanifestcd [)roe frequeiilty illthe 
population? It would appear throughtha., trial and eror, man has not oilylearned it)avoidthose f'olsSvliicl produce immediate ill cflects; he has alsI
devised Vays alnld of' Clilniiatirig such elects from other f'oods.ulleaus For ex

other illanple, cOtL)killg iid Coln eans of preparation have. in Inaullill
stances, proved h be effective in destroyilg lllny of' the toxic constituents illlegimiie . Neerlieless. circumislances 111malise whereby coiliplete deloxilicationl 
Illay iot always tAke place, as., Ior ex:mple, illtile iniadequiate coll]iercia I plo
cessing of soybean )roducts.


Abnormal p:itterns of '0od consumpt ion 
 llay however, aiove harfl is.
 
exemplified by the periodic eription of' Iallhyrisin illcertain parts of' India. This

illness is associated with the consumption 
of'certain varieties of'La/hi'rtus during

fimes of famine, 
 when cereal grains ale ill slhrt supply. Then we have the
well-known examples of" favism, w'hicjh afTects certain inidividuals who consume
 
tilebean V/i'ia fit/ha. These few examniple, serve to illustrate w'ha t umight 
 be ex
pected to be comne iii,,e coinpIilace as 
 tile shol tage of' proein I'acc ,t)ods beconles,more actire and peopt are forcedito becole more indiscriminiate in their choice
 
of"'ife-suslilitg plall foods.
 

Protease Inhibitors illSoybeans and Other Legumes 

HlisoricalBackground
Substances which htave tie ability to inhibit tire proteolytic activity of certain 

enzymes are f'ound throughouit the plant kingdom, particularly among the 
legumes. These pirolease inlhibitois have attracted the attention tI nulritionists 
becalluse of the possible role they might play in determining the nutritive vatlue of'
plant proteints. It was not long after soybeans were introduced intolithe United
States that Osborne anid Mendc4 ('1)17) made the significant observation thtatsoybeans had to be heated in order to support tilenormal growth of rats. Ktinit, 

230) 
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raw soybcans a protein that had the unique
(I 945) subsequently isolated from 

to form an inactive complex.
property of comlbitling with trypsin 

It was logical to asstlneIthat tile trypsin inhibitor was tile substance responsi

poor luritive vatlue of unheated soybeans. The hypothesis that its 
ble for the 

the basis of its ability to il,'*bit intestinal 
could be readily explained oneffect 

fact methionine exerted a
hii addition, tile that

proleolysis was appealiIng. 
f raw soybeans (Table I) was taken 

miarked improvement ol the nutritive value 

to indicate that tile trypsiln inhibitor somehow interfered with tile availability or 

from the raw bean.utilizationm of miletlionime 

Mode oA., clio! in the .. nimal Organism 

It flow appears that the trte explanation for the growth-inhibitory property 

(f the trypsin inhibitor is not sitmple. Although more than 25 years have elapsed 

since Ktmit, first isolated a trypsin inhibitor .years which have witnessed 

the subject (see review by Liener and Kakade,
literally hundreds of papers oti 

theie isstill a decided lack ot certainty regarding the significance of the 
Iq())) 

node of action in tile intact animal. There seems to be 
trypsin inhihitor amnd its 
little doubt that liypert roplty of the pancreas represent, one if the primary 

soybeans (lBool, et al.. 190) or 
physiological effects produced by feeding raw 

isolaled inhibitor (Nesheim, et al.. 1962). Booth. et al. (I 960) are of the
the 
opitioll that pancreatic hypertropt ly leads to aln excesssive loss of endogenous 

the I ,ucreas. Since this protein, conisting largely of pancre
protein secreled by 
atic en/yoles, is tich in cystine. the resulting eff'ect is a net loss u' sulfur

explain why the need For
ciOlailliing almliu acids frtlun tile body. That would 

even more
ietllioulie, which is limiting in soybean protein anyway, is rendered 

acile ill diet: conlaining raw soybeans. Recent evidence inilicates that trypsin or 

clmvtotlylpsill ill the intestilte suppress pancreatic enzyme secretion by feed-back 
enzyme secretion by

a1tld that trypsin inhibitori evoke increasedinibilio. 
and Lyman, 1972;

counteracting the slippressiomi produced by trypsin (Green 
Niess, el al., I1972). 

in a large number of other legumres,TrVpsin inhibitors also have been fotul. 
etc.. inl f'act, all legumes that haveincluding the peaut, navy bean., linla bean, 

to date have been flound to contain trypsin inhibitors to varying
been looked at 
degrees. The exact nutritioual significance 0f these inhibitors is not clear, be. 

cause there does 1(11 appear to be aliy clear-cut correlation between tile Irypsin

of" various legumes and the beneficial effect which heat has on
inllibitor colelll 
their n tilt ionial value (Ihrchers and Ackerson, 1950). The presence of other 

later, no doubt tends !o obscure
growtlt ifillibitors, which will be discussed 


whatever dell imnental effcct the trypsin inhibitors per se may have on growth.
 

lactrs" .lffeicling the irrpsin InhibitorContent 

to which the trypsin inhibitor in legumes is 
heat tratmnu'l. The extent 

destrev'ed by heat is a ftunction of the tempera tre, dtration ofi heating, particle 

variables that are controlled closely in the cOn
size. aild moisture conditions 
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niercial processing of soybean-oil meal inl order to obtain a product with maxi. mum nutritive value. In general, autoclaving in an atmosphere of stean atlb/sq 2 in for 15 to 

15
10 min serves to inactivate the trypsin inhibitor of soybeans

almost completely. If the beans first are soaked overnight. steaming at atmos
phezic pressure serves to inactivate the trypsin inhibitor. The extrusion cookingprocess, developed for producing a full-fat soybean flour for village use in underdeveloped countries, yields a product that is free of' trypsin inhibitors and isreported to be nutritionally equivalent to good-quality, toasted soybean flour 
(Albrecht, et al., 1967). 

The trypsin-inhibitor activity inherently present in soymilk :all be eliminatedeffectively by proper heat treatment of the liquid product or by spray-drying
(Hackler, et al., 1065). It is ot significance to note that properly plocessedsoybean milk has a nutritive value that is almost equivalent to that of cow's milk
(Shurpalikar, et al., 1961 ). 

Comparatively few studies have dealt with tlhe et'ect of heat treatment on tietrypsin-inhibitor content of' other legumes. Althoug the trypsin-inhibitor con
tent of groundnuts may be destwoyed effectively by heat treatment, little or nioimprovement in nutritive value is apparent (Borchers and Ackerson, 1950, Anantharaman and Carpenter. 1969). When an improvement in nutritive value does accompany the inactivation of trypsin inhibitors, the destruct ion at' oithergrowth inhibitors in sonic legumes (see below) may becloud the issue. 

Germination. Although germination is known to resuth ini a improvement in
the nutritive value of soybeans and a number ot' legumes, that ef'ect appears to
be unrelated to any changes in trypsin-inhibitor activity in the germinated seeds

(Liener and Kakade, 1969). The 
reason for the beneticial eftect o germination
on the growth-promoting property ot leguiies remains unknown. 

Fermentation. Sonic investigators have reported that the nutritive value of
such fermented soybean preparations as lelnpeh and natto is S(1ewhat en.hanced as a result of the fernientation process (Smith, 19 3). These t ndiigs areconsistent with the observation that there is no pancreatic enlargement itn ratsfed diets containing tempeh (Sinith, et l.. 1964), indicating that the trypsin
inhibitor had presumably been destroyed by the heat treatment involved intempeh preparation (tile beans are boiled t'or 30 nin prior to the fermentation). 

TABLE I
 
The Effect of Heat and Methionine on the Nutritive Value of
 

Soybeans for Rats 

Dict Protein -fficiency 

Ray soybean meal 1.33 
Autoclaved soybean meal 2.62 
Raw soybean meal + O.6'; methinine 2.42 

From Liener, et at., 1949 
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Soj,hean isolates. More recently, consideable attention has been given to the 

nutlritional properties of soybean isolates and the textured meat analogues 'abri

caled theicetrom. Although the nutritive quality (l these textured food prtd(cts 

or beet, the proleintohas beee reported to he essentially equivalent casein 

of the original protein isolate was very low and could he improved by
efficiencv 

lhese resuilt would indicate lhe possible
leal treatment ( lressani. eit..al97). 


--inhibitors that

piesILceI oloresidual growth inhibitors in the proiteiu isohite 

the isolate into fiber. \We have 
were inactiv:acd during the process (t' converting 

pIrot.s or aitr0llrpticoC;Sioll to a1niumber1Cl" of these textured 
and fiber are 

h1:1d1 XUlllliite 

aclivilv, and. :islile dala if) lable II show. lie sovhean isolate 
mea an:alogues have

surprisingly rich in t rypsin-inhibitor activity. The processed 

a reduced, bit measiuiable, level illnitryptic activily. 

I'adh'tal I)iffrrcnc's 
di-


Most plalnt-lbreediig studies invwling leguties, notably soybeVas, h:ve been 

to Chatges ill oil and proteiln Cotntent and :iriito-acid colptositioti. withrecled 
little attention being paid to Irypsin-inlihiior conttent. Itt a study supported by 

at Miniesoia tundertook alt exa
the tI.S. Il)atinetit ot Agriculture, our group 

commercial and expeli iental strains olCt ,mtinmtion of la ge lltollbel of diffei 
:tttitpt

SOVbelins for their trvpsiit-iihibitor content (lKakade. et al.. I 72). A 

was lmeim madc to estaublisl vha rchliolship. it any. might exist beicitc these 
aIssays.atClivilies Mid the nutritive ptoperties of the prtein :isiue:,l1'ed by liat 

toI sho\ws alscater dliagraiil fl te rypsi-iiilmihiitm activity il relationFigule 
rpeeltIt:liVc olthe noCP , Ibr 2b,diltleClet vaielies of str:lin., id ' beC;tllS 

tlhmaI0)samples lh:11 were screenICd mitially. lh abhsene t1 anlc ' eAlalion 
Quilt untexbetween trypsiit-inlhibitor activity and PlFR is illmioedia!tely appa11rent. 

a highly negative sigimlifilt correl likim was observcd be
pecledly. Iowevem .
 

tween the weights of the pancrems aii.d PER IFigure 2).
 

TABLE 11
 

Trypsin Inhibitor Activities of Soybean Flour,
 

Isolate, Fiber. and Finished Textured Products
 

Anlitrypsin Activity 

lIIgmoI .itl.ts.(try 
x i)-3 ot oylltorProduct 

IOt0(mihtmated) S6.4Siotlolril" 


25.5 301Sloybtean isolait 

12.3 14Si)bc:n fiher 

('hicken Iiil;I e 6.9 

amlltoi)lc 10t.2Ihua il 

6.5 7lice Iinllo ei 

thile Kak ltc.ci al.t 1969).STr psin-inhibilttr activity detrm ined )), mehitid olf 

reference. I Irln Licier. 1971


TIlU = trypsin-inhilubior unif, as detfiied in this 

12 
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TRYPSIN INHIBITOR ACTIVITY 

(TIU /mg protein x 10" 5 ) 
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Figure 1. Scatter diagram relating trypsin-inhibitor activity It) protein-efficiency ratios of 
various soybean samples. (Taken from Kakade, et al., 1972) 
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Figure 2. Relationship of weights of pancreas to protein-fficiency ratios of various .Noy
bean samples. r = coefficient of correlation. (Taken from Kakade, et al., 1972) 



244 

A possible explanation for the discrepancy noted here may be that the Inea
reflect tile true

sureinent of' antitryptic activity as measured in vitro does not 
trypsin-inhibitors might be

inhibitor content of tile soybean. For example, the 

bound in such a faishion that they cannot be extracted by tile aqueous solvents 

generally employed for their assay. This might explain why the water.insoluble 

of soybeans, although low in antitryptic activity, nevertheless inhibits
residue 
growth and causes pancreatic hypertrophy (Saxena. et al. 1963). One cannot, of 

soybeans a 
course, exclude the possibility 	 that there may be present in raw 

trypsin inhibitor, but nevertheless capable of
factor totally unrelated io the 

causing pancreatic hypertrophy and an inhibition of growth. 

Another factor that complicates this whole picture isthat there are different 

and it is possible that these also may
kinds of Irypsin inhibitors in soybeans, 

differ in their phsiological effects. This possibility is suggested by atrecent report 

one variety of soybean. with a trypsin-inhibitor compo
(Yen, el al., 1971) that 

from that observed in regular conimer
nent that is electroploretically difTerent 

cial varieties, is nutritionally superior to two commercial varieties with which it 
leunies for 

was compared. Thus, any screening program of soybeans and 
not only the levels of anti

trypsininhihitor activity should take into account 


tryptic activity but also molecular differences in tile inhibitors themselves.
 

Possibh' SignijlcI(nce in Huhman Nutrition 

Essentially all of* tihe work dealing with the physiological efTects of the tryp

sin inhibitor has been done with experimental animals. As with most nutritional 
to

studies, we are tempted to extrapolate the results obtained with animals 

subjects. But,, il the case of the soybean inhibitors, are we really justified
human 
in doing Ihis? It is of significance to note that virtually all of' the in vitro studies 

with trypsin inhibitors have involved tile use of bovine trypsin, because of its 

a crystalline preparation. More recently. how
realv Colunrercial availability as 

ever, it has been demonstrated that human trypsin is essentially uninhibited by 

the soybean inhibitor (Feeney, et al., 19(): Travis and Roberts, I19)). 

Furthermore, it may be pointed out that ovomucoid, tle egg-white trypsin 

inhibitor (as demonstrated with bovine trypsiln), likewise is incapable of' inhibit

trypsin. which perhaps may explain why ovom ucoid has virtually no
ing human 

nitrogen balance of human subjects (Scudamore, et al.. 1949).
effect on tile 

Fromn these various lines of evidence, therefore, one is tempted to conclude that.
 

despie the considerable body ot evidence which implicates tle trypsin inhibitor 

to tie poor nutritive value of' improperly processedas a factor con tributing 

legumes in animals, they may have little, if any, relevance to human nutrition.
 

Other Antinutritional Factors inLegumes 

P/Ititohenagglh ti int.n 
Another substance that appears to be distributed universally among the le

gumes is a protein with the unique property of being able to agglutinate reo 

blood cells the so-called phytohenmagglutinins (iaffM, 1969). A number of years 

ago, we were able to demonstrate its ability to inhibit the growth of rats (Liener, 
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1953). It may be estimated from the data in Table III that the soybean hemag
glutinin can account for approximately 25 per cent of the growth inhnirion 
that raw soybeans produce in rats. 

We next turned our attention to the possible nutritional significance o' the 
phytohenagglutinins present in other legumes, particularly those which enjoy 
popular consumption in some of the less-developed countries. For this purpose, 
we obtained samples of a black bean from Guatemala, the Bengal graim and red 
gram from India, the mung bean from the Philippines, and a domestic variety of 
the kidney bean. The effect of heat on the nutritive value of these [eals is 
shown in Table IV, where it is apparent that the growth-promoting properties of 
only the black and kidney beans were improved by heat. As shown in Table V, 
these same two beans were also the only ones which displayed a significant level 
of hemagglutinating activity. 

TABLE IlI 
Growth-Inhibitory Effect of the 
Soybean Hemagglutinin (SBH) 

Protein component Weight gain %Growth 
of diet gm/2 weeks inhibition 

25% heated soybean meal 60 0 

25% raw soybean meal 28 43 

25% heated soybean meal 
+ 0.8%SItl 45 26 

From Liener, 1953 

TABLE IV 
Effect of Heat on Nutritive Value of Some Legumes 

Cain inweight gm/day 
Source of Protein Raw* Heated 

P1haseohsrulgaris 

Black bean -1.94 (4-5) +1.61 
Kidney bean -1.04 (11-13) +1.48 

Cicerarietinum 
Bengal gram +1.25 +1.16 

Cajanuscajan 
Red graim +1.33 +1.74 

Phaseohsaureus 
Mung bean +1.05 +1.07 

*100% mortality observed during period tin days) shown in the parentheses. (From 
lonovar, et al., 1962) 
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TABLE V
 

Hemagglutinating and Antitryptic Activities of
 

Crude Extracts* of Raw Legumes
 

Ilemagglutinating Antitryptic 
activity activity 
IIU/mnl TIU/mlLegume 

I'hasous I'tgari.% 
2450 2050Black bean 

15523560Kidney bean 

0 220icer ari,'ftiiuim 
0 418

Caiatlu caIj(ll 
0 	 260

I/tas,'olusaurcts 

clarified by centrifugation.*A 10'; suspenhion of the finely ground meal in I'I; Na(. 

(IroI I lonovar. et at., 19621
 

these Iwo varieties oflthaseohis 'ulgaris were
1h1 pIhy tohetnaggit tinins from 

and fed at various levels to rats in a hasal ration containing
isolated in pule form 

an
10 per ccnt casein. From the data 	presented in Table VI. it is evident that 

TABLE VI
 

Effect of Purified Itemagghtinin Fractions from the
 

Black Bean and Kidney Bean on the Growth of Rats
 

Purified Average gain 
Mortality*Source of heniagghtinin 	 in weight 

(gi/day) (days)henl:gglutimi in diet (', ) 

0.0 +2.51Ilack bean 
+1.040.5 

0.5 2.37 

0.75 +0.20 

1.2 -0.91 	 15-19 

2.3 -1.61 	 12-17 

4.6 -1.72 5-7 

0.0 +2.31Kidney bean 
0.5 -0.60 	 13-16 
0. 5b +2.29 

1.0 -0.87 	 11-13 

1.5 -1.22 

*lO0',' mortality observed during period recorded here. lilank space inticates that no 

deathIs were observed. 
rain anmddried coagulum fed at the level in

**Soht ion of hemagglutinin boiled for 30 


dicated, ticmagglutinating activity was completely destroyed by this treatment.
 

From Ionovar, et al., 1962. 

4-7 
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inhibition of growth was obtained at levels as low as 0.5 per cent of the die!, tile 
kidney-bean lemagghltinin being much nore effective in this respect ihall tle 
black-bean heniagglntinin. In fact, at a level of 0.5 per cent, the kidney-bea
liemagghitinin caused 100 per cent mortality after about two weeks, whereas 1.2 
per cent of the black-bean hemagglulinin was necessary io produce a similar 
mortality rate. These data list) show that the toxicity of these phyftohemaggluti
nins may be destroyed by moist-heat treatment. We have found it necessary to 
soak whole beans overnight belore aultoclaving in order to effect coin plete de
struction of the pi'ytolieniagglutinins. 

Althougl. studies involving the direct feeding of purified pihytoheniagglitinins
have been limited, the presence of the substance in such a large number of 
legumes suggests that they may be of general nutritional significance and that 
their possible toxic effects sho0uld not be discounted. There have heeti occasional 
reports that inadequately cooked beans (Phas'ulhs)have plroduced toxic effects 
in humans (Faschingbauer and Koller. 1929) Reconnendations for the use of 
bean iour for baked gods (Anon. 1948; Marcos and Boclor, 1959) that may
be subjected to dry heat. rather than cooking, therefore should be viewed with 
cattion. 

Goiterogens 
Goiterogenic substances are found most commonly in plants of tlhe cabbage

family, which iInclude such common edible plants as cabbage. Luriips, cauiliflow
er, kale. Brussels sprouts, rapeseed, mustard seed. etc. Among the legumes, how
ever, only tile soybCans and lpeanlis have been reported to produce goiterogenic
effects in aniimals (Van ien. 1969). Inheated soybeans, for exailple, cause a 
marked enlargement of the thyroid gland of tIle rat and chick, an effect that can 
be counteracted by administering iodide, or partially eliminated by heat. 

An example of tile therapeutic effecti'eness of iodide in overcoming the 
goiterogenic effect of soymilk is shown in Figure 3. Several workers (Ilydowitz,
1960, Van Wyk. et al.. 19.0) have teporled a number of' cases of goiler in 
human infants fed soybean milk. Appareutly , the heat treatment employed for 
sterilizing these particular soybean preparations was not su fficient to destroy lhe 
goiterogenic agent. Iodine supplementalion, however, abbreviated this goiter
condition in inl'ants (Van Wyk. et al., 1959). The agentaarticularesponsible for 
the goilerogenicily of' itlproperly processed soybear, protein remains unknown. 

Rals fed groundtuts also develop enlarged thyroids, but in this instance tile 
goilerogenic priincijle has been idJeItified as a phettolic glycoside that resides in 
the skitn (Sreenivasan. et al.. IQS57). It has been suggested that tie lhenolic 
tietabolites formed from this glycoside are iodinaled preferentially, and thereby
deprive the thyroid (fI available i6dine. Thus, the goilerogenic effect of ground.
i,'its is effectively coulleracted by iodine suppletentlation, but not by heat 
treatmient. 

('anogen'tic Gly~co.sMes 

It has been known for along lime that a wide variety of plants are potentially
toxic because they conlain glycosides fiom which IICN iiay be released by 
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formula
" ..... SoymilkSoymilk formula + KI 

-a1.
0

-

1 2 3 4 S 6 7 
Time in wuks 

Iilk the.'[%% aT 1111Idine.,it mil Ilie tlb.\oid ,'anld 01'111Citla ,itll l
, i
I'lleL 3,.1 1lect of o 

Idi. k'In lroln Aldert'u. I9t I 

hydrolysis (tmtgomlery. 1)1)). Legtunes predominate in terms of" their 

cvaiide-prc,.~it.g potential. Illthe vears 11m1ediatelv after the turn of the 

War I. lima beans importedmnd aait dIlurinetwenlit.h c antur, World into 

l'urope .t0omtropical colutrie:, (Java,. Piueito Rico. and Burmna) 'were responsible 

and cases (itltillilliltoxication
for serioll utlbhi'aks of' C\allide po soning. 

lillna ealls ar'e lot umicolll lloll 
111111 tLhe .collilllplioll i certaill alleties il 

to note that most ot the 
to iv ill oltie 0'" ile lropicai collltries. It ik rt'assllrin 

aid lurope at the present time are
lima eal, coiisunMled ill tile United State, 


well l,w tile toxic levels ilmplicated Ill fatal cases of poisoning.
 

of" II('N is released )1 l ,cosid ' 
('atidt' ill til1 011'' t'i la phasco hmatif, in 

tile actioll of all tlIAllte preselt ill tile plaill
tlie case of lia bealls) tlhl ,110 

issuie (see IFigmllr IIvdholyis occ ls lapidly whell tile 'p0l0u1. htatlIlleal is-1). 
watel, and mo11st i, tile liberated Ii(WN Is lost bw volatili/atiot. Fntier

cotoked il 

coinking also leads itotil' ev'ellial destluctiolt ot tile ellyme. Yel lllally
cases t 

limia beans. It has been
IlIllall ittlxicatioll i'a\ e occurred even with cooked 

reported (G:bel and Kruge. IO)2) thiat ietn lima beals. which had beert 

cooked 1t destr,'V tile etnIVtnes lesponsile for c,.;mide tl,,ltnatonl, were ted to 

lttat subjects. cvalide could he detected ill tile rille. "ihishas led to tile 

suppolsitiotl tilalpelhaps et/.vies secreted ill tile intestinal tract or in' tile 

ttticltolltra of tilecolotn lla\be i,.,slponsihle for ieleasing II('N aflter ingestiot of 

tile cooked be'anus. 

A Iiriltain Iacurs 

meal (or tie protein isolated theret'ronl)File inclusion (f tinheated soybeatt 
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ii the diet of chicks may cause rickets, unless higher-than-normal levels of 

vitamin D3 are added to the diet (Carlson, et al., 1964). The rachitogenic effect 

could be eliminated by autoclaving the soybean meal. but supplementation with 

calcium or phosphorus was ineffective. Along the same lines, raw kidney beans 

are believed to contain an antagonist of vitamin E, as evidenced by liver necrosis 

in rats, and muscular dystrophy and low levels of' plasma tocophcrol in chicks 

(Ilintz and Ilogue, 1964; Desai. 1966). The antivitamin-E effect of raw kidney 

beans can be eliminated partially by hcat treatment. Tile identity of the anti

vitamin-I) factor of soybeans and tie antivitamin-E factor of kidney beans is 

unknown. 
Metal.Blinding Constituents 

toThe inclusion of isolated soybean protein in animal diets has been noted 

lead to a decrease in the availability of certain trace minerals, such as zinc, 

manganese, copper, and iron (Odell and Savage, 1960). In fact, an anemia caused 

by iron deficiency may be induced in monkeys on a soybean-protein diet, an 

effect which may be eliminated by heat treatment or chelating agents such as 

ethvlenediantinetct raacetate (EDTA) (Fitch, et al., 1964). Peas (P.satirm) have 

also been shown to contain a factor that interferes with the availability of zinc 

for chicks (Kienh olz. et al., I962). Autoclaving tile peas eliminated the require

for supplemental zinc. Because zinc supplementation was only one-third asment 
effective as atutoclaving, the presence of' an additional heat-labile growth inhibi

tor iii peas was postulated. 
The exact mechanism whereby certain plant proteins exhibit this ability to 

interfere with tile availability of metals is not known, although it may be related 

to tie observation that a soy protein-phytic acid complex has a special affinity 

for metal ions (Odell and Savage. 1960). 

Estrogenic lactors 
Factors capable of eliciting an estrogenic response in animals have been 

to occur naturally ini certain legumes (Lienie. 1966). Chemically. theseshowi 
with a sugar residuehave beeni identified as derivatives of isoflavone. combined 

(Figure 5). the latter being attached to one of the hydroxyl groups. Genistein 

have been isolated from the soybeani and shown to have estrogenicand daidzein 
activity when tested on tet':,le rats and mice. It is doubtful, however, that the 

these subnormal consuttmpltion of legumes would provide sufficient amounts Of 


stances to elicit a physiological response in huans
 

Ailsloxic ..t min ..I 

,1imosht'. Although the legume Letucacna glatca has been used primarily as a 

forage crop for livestock, particularly ini Ilawaii, certain segments off the popula

tion in Indonesia are known to consmnie portions of this plant as part of their 

diet. A loss of hair frequently has been obsered among those individuals who 

have eaten the le:aves, pods, and seeds in the form of a soup (Van Veen. I966). 

The toxic effects of' L. glaca have been attributed to its content otlmimosine 

(Figure 6). which is structurally related to tyrosine, and, when administered to 

rats. acts as a metabolic antagonist of tyrosine. 
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ISOFLAVONE 

Genistein 4', 5,7- tri hydroxyisoflevone 

Daidzein 4',7- dihydroxyisofla vone 

Isogenistein 2 5,7- tr ihydroxyisoflavone 

Tatoin 8-methyl -4',5 -dihydroxyisof lavone 

Methylgeni stein 8- methyl- 4,5,7- trihydoxyisof lavone 

Methylisogenistein 8- methvl- 2'.5,7- trihydroxvisoflavone 

iI urL 5.. SIrLIrIIIIrI' ol i' Lo r.llly ILcIIIflv! cstfrl! ;L'l,. 

FOUND IN LEUCAENA GLAUCA 

O Q-N-CH2 - CH-COOH 

NH2HO 

Mimosine 

HO- CH 2-CH-COOH-- =/ I 
NH2 

Tyrosine 
iilre 0,. Compal);risol ofII'Iri ll 'lllro, oI lllilllollet wilh lhialn oIfty.rlosimle. 
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Dienkolic acil. In certain parts of Sumatra, the djenkol bean (Pithecolohrium 
/ohamtu) is a popIular lood (Van Veen, I966). The bean isnot particularly toxic, 
but it sometimes leads to kidney failtire. which is accompanied by the appear
ance ol blood aind white, needle-like clusters in tlhe urine. Tile clusters arc a 
sullur-coitaini ,amino acid known as djenkolic acid (Figure 7), which is pres

ent ill the hean in tlhe free stale to the exient of* I to 4 per cent. Despite its 
struclral similarity to cystinc, it apparently does lot act as all antagonist of 

cyslille, btl simply escapes metabolic dcgradation and, because of' its insolubil
ily. crystallites out in the kidney Itubudes and urine. 

Uh~ntieil'd Growth hthihitors 

l)espite the vast aniount of research thmt has hen done on the soybean, the 

ptssibility still exists tha there may be present in raw soybeams some still
un1idelntified g .owth et t 070).for example, recently inhibitors. Schingo elh, ,.. 

have reported tie isolation from raw soybean meal ol'a growtlh-inhibitor traction 
that was t'ec o trypsin-inhibilr activity. Although this l',actor has not been 
c0tmpletely ipuriied and chaacterited, it appears to have a low noclCt1ar weight 

and iscomposed, at tihe present state olfpuriication, ol'al least eight positively 
charged peptides. 

FOUND IN PITHECOLOBIUM LOBATUM 

S-CH2 -CH-COOH S -CH 2 -CH- COOH 
I I I 
CH2 NH 2 I NH2 
II
 

S-CH2 -CH-COOH S-CH2- CH- COOH
I I 
NH2 NH2 

Djenkolic acid Cystine 

Figure 7. ('mo ar ison t"tie structure ot djen kolit acid with that (t cystine. 
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Lathyrogens
 

Lathyrisn is a disease associated with the consunption of certain species ol 
peas belonging to the genus Lathirnis.This subject has been reviewed recently by 
Rao, et al. (1969). The disease is particularly prevalent in India. especially 
during periods of famiie that result from droughts when tilecrop fields becomle 
blighted and, as an alternate crop, a type of pea referred to as chickling reici or 
L. satfi'ts is cultivated. Those who cijt this plant Frequently smltei.'r from an 
affliction of the :enral nervous sytenl that causes weakness anld paralysis of tile 
leg muscles and, in extreme cases. death (neurolathyrism ). 

Attempts to itentil'v the caus;live agent ofhllilunan lathyrisil have hCen coin
plicated by the fIact that another species of Ilaibl'rs L.otoraltus, or s,\eel pea 
- produces in rats a type oflathyrism (osteolatli, rism) cliaracteri/ed by skeletal
 
deformities. In contrast to this, rat,, thrive quite v. 'H 
 on L. saiirtsand do not
 
display the nervous disorder associated witlhillial'S colsulption of' this species.
 
Historically, the lathvroen of tile sweet 
 first 

identified as 3-(N -13-glutanlyl) alinllonpropiollnitrile, allhotgh (3 amfinopropi
onitrile is equally as active as an osteolathyrogen (Figure S).


Several 

pea was tile to be isolated. and wa 

groups of' workers inIndia have succeeded ill isoi.!ting fromn L.sati'u.s
 
a compound that nay very well he the causative prilciple 
 o" hlinan neuro
lathyrism.This compound 
was idelntified as 3 -N -oxadyl a.,3 diaminopropionic
 
acid (Figure 8), and its injection in ytMW, chicks. rats. ain( mnkevs produced
 
severe neuroloxic Syllptolms. All, collclusioln that tbis comll is. in f'acl.nolld tile
 
causative agelt off hilman 
 lathyrisin 1s! await tilO o tloile of experintlts
 
involving the oral ingestion of the neurotoxin by suitable experillenlal anilals.
 

Assuiing that xalyl-diaminopropionic acid is tile causalive 'aclorof lilman
 
lathyrisn, it may come as a surprise to learn 
 ial all o" tile misery associatled in 
the past with the coInSLllpj)tioll of' L. sathirs coluid have hell a'€oidCd by a 
relatively simlple detoxification procedure, involving steepingillthe delihusked seeds 
overnight, thn steaming tlelll for 30 rmin or roastinl, tilelm :t15)" for 2(1'1hin. 
Amino-acid analysis of tihe protein ofI.. Vtil-.U" indicates diat it is rich inlysine. 
and is theref'ore potentially Ilsel'il is a lysine supplemelil. 

Bre ding species and varieties of Lath rrtts are genetically del'icieml iil i:eti: 
Ileurotoxin is also a possibility. Ill extensive surveys of" dilTerent species ()I'
Lathy*rus (Bell, 1964) and ditflerent varieties of L.. vfwilt ' (Jeswa.li, q al.. I.)70), 
a number of' salples were fl)ltnd to lave little mr no oxal yl-dialilopop)iolic
acid. Un fort unately, MlanyV 11" Ilhese samples also cotainted otlilr c..ompountds
 

that could be latlhyrogenic, -long temill a. )-di;lliliobllyric acid and ,3-cvallo
alanine (Figure Q). whici also :ire known to produce neluroloxic eCfCees wen 
injected into animals. It is obvious tlai ally eriiOUS breedilg programi involving
Lathynvs must take into account tie possible role of these compo1)und%, as well. 
in the patlogenesis of latllyrism. 

Favism 

Favism is a disease characterized by hemolytlic anemia. It afTecls certain 

http:Jeswa.li
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OSTEOLATHYROGENS 

CoNI 

CHa 
I 

CHp 
I 

NH2 

, -aminopropionltrile 
(BAPN) 

Found in 

L.odorotus 

L .pusillus 

L. hirsutus 

Ii.!ure S. StructmIeits
I.(Jh i'rh .. 

CH2-NH2I 
CH2
I 
CH-NH2
I
COOH 

a,y-dIomlinobutyrc acid 

Found In 

L.lat if.llI 
L.Stvestris 

itlr . (). St m ' i1r.0 of 
Latl/yrus and Iifcia. 

CuNI 
H& 

CH
I 

NH 

CO 

(C )2 
CH- NH2 

COOH
 

P-(N- y-glutomyl)- ominopropionltrile 

l"I cuipolos.oIlIllhyrisln. found in certain species ofl 

NEURO LATHYROGENS 

CoN 

I 
CHZ

I 
CH-NH2
I 
COOH 


8- cyano- L- ota nine 

Found In 

V.ahv.o 

0 
CHZ-NH-C- COOH
I 
CH-NH 2
I 
COOH
 

/-N-oxoIyI- a ,P
diaminoproplonic acid 

Found In 

L.uotim 
L.cicero 
L.clymerium 

curo toxilis. found in certain species ofczniUllilds I[ht ,ct ais 
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FOUND IN VICIA FABA
 

H2 NJ NyNH
Hj I!12+ 

O0 y 
N 

2 GSH 
H2 Nr 

0 NIkyH 
H-011 

,yNHS 
+ GS-SG 

o OH 
Divicine (ox) Divicine (red) 

H2N N" H2N:1,, I N 1,,,,OH 
O H  

+ 2 GSH HOII + GS-SG 

0-"ry N 
H11 

0 OH 

Isouramril (ox) Isouramil (red) 

NH2 NHI I 2 
CH2-CH- COOH CH2-CH-COOH 

, H + GS-SG+ 2GSHH 

O OH 
Dopoquinone Dopo

[itl're Ill. ('omlpoundx tuund In i ica /aha that catahv~ lchoxidatlin otl utlatltioninc 
(2GSlI - GS-S(; ihe o\idl tive dcstructi1 of 2luth fionin undcrthmay bet th t biochemical event responsble f r fI'vism. 

individuals after ihev have ingested fresi, raw. or cooked !'irad beans (I'icia
j'ha). The subjlect of favisil has been reviewed receni~v by lon,,. et al. )(10)
and Mager. et ai. ( %9). TFhe disease is confined largely to tlhe inhabitalls of
countries si-ronnding tile Mediterranean basin. alithonli individais (I fhe same 
cthnic background tesiding in other countries frequently sulTer Iroti favisto.
Individual susceptibility to this disease is believed to be of genetic origin. and ill
attack is frequently precipitated simp, by exposule to tle pollen of te blos
soms of this leunIe. 

One o ' file dif!'icllies in establishlin tihe patliogetIesis of tavisto is that it has 
not been possible to reproduce tile disease in expelittiental an itals. III fact, the 
broad beat catl serve as a satisftaclory source otf piolein ill eedstutt's. although it
does lend te le somewhal deficient in the sulfur-conmainitig amino acids (lppen. 
dorfer. I1 1: Nitsan. I W71).

The red blood cells of individuals who are pione to favisti exhibit a ntinber 
of biochemical abnornialities. tile tmtost significant of which ale reduced levels of
glutatiiote ard glcose-6.phosphilte dehydrogenase activitV. Reduced levels of 
both of these' factors are believed to deslabili/e tlte itiegritv of time cell tiem.
bratie, so that to SOlieexposure cotmnpotent of tlie broad beatl tile[ precipitates 
the hemolyiic crisis. 
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Recent evidence would suggest that the substances responsible for favism are 
et al., 1965). Theseas g.glycosides (Mager,pyrimidines that occur naturally 

structures shown in Figure
substances, known as divicine and isouramil, have tile 

the aglycone moieties of vicine and convicinc, respectively. In vitro 
10, and are 
experiments have demonstrated that divicine and isouramil rapidly decreased the 

of red blood cells deficient in glucose-6-phospllate dehydro
gltathione content 

genase, and could thus account for the hemolytic effect exerted by broad beans.
 

rich in l)OPA quinone, which also has been shown 
In addition, broad beans are 

to catalyze the oxidlation of reduced glutathione (Buetler, 1970). 

that divicine was first discovered in the common vetch,
It is a curious I'act 

atil'1m, '. 1891 by Schulze. Divicine is 
Vi'ia sativa, :and the garden pea, l'iswn 

also toxic when injected into experimental animals and, because of its occur

one time thought to be the causative factor of 
rence in licia .miiva, was at 


latliviisi (Anderson, et :l., 1025). l)ivicine is not confined to the broad bean,
 

and this makes it difticult to accept the idea that the compound can be responsi

ble for a disease which, to out knowledge, can be produced only by the ingestion
 

of this palticular hean.
 

Conclusions
 

p)arent that, although there are numerous examples of so-called

It should be 

legtunes. they nevertheless have provided a valuable source
toxic constituents ill 

ile centuries. This can be attributed, in part, to the fact 
ot, protein to man over 

letoxify them by suitable preparative measures.
ihal has learned how touimt 

of our diet also minimizes the contribution of a toxicant
The varied nalture 

from any oe toodslft. Nevertheless, there is the ever.present possibility that 

of a particular legume that may be improperly pro
piolongCd consmp1ltiontile 

toxic elects that otherwise would not be 
o the sil':ccecessed could bring 

acute, it is not unlikely that 
apparetif. As tileshortage of protein becomes more 

world Will be faced, in the future, with a more
of, the population of" themuch 

of' plant origin and,
limited selection of proteitn 'oods, most of' which will be 


hence, potential carriers of toxic constituents. Tle food 
 scientists and plant 

be cognizant of such a possibility, and be prepared
breeders shotuld at lea:st to 

apply their knowledge in(! skill to meeting this challenge. 
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DISCUSSANT 

James Me Ginnis 

We have foiund that when Phascohi bean,, 'ire cooked adequalelyand lfed tochicks, Ihe best growth is about iwo-thirds that we would expect wilh i good,Iortimal diet. Even whle we corrected the be:n diet, Is Car Is we could, withatlllitto-acid supplenmen ts, minerals, and vilallllns. the glowtlh pelfr lltlce waspoor. We determined mnea:boli/able energy the energy tle chick can derivefrom beat diets and fouMnd it ito be unexpectedly low. We could not expl:tinwhy. Every other chemical antalysis inlt :caltc ihat we should have highel values.
But we must take ihe ;answe the animals give us.

About ihree Nears ago we agIain became intvolved ill examfining the itutritionalvalues of P/hstt)/us. We looked :at diffrent vaiielies anul IOund, as was it heexpected, that whlen 1'ed r:Iw. thuey were :all poor ill value. We got highly signific:It t respolses t)cooking: all of the vaieties tesled responded to metlhiornine.But. agaln. the value was low. Another aspect was : serions diarrhea we found illite anintals that were lfed high levels tf 'beau,. We then remembered the workthat had been repolrld on raw soybeauls, if) which pelicillin was part of themixture, and tried :a amtibiotic suppleumen talion oft(liets composed primarily of'raw of cooked Phascolu., Much to our sliurise. we found : tar greater growthresponse to the amlibiotic nixture Itan we did wilh hIe amino-acid supplententlioi. Itithat silualion. ill which two-lhuds of, the prolein 
a 

was from Iaxls rucsantd the other third f'rom aIilixture. illillto acid oh' uisly was Itl the moI(stlimiling deficieucy. Rallher, it was sontehiung that anlihiotlics could overcome.My interpretallion is lll we are dealing wilh cerltdin heat-sthle faICloS inbeans thiat depress growl i ilt some way. This depression is cotunteracted orovercome by antibiotics. I think it is :i indirect aclion ot the intestinal micro.
flora. I do not believe it isaImnlrietut defect, uiless we ire seeing the same 
kind(of' thing Ilat has been observed in gerlmt-free amiiafs: ittlestital nicrollora th:tcotilpete ef ecliv ly vith the host ;mimal for nutrients. For example, one scienlist who has studied aminlo-acid equieuelltlls of' germ-tree rals versus "collalltiroated.' or 1om11l, animls has found that the methionine requirement for theItormal growth of gerai-ltree rats isottly about 40 per ccitf' Iliat needed for thenormal auimals. So here, again, may bewe suppolring ofr Stimtulating a muchmore competitive micrt llora. This unay be related to time lypes of organislus that 
are involved it fIltilence. 
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iut we must look at the total nutritional effects of these bean products. Dr. 

Bressani discussed a product madc from casein and carbohydrate that attempted 

test animals consumed it far greater quantity of 
to simulale bean protein. The 

than of' any of tile other beansthat mixture, based oin a free choice with corn. 
fhe same finding. (Of' course, we are told thatoffered to them. We have mIade 

have taste huds, but our observations certahily indicate that theychicks do not 
have a tremiendous ability to discriminate and select on what basis. I do not 

know.) This kind of" finding could play a most important role in the total 

a bean is 20 per cent to 25 per cent
nultitional value of heant prodtls. After all, 

Proteii. 
We also have found recontly that perhaps we can overcome the antinutritional 

by a mild type of acid hydrolyelTecls in hea;is and in cereal grains. as well 
as much as will the anltiiolic. The

sis. This will implove the value of' beaus 

findiiig suggests that we are looking at a component in beans and other materials 

animal and so is directly harmful, or isnot
that is either not utili/ed hy the test 


utililed and serves to stimulate some intestinal organisms iin an adverse way.
 

Young amimals are affected mnoie seriously than are the adults, as we have found
 

by Feeding Son c of the products to laying hens. which tolerate tlheulvery well.
 

the total problem ot' inhihitory effects, we must be aware ofAs we hook at 
lere we should ma1ke whatdiflecutnt results with different kinds of animals. 

we 
progmess we can, from a breeding staMdpoint, as rapidly as possible. Then 

should at temipt applroaches to improve plants in ways other than by breeding. 
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GAS-FORMING PROPERTY OF FOOD LEGUMES 

D.H. Calloway 

Legumes are notorious inducers of flatilence. The first evidence of lattilence
in average, healthy adults is a sharp rise iii hydrogen concentration of the breath
about five to seven hours after eating large aumounts of beans (Figure I ) (Calloway, 1968). Shortly thereafter. gas begins to be passed f'ronl the ams. Both tite 
breath-hydrogen concentration and the rate of gas egestion diminish gradually
over the next two houts or so. Bolh parameters are idiosyncratic: some persons
have large increases in bieatlh hydrogen without passing gas after a dose of beans
that causes marked flatulence in ofters (Calloway and Iurroughs. 1969). In a
given person, the proportion of intestinally produced gas that is excreted via tfie
lungs and via ile anus varies to a limiled extent from day to day. IHowever. while
it is true that hydrogen concentration miay be clevated ill tile breath without
other evidence of gas forination (bloaling, borborygiuts, passage of gas), the 
converse sitluation (iii which increased amrounts of gas would be expelled fotin
tle anus witttout a rise in brealt hydroget) has never been recorded ill tests of 
flatulence due to foods. 

The ottmlinant components of flatus passed rotm tihe anus at peak productioni
rates are carbon dioxide and ltvdrogen (Figure I ). Some persons pass large
almounts of ruethane, as well, bul otlhels do0 nt10(Calloway, 19 6). Large volumes
of flaitls usually contain relatively small atmounts of nitrogen and oxygen: these 
atmosplteric gases are major constitutents of' lalus when passage rlate is low orwhen flatulence is caused by swallowing air a tluile different pheno enton 
from fbod-induced gaseousness.
 

Radiographic evidence indicates that the rise itt breath hydrogen 
occurs when
 
food residues are passing f'ron 
 tire lower ilenim in to file ascending colott (Mtr
phy, 196-la). itere tile abundant nticroflora fernient undigested food carbohy.
drates, foriting carboni dioxide and hydrogen as tite primary erd-plOlicts (Cal.
loway, et al., I 9)6)*. Methane will be formed farther along in tile colon if tile
individual's gut is co!oized by tMethatte-produciitg species. ('arbon dioxide is
added to the luminal gases 'romn bica lonate-rich itiestinal secrelions, food car
bonates, and etdogenous Inelabolistit. 
*Other minor volatile corlttottrtIs carn te forircnd (c. . tydrovtn sultfide, amlrronia) and a
number of 1on1'asus stubstaices (e.g., tactic acid, histaitmine, vitailinis). Increasedterial growtth and mild haat ion ArSo foltow cortsttpitiont of fooIs 

iac
high in iOOrty digestedcarbohydrates. This may have beneficial effects in terins of tcatth (Burkitt, 1969; Painter1972), bit Ihe accotmanyinr increase in fecal-nitrogen loss towers the apparcnt digestibil

it' of tile fou d protein. 
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each 30 minultesin the left rePre.scnt the volume of flatus gas collectediagram (llI' 
top, fasting for 24 hours withl

1)),rectal catheter from one subject under three conditions: 
centei- bland formula meals at regular intervals (*), bottom, test

foml mca at 8 i*) 
mneal five hours later (*).

meal consisting of' 100 ginl dry weight of while beans and formula 

C'urves on the right show concentration in ppin of hydrogen and methanec measured simul

taneously it the breath. (From Calloway and Murphy, 1968) 
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Gases formed illtilegut diffuse out of tilelunen into the blood, and gasespresent in the blood and tissues diffuse into the lumen, depending on their

partial pressures on either side of tileintestinal membrane. Diffusion rate is afunction of molecular weight, and is affected by the thickness of the ,llembrane
through which the gas diffuses and by the diflIering solubilities of tilegases ill aqueous and lipoid layers. When production 

the 
rates are high and the partial pres

sures of (lie bacterially produced luminal gases rise, diffhsitn into tileblood is
favored and the gases are transported to tilelungs, where partial pressmues againfavor their outward diffusion. Because hydrogen and methane :irepresent in
negligible amounts in normlal atmosphere, they will tend always to appear inthe
breath when they are tileformed ill gut. And. as there is no known nonb1acterial
metabolic pathway for pr lthiclion
of these gases, their presence inthe breali is a good indicator of bacterial fermentation ilte gul. Because it is ulbiquitous,
intestinal carbon-dioxide production cannot be tiaced in this way, of course.

There are a nutber of ways in which foods might rflecl tihe amunt of gas
forned in the intestine and tileroute of its disposal. If the food contains sub
stances that man cannot digest but that his bacteria can, the food provides a richsubstrate for bacterial gas formalion. This situation exists illnormal individuals
with the alpha-galactosides present in legumes and with milk sugar illlaclase
deficient persons. Foods contain substances Ihat directly affect gastroin test iial
motility and blood flow (e.g., pressor amines): that have surface-active properlies
(e.g., saponins); that interfere with respiration (e.g.. nitrates): and so forth.
Bacterial actiotn on the food may form other pharmaco-aclive stnbslances, such ashydrogen sulfide, a cjrbonic anhydrase inhibitor. There is even tie possibility
ti' "ffoods may affect the nature of the intestinal flora, as in tilepostulaled cases
of the Lactobacilhis hifilus factor in breast milk and tIle anlibiotic activity of 
the nold-fermen led soybearn Iod. tempelh.

Ill view of this complexity, it is not surprising Ihal the flatulence factor(s)

(FF) iii foods h-ve not been characterized fully. IF has been re:nioved from
white bLans by ,xhaustive extraction wilh 
 (00 per cent aqueous elhanol; tihe
 
extract contains oligosaccharides (slaclhvose. 
 raflirose, verbascose) aid small
 
peptides (Murphy, I1064b).


Administration of as 
 little as 2 gun of stachyose causes aImeasurable increase

in breath hydrogen (Calloway and Mirphy, IN68). Pulmonary excrelitn of
hydrogen after a 5-gri dose of rafflinose was almtitost as grea t as after a 10]0-gin

feed of beans, but Ilatus egestion was not increased appreciably above control
values when the sugar was caten (Calloway and Mitrphy 1908). Iligher dosages

of raffinose (8-17 gi) result 
illtypical Ilatus egeslion (our unpublished find
trigs). These dosages exceed the aniount of staclhyose rid(] raffintose Iund in
corinmon food leguites, but May be itt the rmige of total alpha-galactlsides
preselit. Corn plete quarititive analyses of lhese oligosaccharides have not been 
reported to date. 

Some food-processing methods reduce FE effectively (Calloway, et al., 1971).Precipitated soybean curd (tofu) has essentially no FF,and isolaled bean pro
teins also are free of FF.When soybean grits are fermiented with Rhizoptms
oligosponis to produce tempeh, flatulence is reduced markedly, lxperimental 
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treatment with an alpha-D-galactopyranosidase enzyme reduces FF in soybean
flour, Etlhanolic extraction of whole white beans results in a product with les
sened flavor but with reduced FF. A number of* other treatments, all involving 
repea ted aqueous extractions at various pli's, margimly reduce FF, but have 
adverse efTects on flavor and color. 

Until the food substances responsible for induction of excessive formation of 
gas in the intestinal tract are characterized completely, FF must continue to be 
quattilied by biological assay. Various assay techniques have bcn proposed, but 
only cerltain human tests arc fully satisfactory. 

Microbiological Methods 

In the interests of simplicity, speed, and economy, several workers have at
tempted to assay FF by me asurig tile anmotnt of' gas produced by bacteria 
acting on foods or single nutrient substances invitro. Bacteria used were mixed 
cultures derived from human ileostomy and colostomy residues (Calloway. et al.,
1966), and dog intestine (Steggerdh, 1908; Rackis, el ;l.. 1)7()): or pure cultures 
of . co/i (Steggerda. 1908) and ('1. pcrji'-,qc',s (Rockland. et al.. I969). In al 
cases, gas was evolved from bear substrates with anaerobic culiture methods. All 
mixed cultures showed the capacity to Iferclent stachyose, but leihler of' the 
organisms tested ill pure cullule did so. The most obvious weaikness of' this 
inelhod is lack o specilicily: in all instances, :;s much or more gas was produced 
whel the su slrtle contained common monosaccharides or disaccharides as 
when bean f'ractions \verc added. Also. to Ihe extent that Ilalltlence results fr-om 
a conibinatlio, of' bacterial i'erneutalion and olher 1actors aflecting the gul, 
bacteriological mrethods cannotl)provide t'oltplete answers. 

Gas Present in the Bowel 

Gas content of' rat viscera has been measured at various times al'ter bean anld 
controlIfeeds by a methIi od based (mil the dif'fCre ntl specific gravities of' gas
contlining aid gas-f'rec tissues 01 ledin and Adachi, lQ62). The extirpated irttes
tilies were broughl to volume in conslantly boiling II('l and weighed bf'ore and 
after digestion anid rCadjustnt t of' voluille. Because Calllnitates plresll in the 
gilt react swith the acid to leteduce gas. this mire thod overestimate s aS volunC. 
The measured ,olume would include f'ood-carhoiate contributions ard would 
reflect potential cf'Tccts of dlielary treatmUCnts il bic:arbonte secretion. (Corupo
sitiOtl of' Ilnlinl gas was detrC-initied itt these .tdies by analysis ol' gas aspirated 
I'rorr tie gu ill sitt, ar1d would nt l'MVeincluded C:arbhon dioxide evolved frol 
caibolltfes. Thuls. volhu,,e of, component gases (olher thanl CO, ) would be over
estimated by applying the observed Composition to Ime observed volumie. 

Because irruch more gas leaves the gul than is retlained ((alloway. 1968). this 
method attetnpts to measure the "tip ot' the iceberg." The rat ittestile con
taitled a1)o1t I nil of' gas 1tour to six hours after a ipuifiCd Con1trol diet vaIs fed, 
arid 2 to 2.5 oil when beans were fed. '[e coefficient of variation is in the order 
of' 15 per cent. but dicta rv efl'ecs have been detected relia bly by this method 
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when it is in skillcd hands (Hedin and Adachi, 1962; Ilellendoorn, 1969). Unfor
tunately, for present purposes, larger volumes of gas were recorded in rats fcd a 
diet that does not cause flatulence in man (purified amino-acid diet) than in 
those fed beans (lHedin, 1962). Gas volumes also were increased inconsistently
(Hedin, 1962), unchanged, or reduced (Kakade and Borchers, 1967) aflter anti
biotic treatments. 

Volume and composition of gas present in loops of' duodenuli, jejunum,
ileum, and colon of anestlhetized dogs werc measured after three hours of' fer
mentation in /ivo; gas evolved with bean homogenate increased progressively
caudad and was eliminated or reduced markedly by va;ious antibiotic tratmn ts 
(Richards and Steggerda, 1960). Because it requires special operative skill and is 
very expensive of animal lite, this method is better reserved for fundamental 
research than for routine screening of products under development. The proce
dure also involves unavoidable interference with respiration, blood flow, and so 
forth, and cannot be regarded as physiological. 

Hydrogen Excretion in the Rat 

Production of gases of exclusively bacterial origin, hydrogen and methane, 
can be measured by housing an ainimal in a closed system of known votlume with 
adequate arrangements for life support, i.e., removal of carbon dioxide, suMfi
cient water, and oxygen supply. SUCh a scheme has beell devised and tested with 
a view toward using hydrogen prodttction to issay the gas-forming poftential of 
foods (Gumbmann and Williams, 1971 ).Maxinum production rate o hydrogen
occurred four or five hours aftler beans were fed, but for convenience the investi
gators chose to measure hydrogen content of the chtamher I hours afl'ter the test 
began, when steady-state conditions were tihought to exist. The coef'licient of 
variation ranged from 24 to 80 per cent in a series of experiments (average, 53 
per cent) in which 3.2 to 7.7 ml of hydrogen per ral was recorded. Factors 
identified as contributing to variation were pre-test diet mnd duration of legume
feeding. There would also have been substantial and probably variable conlribu
tions of hydrogen (and methane) From feces that collect illthe cage during the 
test (our unpublished f'indings). In addition to tileenorotus prllem of standar
dizing a procedure subject to variation of this magnitude, the method has a 
scientific weakness. Carbot of flatLus, 
with large volumes of legume-induced gas; it is not and cl nmot be measured with 
this technique because endogenous production is iany orders of liagnilude
larger. Carbon dioxide and hydrogen are always found in tile 

dioxide is a major cOt ll,,itent partic:larly 

not sarle propo.

tions in flatus. Therefore, 
 this riehod, which measures only one component, 
cannot be expected to correlate we I with tests that measure all constilueills of 
flatus. 

Gas Content of Stools 

Gas content of stools from healthy persons can be sufficient to lower the 
average specific gravity from 1.09 to as little as 0.98 (Levitt and Duane, 1972). 
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The gas present was fond to be mainly methane, with very little hydrogen. 

Nearly half of' a typical adull population fail to show evidence of significant 

,f.oilml tion ((alloway and Murphy. 1968), and methane does not figure 

importantly ia the typical occtiience of flatulence live to scven hours after a 

itic~il Walloway, I 'Y10). Ilowevel, analysis of the constiltuent gases and measure

mucio tl'fecal specflic gravity (by means of a pyknoieter) 1iight be useful in 

judging othel effects u dieta-y Ireatment on lower-colonic fermentation in mdi-

Vidlials ,o ,,ealciscolonied by metlh:e-foriuing organisms. IlTe method has 

not belI ,; 11Ihis way. 

leimntb 

hydrogen (onltent fExpired Air 

a tood may beIrcl!h-hvldlogcn concentration can be used to predict that 

'-1Cd la the plesence otlni;absorbable carbohydrates, but not that the 

Itooot i.; c,-!woi if) caus 'e noticeable flatulence. Although it cannot predict .lhe 

pl{oablt whi, l]:itls, gas prodtclioln cannot be estimated-1 total properly 

viio,ni knovlo tit, pilionarY excretim. 

Mmon iflicuh measure at colncelltrationms expired airesIC Ito foutid illtile 

2 to Ineal"it -arls pIMmillion ).Breah samples must he collected and storedl ' 
if oildiICI Nimnw N.'INQis to thel, usually multilaminated. metallized plastic bags 

'all ia. ail I rptlv. 196). Ilydrogen concentration in this range may be 

measuled by a heliul iolli/alioll dletector at'ler chromatograpi;ic separtion Willi 

c:al ,ollln
a ,loo, s,:vc ((allo\vay aLd Murphy, i9 8). If ollly less

seph\isi!,catld ilstr:melltation is available, a rebrealhilmig technique may be used 

with .pil. fuecaaious to raise the hydrogen concentration iodetectable le

vels (levi:; I,t 9). 
l'o valid a;,oss:uenl of trealnilenls, ileaslilrellieits tmulst be mtade inl severv, 

6,oes ill a few people, and in aproved nonlatulent control. Inpeople of s de,:Il 
addition,. a swmlrd be:m-feding inus h included as ,periodic check. Tile test 

is costly, illilio subjects IlluSt be studied for severl hlittrls under comfortable 

conditions wilh :!.apulaled exercise and freedom I'ot emotional stress, and tie 

original investmenl inlequipment is considerable. 

Volume of Egested Flatus 

.I wo teclniqlies are known l Or me asu riig tIte gas Con tellet of tile IMtlnan gult. 

The fhist, a pletlhvsmogiaphic method, requires bulky and cotuplicaled apparatus 

and gives widely differelt values itt diTereil invesligations (Calloway, 1968). 

The olher t1etlhod involves flushing out tlme himinal gas by inftusing an inert 

cariei gas, argon (Levill, 1971 ). This method require. intubationt of the subject 

and ai high flow lal, 30 fill per ilin. of infusion gas, which entails disconifort 

ranging I'tutmild distentiolt to severe clalps and vomiting (Levitt, 1968). 

ResponScS observed untder tlese conditions would be distorted by the proce

dute: at high flow rates, gases that might otherwise be removed by pulmonary 

veltilationl would be swel)t fron tile iltestital motility is knownguit; to be 

altered, which would change the rate at which food residues move along the 
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alimentary canal and alter the substrate-microflora relationships: and :;ote alter
ation of intestinal secretion and blood flow might be anticipated. Except amolng 
sadists, the technique would not be acceptable in any case for fhe repeated 
investigations required for product developmen t. 

It is quite easy to collect gas fron the aUns. and many invesligators have done 

so. Most have used intrarectal catheters of varions types attached to a collection 
vessel by means of tubing. Catheters are not entirely satisfactory, because they 

cause mild discomfort to the subject and occa sionally become plugged will fecal 

matter, which prevents gas collection. An alternative, and eqnally effeclive, tech

nique is to affix to the shaved, alcohol-cleansed, an)d dried buttocks an adhesive 

colostomy patch wilh anl attached plastic tnbe. To permit some physical activity. 

it is preferrable to collect the gas in an impervious hag (v.s.) The volume of gas 
collected can be measured manoinetrically, and its composition determined by 

conventional chromatographic Methods (Calloway and Murphy, I QWS). Gas caln 

also be collected by a flnid-displacenent techniqlle iii ai ordinary gas apparatis, 

provided the fluid is properly selectel wvii respect to solubility of gases (Kirk. 

1949). 

Gas volume and compositim 11ave been iiersired witi even si ipleu equip

ment (Murphy, 1964h). The rectal collection tubing is attached first to a drying 

trap (anhydrous calcitum sulfate), then to a U-tube filled With sodium hydroxide

impregnated asbestos (which reacts stoichiometrically with caihon dioxide), and 

then vented to the atlmosphere. Compotsition and/or carblo-diOXide cotltel 01 

rectal gas is measured ill samples taken at freilnetit intervals from the tubing 

proximal to the body: the total amount of carbon dioxide russed is detertinled 
by weighing the U-tube at tle same frequent intervals. FronI this inloriltation, 

the total volume passed can be computed with accuracy, if" stit'iciet measure
ments are taken. 
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INVESTIGATIONS OF FLATULENCE PROPERTIES OF
 
DIFFERENT FOOD PRODUCTS
 

James McGinnis 

The re:sults of studies conducted at Washington State University, using in 
vitro techniques and pure cultures o! Clostridjlum perfringens, show clearly that 
factors other than carbohydrate coten nIlay have a marked influence on the gas 
production by this organism. Studies of this type were undertaken becatise ol
the observed growth-delressing eff;cts of high levels ol dried beans on chicks 
and because of the surprisingly large respMse to antibiotic Supplulents of 
chicks fed such a diet. 

A decision was made early in these studies t) provide a supply o)f01'ladilv 
fermentable carbohydrate in tie form ot' glucose so that we might study the 
influence of fictors other than carbohydrate - oi at least factors other than 
glucose - on gas producli',n. One medium, described by Boyd and associales 
many years ago, has been used by many investigalrs and was used ill some of 
these studies; a second medium was devised ill our laboratory. It was tounld that 
addition of a bean homogenate to either of these media would stimulate gas
production, and it was also observed that many difterent products had this 
property. Some typical results obtained in our studies are sumniarized in Tables 
I and 1I. It can be seen that the ash component of beans was as active as tile bean 
homogenate in stimulating gas lroduction when added the W.S.U. medium,to 
but was much less effective when added to the Boyd medium. 

Many other insoluble materials have also I ecui tound to stimulate gas produc
tion by this organism when added to the W.S.U. basal medium. The results 
obtained with the Boyd medium indicate that it is pIob;bly deficient in more 
than one factor necessary tor maximum gas production by Clostridium per
fringens. The addition of yeast extract to this basal mediun stimulated gas pro
duction, and a combination ol yeast extract and ash from either bean or soybia 
meal was more effective than was either material added alone. 

Discussions on the results we have obtained indicate that microbiologists have 
known for years that the presence of solid parlicles i a liquid medium will 
stimulate tile growth of C'lostritium perfJrigens. 
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TABLE I 

Influence of Medium and of Adding Beans or Bean Ash on Gas Production 

by Clostridiunm perfringens 

(;as Production 

iloyd Medium WSU Medium (C-2) 
Supplement 

nmg/tube 3.75 hirs 
-

6.75 his 3.75 hrs 6.75 his 

None 0 C) 5.0 35.3 

25 beans it 0 16.3 69.7 

S itbeans 0 6 17.3 73.3 

25 bea. ash 0 7 22.3 >75 

S) bo:an a0hI) 5 16.0 >75 

25 beanN1 25 bean ash 0 12.3 36.3 >75 

50t healls 50 bean ash it 14.0 39.0 >75 

W\aihingliotI State Univ.. 1971 

TABLE I 
Effect of Different Supplenlents to the Boyd Medium 

on Gas Production by Clostridinm perfringens 

nm gas production after incubating
Suppleontn 

3hrs2 firsag/tlube 


3.00
None 
6.7++ 

++ 

50 bean 
6.7

50 bean ash 

50 soybean ncal ash 14.02.1) 

48.14.515 yeast extract 
75Yeast extract + beans 18.0 

7525.0 

75 
Yeast extract + bean ash 

Yeast CxtraICt 4 sokybean Inlcal ash 25.3 

Washington State Univ., 1971 



THE POSSIBLE ELIMINATION OF LEGUME FLATULENCE 
BY GENETIC SELECTION 

Edwin L. Murphy 

Traditionally, man has turned to genctic selection to stive his many problems 
encountered illraising legumes: belter yields: nenatode and blight resistnce: 
color and size of seed: etc. In any proposed programin for plant breeding it 
eliminate or reduce legunie flatulence, tile geneticist has been trilstliated b' tile 
lack of published flatulence datal ida reliable assay Method rapid Cenogh to 
handle the hundidreds o1 s:irples gellrated. On1e scientist at a U.S. plant
introduction station Wallted 3.((10 eanl sallcles assayed or I;atileice. This
 
wt mi be a ye-year proic.t al or present late of lesting with Inmn subjects.
 

When ilattLlence is measured inl
humall test subiects inder collldled coidi
tions, differences in degrce oti'gas iesponse are noted alinog nillelbes t'the
 
legume family (NMnrlhV. 11)64: ('alloway. et al., 1971 ). Dry navy, kidney, and
 
pinto beans (Table I). producce more flatuleice than1do dry peas,peats, illng
beans, or soybeans. Sone of tire difterence in reported dataJoillattilence is 
probably due to dilTerences illthe variety of1legnmne tested ralher than to tech
liqnteS of'lneaslrelnelnCl Used Or to subject reSpunise. 
Illour laboratory, difference illnleasulble flatilence respolnse illhtnirnn 

subjects had been obtained with related nembers of the I'hascohislnalis gtonu 
(Table I1). When fresh ot/cinmature lima beants, [turdhnook variety. aire 'ed, tlre 
result is similar to a bland control of tilheme:l. The dry seed [o dtuh k variel. 
which is ntt norrrralv sold as a dr\ hCart, alsO did 1t0t prtticC a1sigflif'icant 
degree of gas formatiot. By cotriparison, tie Vetllrla vriely of dry linra beart 
increased tlhe of' intestinal gas lenol'ld ill Olis study.elimination 

When tile Foltlhd hl:rnd [:ridh uk varigenelic parerit. tok concentrate, o' tile 
ely was fed to several test suhiects. thre flatnlerne response Was ehlrivadelt tIrtile 
Phaseohts r'uiarix grttp. So tlre flatulence iactor ;ppears tt have herr lust ill 
tie dvloprert of Ile collnercially htzen heart. 

We obtained a sarrl)lc of a relptrtedly gasless member tfl'lhaschiusr'uuaris, 
Pike's Jacobs Cattle Bear. lie resull oa closs of aIreportedly t;asless,which was ft 
heirloomt "Jlacobs Cattle" behar(Iahscuhsrrtlgaris) wilh [Ite Black Mexican vari
ely. Wier fed to Iturlar test subjects, the hybrid ralisCL tie level ttf fkrrmalitom itt 
ittestinal gas to abot t t0tr tilres tIhat f tlre blnd c rtt ol rucal., ctrrmrpared to 
the expected tentftld response comron tohfIre Ihascohis r'ulkariseroup. 

The significance of'l tiese limited fl:tilenlce mreastmremerts oil mrembers (f Ile 
dry bear fIramily is thiat there appears to be a genetic tramsference o' tihe degree 
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TABLE I
 
Flatus from Different Legumes
 

Ratio* 

Phaseoltis rulgaris 

11.1California small white 
10.6Pinto 
11.4Kidney 

Phaseolus hnatus 
4.6Lima, Ventura 
1.3Lima, Fordhook 

!'haseohs nungo 
5.5Mung 

Ghycine max 
3.8Soya, Lee, or Yellow 

Arachis hypogaea 
1.2Peanut 

Pisn sauruno 
5.3Pea, dry 

2.6Pea, green 
1.0Bland test meal 

*Ratio of flatus from test meal of 100 g (dry weight) for a 
three-hour period measured from four to seven hours after 
ingestion as compared to abland test meal. 

TABLE I 
Flatus from Lima Beans 

Human subjects 

Varieties DC RD BM 

(Total volume (cc) for 3-hr peak period) 

Fordhook 
19Formula 50 0 

Green mature 41 0 14 

l)ry 93 0) 25 

Ventura 

45 166Dry 471 
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Figure 2. Flatus after ingestion of beans ,t different maturity. 
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of flatulence response. This suggests a possibility of reducing this undesirable 

legume trait by genetic selection. 
In any genetic study of flat olence, the degree of plant developmen t must be 

taken into consideration. In general. the i1nuautre green seed induces no ilatu

snbjCcts compared to the ustial degree experienced with the maturefence in test 
In the Ventura variety ofllima bean, the flatulence principle is not

dIrvseed. 
itesent three weeks bel'ore green maturity or maximum seed weight, but begins 

to appear about two weeks prio: to this stage (Figures I and 2). This is indicated 

of"a slight rise in breath and flatus gases associated with the
by the appearance 
tliree-homi measuirement period during which bean-induced tlatulence is experi

enced in this test subject. 
is marketed at a stage of developillent at which theThe fresh.frozin pea 

When test subjects are fed equivalent testflalulence principle is already preseti. 


meals of fresh-fro/en green peas. wrinkled-skin variely, and dry peas, smooth

skin vaiiet., the increase in latu foilition t')r
the fresh-fro/en green pea is 

almimost one-halt that of the dry variety (Table I ). 

The f:ltulence priiciple evidently does n1ot disappear rapidly tronl the cotyle
dons ol the geminalted bean. When the Califomia small white variety of Phaseo

long With developinghis i'ulguris was germinated to a1pcint of raldicles 10-1I 111111 

fcd to a test subject. the llulence respolnse was equivaleit totoot illr:l' and 
dry seed. Similar results were obtained an equal weight of the ungerminaled 

f'el subjects (('alltoway, et al.. ven soybean and mnng-bean Spromts were test 


1)71 ).
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DISCUSSANT 

Earl R. Leng 

When Dr. Ilyinowitz in our group at tlie University of Illinois first came to us,
lie began to work with Dr. Steggerda, who, as Dr. Callowav. has mentioned, was
involved with this problem for a long time, specifically with soybeans. Dr.

flyniowitz's work grew out of our interest in direct food uses for soybeans. Since
Dr. Steggerda's death, the flatus work at the University of' Illinois has not been 
continued, so I will attelnlpt to report only on the range or variation thlat1 Dr.
Hyniowitz has found working with !lie northern collection of soybean varieties. 

As many of you may know, the germ-plasm collection is divided into two
part,: one is maintained at Ut bana, IllinoiS; the other at Stotecville, Mississippi.
Dr. Ilymowitz has followed an analytic method very much like that l)r. ('allo
way has outlined. Essentially, afler oil extraction and protein precilitation, . 
sugar residue remains. This is analyzed chromatographically. l)r. Ilynowitz has
found ranges in total sugar varyinig, from around 6 per cent to more than 16 per
cent in the varieties used. More interestingly, Iwide range exists in tiledistribu
tion of different types of suga rs. The total sucrose flaction varies f'ron 4 1 per
cent to 67 per cent: some varieties have only about two-Ifjtlis. others as much as 
two-thirds, of the sucrose fraclion. 

Raffinose, which may or Inay not be implicated, as l)r. Calloway has said,

varies froum 5 per cent than 15
to more per cent of' the total sugars; slachyose

from 12 per cent to mnore thanii 35 per cent. These 
 figures clearly suggest an 
enornmous range of" varia)ility within the northern soybean varietal collection. In
the frequeticy of the (histribution of the different sugars, there are no such things 
as the nnm-raffinose or tlie ron-st achyose type, but trom very low to high ranuges 
are present. 

Obviously, the correlation of these is needed in dietary use by human sub
jects, but we are not in a position to do this. It merely leads to the suggestion
that, if soybeans are going to become a more important item of the hlunan diet,
correlations should be made. It also suggests that similar situations probably
obtain in other types. For instarce, it must be the case with the Fordhook 
derivative asopposed to the Ventura or other types. I would be most interested 
to hear any other evidence on thi, point. 
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UTILIZATION PROBLEMS IN FOOl) LEGUMES 

H.A.B. Parpia 

Food grains constitute nearly 80 per cent of tile diet of a large majority of' 
tile )CIle wiho live in, technologically less advanced countries of tile world. 
Quantitavely, cereals occupy the first place as tile source of calories and protein. 
and grain legumes are the next (Aykroyd and )oughlty. 1964). Qualitatively, 
however, grain leguines are more important, as they are the main Sources for 
certain important amino acids, stuh is lysine and threonine. Cereal legimne diels 
continue to be deficient in sulf'ur-amnino acids, such as lielhioniule and cystinle. 
Animal proteins are ot of reach for a large mnajority of the lv-inCO.ane group; 
of populations. Therefore, a sommd program of blceding isnece;sary to upgrade 
the quality of vegetable proteins. paiticularly time legume proteins, in order to 
raise the nuritional standards of these people. 

The position with regard to tihe production of legumies is not happy at pres
ent. As a resui of the emphasis laid ilmimproving tIle crop yield of cereals. 
legume l)rodluction has not on1ly reimained stagnant. but actually has suffered a 
set-back in terms of per capita availability. Recently. however, more attention 
has been paid to increase tile per hectaue yield of grain legmnes, to improve tie 
economy of their cultivation, and to develop varieties for different agro-climatic 
conditions. If, simnultaneously, due stress can be given to them, they can make a 
much more significant contribution to ovcrcolning protein-calorie malnutrition 
in most parts of the world. 

The objective of this paper is to discuss the place of grain legumes in the diet 
of the low-income groups of populations in developing countries, with particular 
reference to India, and to indicate the ilnporlanmt areas where- greater coordina
tion is requimed in research and development work between breeding programs 
and potharvest technology. 

Production and Consumption of Grain Legumes 

India is the largest producer of grain legumes in tile world (Table I), and 
efforts have been made in recent yeas to develop high-yielding varieties suitable 
for different agricultural tracts in the country. The "relay cropping' recently 
developed by the Indian Agricultural Research Inslitue, New )elhi, follows the 
culi tivatiOn sequence of whe01t-legnmes-maiie-oilseed crops. This system of crop
ping yields 90 qaintals of' cereals, 60 quint:als of grain legumes, 15 quintals of 
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TABLE I
 
Estimated Production of Pulses in Different
 

Countries in 1970*
 

Million metric 
tons 

World tot4l 44.4 
Europe 3.4 

North +Central America 2.9 
3.0South America 

15.3Asia 
4.5Africa 


Occania 
 0.1 
11.9India 
0.07Guateiimala 


Mexico 
 1.5 
0.05Philippines 
0.13Thailand 
0.37Uganda 
0.50Fthiopia 

*lProduction Year Book, Vol. 24, FAO, Rome, 1970 

8 quintals of oilseeds under the conditionsprotein-rich legume I"'lder, and 
studied. Prelimitnary effurts in improving the protein and amino-acid contents of 

lhese crops appear to be quite promising (l3ains, 1968). 

The consupltlion of legumes in some selected parts of the world is given in 

Table II. File importance of legumes in the diets in diffcrent parts of the world 

varies, depending on dietary patterns, availability, and local traditions (Patward

han, 11)02). 
The per-capila consumption of !-gunes varies in different states within India 

(Palwardhan, 1962), as in the world elsewhere. The consurption in the state of 

Tatil Nadu is as low as IOg per capita, whereas in Madhya Pradesh it is as high 
as 55g (Gopalan, el al., 1971 ; Table I1l). 

Surveys indicate that there does not appear to be protein deficiency in diets 

based on cereals when their legume content is 50 to 80 g and the calorie intake is 

suflicient (Parpia. 19771). Some typical diets containing cereals and legumes that 

can meet the protein requiretnents adequately are given in Table IV. 

The currently available 12.24 million tons of grain legumes in India can 

provide (4.5 g of grain legutnics per c.1pita per day, which corresponds to about 

14.2 g of piotein frotn this source (Par)ia, 1971 ; Directorate of' Iconomics and 

Statistics, 1906S). This would.indicate that there hiould be no protein deficiency 

in the diet, but uniform and equitable distribution is not possible in practice, 

because of widely varying consumption patterns and uneven income levels. If 

grain legumes are to tueet the protein requirements of a majority of the popula
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TABLE 11 
Consumption of Legumes in Certain Developing Countries*
 

Consumption
 
Country (g/capita/day) Remarks 

Philippines 14 

Western Java 6 

Mexico 42 

Venezuela 80 Rard workers 

89 Urban workers 

Guatemala 44 Poor lAdinos 

57 Other Ladinos 

Guatemala 51 Poor Indians 

58 Other Indians 

Togoland countries (I 3) 13-140 

South ot Sahara 10-1SO 

India 14-114 Colnlumption unit 

New Guinea 3 

27 Incltdcs peants 

Japan 5.5-7.8 Ixclusive o' 44 to 65 g 
ot"os\'ban and its prmlsttts 

Ilaiti 31 

*Patwardhan, V.N. 1962..,l c'r. J. (7in. Vuir. 11:2 

TABLE Ill 
Consumption Pattern of Legumes in India* 

Consumtptiol 
Slate (g/capita,'day) 

Madhya Pradedl 55 

Uttar Pradesh 55 

Gujarat III 

Rajast han 43 

Ilihar 42 

Punjab 35 

Maharash tra 33 

W. Bengal 30 

Andhra Pradesh 29 

Mysore 26 

Kerala 24 

16 

Jauntu & Kaslimir 8 

All India 

'Tamil Nadu 

34 



TABLE IV 
Low-cost, Balanced Diets (in Grants) Containing Liberal 
Amounts of Pulses for Preschool Children and Expectant 

and Nursing Mothers 

Preschool children Expectant Nursing 
2-3 years 4-6 yCars mothers mother:; 

Foods V* NV * NV V NV V NV 

Cereals 150 150 200 200 400 400 450 450 

Pulses 60 50 70 60 90 70 100 80 

Green, leafy veCgetables 50 50 75 75 50 151) 150 150 

Other vegetables, roots, and tubers 30 30 50 5O 75 75 75 75 

Fruits 50 s0 50 50 50 50 50 50 

Milk 300 20 250 200 300 200 300 200 

Fats and oils 20 20 25 25 40 40 40 40 

Sugar (refined and raw) 30 30 40 40 30 30 30 30 

Meat and fish - 20 - 20 - 20 - 20 

Eggs .- - I - I 

*V = vegetarian: NV = nonvegetarian 
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tion, their production will have to be increased by at least 25 per cent and linked 
with a planned rise in income levels and a sound program of educa tion. 

Storage and Handling 

Food grains, including pulses. ,mdeigo substantial quantilative and qualitative
losses as a resull of' rodent and insect infestation and infect iou by ulingi diriii,
postharvest handling, storage, and distribution. Such losses are particularly hea'v 
in India, where over 70 per cent o tihe food grains pro,!uced are stored and 
consumed in villages under very inadequate conditions for controlling inf'estalion 
and infection. Grain legumes slored in overground structures are al lacked by the 
pulse beetle (lruchus chim'usis), which causes heavy destruction of the grain and 
makes it unhygienic (Parpia. 107 1) because of the presence of excreia; the insect 
damage Irther crcat's flvorable conditions Ibr microbial infecliom. The pulse
beetle passe-; through eight overlapping generations in one \,ear. The progeny of 
50 eggs can reduce the weight of the grains (gram) by about 4() per ceil in just
six months (Singh, N064). Grains iltested by these pests are contaminated with 
metabolites, such as uric :icid. show increased I'tt acidity, and become tintit for 
human consumption in a short time (Venkat Rao, N60). Recent studies have 
shown that insect infestaition signiflicantly decreases Ihe prolein-eluiciency ratio 
(PE'R) of split chick pea and pigeon pea (Table V). The Milling yidlds of legumes 
are also reduced as a result of insec inflestation (Table VI). Thus. the losses aie 
both quantilative and qualitative. 

Several techniques have been leveloped and adopted I'or conlrolling insect 
infestation. The resident intesialion in grain legumes can be destroyed by tfuii
gating wilh a Illixtire of, ethiylene dibromide 11ud melhvl bromide. This also 
controls fungi. Cross-int'estalion by insects can be prevented by lrea.ing the jule
bags with special pesticidal emulsions. A sinigle treatment by a combination of
fu iigation and of' bags pre'e rve graills ill sotunldpest-prooft'ing can the food 
condition for about six nonths (Parpia, 1971).

Like other food grains, legumes stored in luiimid conditions are also attacked 
by molds. The survey carried out by the ('entral Food Technological Research 
Institute in the coastal areas of Nysore State has shown the presence of Aslergil
his sp. and Penicillizum citrinum and their toxic metabolites in tood grains (An
nual Report, 1970a; Parpia and Sreenivasamuitli. 1970). Considering the high
potency of aflatoxins as a hepatotoxic agent, the helth hazard can be serious 
(Arnla, et al., 1971). The growth of' mold onl food grains can be controlled by 
postharvest fumigation with (I) a mixture of animonia and lmiosphine; (2) a 
mixture of methyl bromide, ethylene dibromide, and chloropicrin; (3) ethyl
formate; and (4) chloropicrin alone. The last two are meant essentially for grains
in small quantities, as their vapor pressure is low. These treatmen Is are sporicidal
in action and so minimize tie hazard of the development of fuungal toxins during 
storage. 

Cooperation of bre2ders to develop grain-legune varieties wilh increased re
sistance to postharvest infestation may alleviate storage problems and reduce the 
need of chemical treatments for control ot' insect infestalion and microbial 
infectioti. 
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TABLE V 
The Protein Efficiency Ratio of Chick Pea and
 

Pigeon Pea Infested by Insects (l0 Female Rats
 

Per Group; 10% Protein ill Diet. Experimental
 
Period: 4 Weeks)
 

PTRProtein source 

2.21I. 'hick-pea (that (control) 

1.83('tick-peat dhat (1inlested) 

2.04II. Pi. eon pea (control) 

Pigeon pea (intestedt 1.66 

TABLE VI 
Effect of Insect Infestation on the Yield of Dhal 

from Bengal Gram 

'4 Kernel Darnage % I)hal yield 

2 82('hick pea (uninsted) 

('hick pea (hnfte'tedby insects) 15 65 

Milling 
of' tile grain legumes produced in India are delhusked andAbout 80 per celt 

milled to produce splits (dltal ) before consumption. Traditional methods of 

deiusking and splitting are defective and give low yields, because of powdering 
and heak:ge. These operations have been nrtdernized, and suitable equipment 

has heen designed nfa'bicaLed by ('l:TRI. The milling yields of' dhal cal beand 
increased 1(0 to 15 per cenl by adopting this new lecltuology ('Table VII). On a 

national scale, adoption of tile new technology can add nearly 1.5 million toils 

of' grain legumInes to preseIt food supplies (lParpia. II)', and can improve the 

quality of'lmilled legnune by Inlininii/ing tile scouring of' the outer surface of' the 

grain, which has a higher percentage of" protein than does endosperm. 
grain legumes int differentRecent studies have shown tlat milling quality of 

plarIs of India varies widely as a re:sull of varietal and agro-clirtalic characteristics 

(Table VIII). The presence of' gums determines tile extent to which the husk 
mnoreadheres to the endosperrn. Bold-grain vrieties of' pulses cart be milled 

aI than can small and medium varieties, and require less drastic pre-milling 

Iteatlmells. The levelopmfenl of loose-husked varieties should he given priority 

in order to improve milling olit-tlrlHs. improve the quality of' dhals, and reduce 

the processing cosus. 
Table VII also shows thal altlhonigl substantial improvelient has been made in 

milling out-tunrs through modernization of technology, there isstill some differ

ettce between tile results so f'ar achieved and tire yield theoretically possible. This 
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TABLE Vll
 
Per Cent Average Yields of
 

lDhal from Legumes by Different Processes*
 

Conven-

Legume 

Ilone 
scale 

process 

tional 
commercial 

methods 

Improved 
(TIRI 
process 

Maximum 
lheoretical 

yield 

Chick pea 75 75 82 8') 
(Cicer arietiumn) 

Pigeon pea 68 75 83 89 
(Caiius ca/an) 

Black gram 
(P'hal tohts munttgo) 

69 71 82 88 

Green gram 64 65 82 89 
('hascolus radiatus) 

*Kuricn, P.P. l)a i from CFT RI. Mv sre 

TABLE VIIi
 
Yield of Dhal from Different Commercial Strains of
 

Red Grain Grown in India*
 

' Average yield
Strain Traditlonal Imiproved 

method niethod 

Lathur while 75 84 
I lyderabad red-white mix 72 81 

Bihar red-while nmix 70 81 
U.P. gray 68 80) 

Mysore red 64 79 

*Kurien, P.P. el al. CFTRI. unpublished data, 197) 

g'1p could pIerhaps be bridged to a significai1t degree by collaboration between 
breeders and postlhiarvest technologisls. 

Toxic Factors in Legumes and Their Elimination 

Many legumes contain deleteriotis, biologically active Iractors such as trypsin
inhibitors. heinaggiltinins, cyanogenic glucosides, saponis, and goilerogens.
Toxic compounds which cause stich diseases as lathyrisn and favisin are also 
prcsent in sonic legumes (Licner. 1962). 
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legnes are generally inactivited by
'Irypsill itilibitors present in many 

the red blood cells of Various species of
agglutinatecmikillg. I inlalggli tin ins 

anintials. Inclporatill of puirified hlenagleultinins from tifferent grain legunlies 

itas becei liotmd to inhibit the grolmth of albino rats. The 
ill,Vilthelic diets 

nnllilive value o1 the leetitnw proteils Caln be improved by destloying the activity 

of these coinpomuids hw heal lrcattncnt (Wlarpia. 1971). 

th toxic factors illblack hems( PI'/as'olusrulgaris)and 
In older thdestov 

filst mist be soaked inlwater before being 
field beaus (I)/cli s laiub), thev 

toxic conipotids illthe Ialh.vs'ri. species can be 
Stibjectid to leat iteatinelll . The 

the seeds illwai n \%,ater. Vlicl is tiler] disc:rdCd. lovesti
eluittiiiLd 1 soaking 

Research Institute. New
tie Indian Agricnlnrialc: 1[i'd ont recently ata,;Itiols 


lhat .vis'r rlII.colitaill oinlv traces of 
that sonme strains of1(11i, have ho\%n eI Al..(Swatllillalla.ll.i'thtitall 

cotllcll or developingo new varielies inthe toxin and lietce ale sal forConsnnmptioliic 

I()70). liv citltiva titg stlajits with low 

it ittiv be possible to eradicate
 

ones thai ate hiMhly toxic.
pl:CC ol' tC Lunoll 


t.ex t five to six \'eas . Favistn is a serious problem
 
:1ltvt',l in litdia! within the 

in large t:Utttilies.is cottsutMedtile I 'icid tlbilaIt sev.:ia Aflicati cotlnl ies vl 

mav he possible itdevelop varictics t these legumes 
iV seClisv hi..eitiv. it 

. it should he possible to develop valticlies of 
,.xill 'lll. Silihilwith ailow 

tlypsil and plowili ilihibitot .i Ilow levels of1'wilt
,,vertl otl lll 

Legumes as Daily Food 

of the dailywidely citstuIlted as :i pat
Aflti c-iokin, or pit1'1fii1g. legilies ire 

Ilmllviltldiional food prepartitiols if India. ('ottipaed to sOIsCMs. gr:1 
diet ill 

slltd ire ittllore accept
', Ii .asit to CO k un1de.fr ho011eC :lld 1itlI 1 oIditio 

Ie1111I
 

able it :il parls of the Cotyitv. 

("oohed I.kLgumes\ and Mll
 

in water overnighl t and the soakintg water 
Whle-liltm leumes :ltesoaked 

water for 3(0 to 40 minutes. aitd consisumed after
boiled illdraiaed olf. IThey ae 


salt lid spices mre added.
 

)halor I)lhu.shed. Split Iegume.s 
20 to 25ntintes. or 

These atv Cooked h, boiling in water for 40 to 50 

where available in certain turban areas. Salt and 
ilillites illa plessnre cooker. 

the cooked, mtshed dhal is consumed alotng with 
to taste andspices ate added 

Cereal pr'epalaio ilsl as soil). 

PuJff'd !e.gules
 
widelV ctisUMted tltoltghlout India.

dllied I' rlieIhPfed cltick peC :and 
ntot affect adversely tlhe

have shown Illtpuffing doestlbitno ills 


nutrilive value of tIhe plotein of the chick pea (:Acharya. et al-..

Sludies with 

1942). 

Trlditioal Saort' I'ri,,arations idli. 
Some ttftilecommtittont savorV preparations conitaining split legumes are 

http:un1de.fr
http:Swatllillalla.ll
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papad, arid adai. idli is a common breakl'ast dish prepared in inrary parts of India 
by steaming f'rrmented mixed dough of ground rice and black-graI dull. All 
instant idli mix developed a tire ('e1r:Il Food Techniological Research hilstitne 
has proved vry popular and is being mamulactured by several coummerci:i organ.
izations 'ill Indian citiL's (Sw;lirnatlhan. et al,. 903). Palads of papadans are 
paste goods prepared f'rorir black gain, green gralil, and oither valielies ofldlals
 
and produced both oila home anid commercial scale ilongholi t India. Extensive
 
studies have hcen nderaken for rali(cnIalhi :
/ iri :gaid ilechiliting tie plocessing
 
operationis (arpia, IQ71 ).
 

In a coiir\ like india, 
 which consists otf several agro-cliriatic iegions, tie 
cooking and oigarilmeptic qualities of grain legumes vary widely. IIi older it 
insure optimal conrsumrer acceptance aid to encolrage grealer rise ol grair le
gulires, it is ilrgerl lrucccssaly 1,or plant breeder , ii cooperation with tie lech
nologists, to develop slirils with better taste, flavor. arid processing characler
istics. 

Breeding for Nulrilion ald Safety 

As sirown illTabe IX, legirr., proteins ale rich sources of lysile anid 1hreo.nine, biut are doIlcieill iii inelhiolirrie aid tryx olhan.As I have p ied ollife 

protein efTicieicy ratio of nost raw ieguries is low, drre to tie adverse effeCts of1 
trypsin inhibioist . gi owvi'h inhibitors, aind heniagglhiriniits present iltheri. When 
heat processed opirrially, fite iniibilois are inactivated aind a rnirked increase ill 
the PER is observed (Verikat Rao, er al..Ili4: Table X). Wieri cooked legurmres 
are incorporated ini cereal diets at abhort flrc 1.5 per cerillevel, togethrer with 
Vitarinins andirilirrals, sO as to iprovide aboUl 2.5 per cert exira proteins tlre 

TABLE IX 
Chiemical Coinpostitin and Anlho-Acid Make-up 

in Some Indian Grain Legumlnes* 

Aiiinio Acids (gi 16gN) 
Protein Melhrio Tlireo- Trypro

'3 L.ysinll Cystinle nine nine pilaf 

Iengal grairn7. It 6.4 0.8 1.7 4.8 11.6
 
Ilack grain 24.0* 6.01 
 (.7 1.1 4.3 t0.5
 
Cow pea 24.6 6.2 01.7 1.0 3.2 0.6
 
Field bean 24.9 8.1 I.t) tt.7 3.3 t0.5 
Green gaii 24 .(1 7.11 11.6 t.t0 3.5 11.4 
Peas 19.7,1 1i1.4 1.2 1.3 4.9 o.7 
Red grain 22.3' 6.4 0.8 0.91 3.4 (1.2 

*Venkal Rao, S. 1964
 
+IE5lhimat(d illtehnrsked, sptit grains Wdtral)
 
tI)ried inalerial
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TABLE X
 
Effect of Heat Processing on the Nutritive
 

Value of Legume Proteins (Protein Level in
 

Diet. 10'/ Ex perinmntal Period: 4 weeks)
 

PIER
Protein Soturc' 

0.68Vipten pea. raw ((ajamils 'a/ait) 
1.43Ii l r. a;iloclavtd 

0.7Soybcan. r;aw 

,S 2.1
d,'hca n. iauil;vcd 

0.7I lorse vram. raw (IioiUJ' hillorusi) 
1.7 

o
I OTSrCAIlliliiit, lI'tl 

loss of body wt.Black lemi. raw\'(I'/anvoluh ruNgariv) 
1.35Iflack htall atlhlived 

markedly improved (I)aniel. et
dieI\v dCfiLieCHCI, i lrdr,th :laes of ials are 

al. 1')5 T hle XI). 
years have shown thai the deficiency ollxplilliclls cai ied out 	 illrecent 

ill legume proteils call be corecled by supplemeninethiiniiie and tlyp'tophiai 

ing with Svl(ihetic :1iniio acids (Table XII). ool example. Ihe IlPR of red grain 

TABLE Xl 
Rice and Wheat Diet*Supplementary Value of Legumes to 

'/ProteilCntent** Wt.gai, week (g) 

(a) (I)) (a) (b) 

8.5 5.7 13.7
I. Rice dici (RID) 	 .5 

RI) iBel'cal rainl (2.5'; 
8.(i 19.1C\iIi prile:i,) 11.( 11.0 


k I) wd .ram (2.5';
it 
L\ira proteils) 11.0 1IM. 7.9 19.3 

RI) N,oyhean (2.5,; 
8.( 21.6extra prolcltl.) 11.1 11.0 

RI) skim milk powdcr 
22.2 23.5(2.5'; e\lra rtciin,) 11.1 11.1 

11.3 1I1.0 9.7 17.6
II. 	 Whea lic t\VI)) 


WI) i Icl!,aI 'rai (2.2';
 
21.7c\lra litein) 13.4 13.3 13.7 

WI) i Nolvhean C2.2'; 
cilia pruclie,, 13.6 13.5 16.3 22.5 

WI) + red grain 12.2'; 
15.3 21.8e\tra protcins) 13.3 13.0 

\VI) ptotIlcr4 skilll-lilk 
24.0(2.2'; c\tra prolcins) I 3.6 13.5 23.9 

)anicl. ci al.. 1965
 
**(a) Without vitaiiin, antl mineralk
 
(b)With addition oI vitamins and minerals 



Amino-Acid Suppl~ementalion of Lciumc Proteins* 

I(Xd Sll Irokcii dura~g~ti gainl 

Kid ney bei.an. Mack (l'/ascohi.' iuliarkl/ I(1 21 0

4 0.3'; ineliioiii 
 I() 21 ((5.1
 
CA'ow peat (I1',if V111clu'VA) 
 10 21 1.3 
+ 0l.3,' metionitne 11) 21 31.5
 
I.C'nhiI (Llns cmh'n161i I10 21 2.1
 
+0l.3',' iiitli'.iine 
 10 21 10.5 
Ch'.ick p.'i1(her atictinui) 1I 21 27.32 
+ (0.3'; minlionine 10 21 00.'9
 
Pi ,
peil'pea (Caaj1 alt, -I) 10 21 4.2 
+().3';' miti'iic 1021 0.3 
ima bean (l'/awnolli' /hmnatipqv 10II 4.0)

+ (0.1'. filtIijoiiii 10I 30.0) 
Snap Iiemi(l'ha11ohv ruh.arivj 101 1I.1)
+ (0.1";iniiiliioliiiile 1I
I l.
 

+().T';1iiiilliJILiii IW( 23.01 
Bla:1ck hen~j(Phadn hari,%) 1( 28('i. 45.11 
+ (0.2'f,iimiltiioniii 10 28 12-1.0) 

+ 0.6'; inillionlinc 12 21 30.0)
 
G reen .raiii ra~uim)
(P/uznohmi 12 21I 14.4 
+ 0l.6' nietlinijm 12 21 22.7
 
Illack gain (/'hasclus miungn) 12 21 
 211.01 
+ 01.6'; mIlltiiiii 12 21 38.2 

*Venikal Rao. S. 190)4 

in)'ceases ho 1 .4 loi2.(' whiet, allili ollifltNIIi leeled willi mid'. livplolill 
(Aiiai IRepi I 1070b). litlife caso of' laIck viln. shlpplmnliaio filewi'. I
tilile)alonei%t'Ws Slfiietllf to incto.NL' [liet PER run 1.7 lii 2.7 (lnlpl'.isil 

dl~ fI'oinl (CFTR~I. MNle . 

ilalge (plilllilits u1,ienlics (I13(l , per kli\v) leads t() IlicIC.Isc'1 
Jploduclim ofl 

lailt(IS. 3li;Inll 1 Iinidiest wicleasWXAS tuulnl'.I 1)IL-[lili'Ile :1i1lill (1,ittins. 
gleen) lill prloducedth l~i IaI It SCill))) Aiiit liVC1 ~lliiitlSClIOICV (cv11l' ellt 
Xvi)) file piJiIsaccllidt ' lcloibs pcpawd t'.nn ditteremnl leglifiis were loweri
 
ll ill rals letd Oil COIII) SlIMCI. Hi.'ChICSI'.it efftll also oihs'ix'culeriIo~welil 1 WvaS 

when thie poiINsactim~Jidt' tracliunlS WCt'ci1C) deiLL ll anl alhe gntll(lIplo~liCi. 
lislied daft ftiul (FIR! I . 

C'oncerted hrt'edine pl'iogiams ;ire T~eCCSSars' fii L-ViuVi!Ig s11fillTS With Iel te 
ifii'-iti mlaketihl. par tictiiarhv jIlt!lldirllp iireiiInC MilIt\llllilall:ll.id p~uh. 

Sessillg othier desiraNe plolel lies. suchl Isretutiotn ot flatus and bioiod chlis. 
letoh among the collstimers. 

http:ChICSI'.it
http:incto.NL
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Utilization of Grain Legumes inWeaning and Supplementary Foods 

sufferers fromn protein-cal uric malnutrition are the vulnerable
The woiist 

pregniatnt women, and 
groups of population consisting of preschool children, 

lactaling uitothers in low-income groups. The availability of milk and other ani

is very low, and such products are otl(
mal products to meet their requirements 

has been dhoe inl different parts of the world to 
of their reach. Much woik 

quality of vegetable proteins through tmutual and amino-aid supple
uppgade Ihe 

1N71) to overcome the 
inentation, improved processing, -,nd utilization (Pl'arpia. 

wi\idesprCad pioblem of protein-calorie malnutrition. 

Parche"d or oasit'dt Spit ('hick Pe'a 

it prcled chick pea i:; an extensive cottage industry it
The Ip)i)tMtirti1 

l';isled. split. chick-pea ilour has been used as ill ingredient in certain 
India. 

Asian countries. Feeding
pIMcesS'ed pTOleill ftods developed ill India mnd West 

ratls have shown tht tasted chick-pea lour with vita
exper ilniens with Abinlo 

is an effective supplement to low-protlein diets that are 
uills Ind illineals, :addtled 

rrai/e (Table MIIIl. which are the principal staple foo0ds ill 
blsed oln t;iwcl and1(l 

these ea s ( [lasker. et i,.. lJ2). 
tood items. as well as 

Reali/i/ig! tile impoltance ol gainl legumes as traditional 

Food Technological Research Institute
Itot their unlt1ilive (ualities. tlhe Ceirtial 

has deveboped :aplteill Cocetitia.ite called lildiall Multipurpose Food Supple-

This pro)dluct is a very adLlequaltegan anlld edible peat:tltl loi.11eil to '01 , 
be added to tra.dilitral recipesdiets il litItd ,ird callSU:pl.,llerlt t ereIl 

five comirmlecial units
without irvolline ml,\ cllige ill dietary habits. [lhcre arre 


Itot prIrdi cirtg rllipupl seC ForIr ill dilfCerlt pats t' tIre :coiilly.
 

Precooked. Ilkh*rdruted,Orh'd, I1'(,tning Ikood 

nt a precooked. roller-dried
A plocvSS ha s+ been developed l t ile piepar mut 

ltull, tdelhtked chick pea, green !iamiIdhal. and
otodnl based or! a lleuld of wheat 

peanut Ili ftultilied with vitarmiirs anid miierals. The brlod couinintts 27 per cett 

for milk. incorporatimn ot
it 2.2 as clllMred \i\h 3.11plohtiil aird has a PER 

ccit level has iais,., tlre IIR of' this product
dehusked seS:rnuie i"or alt :1 15 per 

ptodrict oIf Iis type. developed tlrorigh collaborative efforts
t) 2.5. Atlr tlier 

with a coop itive illlrsti al rrganizaltirn. is being marketed successfrlly. 
Imir andn leuirres. ceeials, :rmrd peanutt.rnor.ked lilixrll, Comrnprrs ose gi 

Iave :lso beert urrrn)nchlt ald Used extenrsivelV il famine- aod
kniun as Bal-Altu. 

grrups nil'aieaS Io preelt litIry deicierlcies Jarito11g re aUhCtble
diSre.Ss-aflctI'ed 
Ihe poptilatioun (Pat pia,- 1971). 

that is It.bina 104 (paiboiled wheat, 0 parts:Vegetable-ploteil iuixtirres. 
10 parts) and LaIAbina 115 (par

parched cluck pea. 2S parts: arid skim milk. 
beel developed in \West

boiled wheat. 71) panits: arid chick pea. 28 parts) have 

Asian commtrit ies, based on tile local food patterns. These foods are acceptable to 

effective ill tire teallteltitl t' pilcin-callrie ialnutri
prtesscnil childlen anid mre 

rt" the foods vastly imupioves tili.oent rclentioln ill
lioll. The Consumption nor

in:ul. as vell as tualtiurislied. childhenl (Asfour, el ;l,. 1965). 
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TABLE XIII
 
Supplementary Value of Chick Pea and Other
 
Protein Foods to Maize.Tapioc, (NI-T) Diet*
 

%Protein content Average weekly 
of diet on gain in body

Diets moisture-free basis weight of rats (g) 

MI" +27.61T peanut flour 19.40 17.5 

NI-T + 29.1%' of 3:1 blend of peanut 
flour and skii-milk powder 19.40 18.5 

M-T +53.3,; chick-pea flour 19.80 17.2 

M-T +5I.'; of 3:1 blend of chick
pea flour and skin-rnilk powder 19.80 17.8
 

NI-T +35.3% Indian Multipurpose 
Food Supplement IFornmula Ct 19.80 18.3 
M-T + 38.2w' of protein food 
containing coconut meal 19.60 1P.0 

M-T + 40.6'; skim-milk powder 19.40 19.1 

Maize-tapioci 5.)8 0.6 

*•Tasker, P.K. 1962 

Mends of Whewt Hour and louasted Chick-ea Hlour 
The proteii-el'ficiettcy ratio and ove.mll nutrilive value of blends of wheat 

and Bengal gram flours (1Bal-Ahar type f' product) in variotus proportions, name. 
ly 80:20 (Blend I). 70:30 (Blend I11).and 40:i00 (Blend Il). have heen deter
mined in alhino rats. The protein contents of' the blends were 14.2 per cent, 16.I 

per cent. and 20.7 per cent. respectively, on a dry-weight basis. 
The PI'Rs of the three blends were 2.51) 2.4. and 2.34. respectively. They 

were further improved by supletmentation with lysite, methionine, and threo
nine (Daniel, et Al.. IN0). 

The mean weekly gains in body weight of rats fed on Blends I. II, and III, 
fortified with vitamins and minerals, were 18.3 g, I 5.8 g. and 10.9 g, respective
ly. over a period of' I'our weeks. Further ittiprovelll.mls were noticed wvlln the 
limiting amino acids were also suplplied. 

The results indicate that a blend of S0 parts ol wheat and 20 parts of Bengal 
grain containing about 14.0 per ccnt proein mightihe adequate to meet the 

protein needs of growing childrei' when tle blends are supplettntled with vita
mins and minerals. 

If the basic quality of tlhe raw material, particularly of' grain leguies. that 
goes into productio of such fods, can be improved in amitio-acid make-up. 

vitamins, and the elimination of deleterious factors and hlatus production, it 
should be possible not only to )upgradethe quality of various weaning and infant 
foods, but also to reduce their costs aid make their ctmmercial iMattufhacture 
tore ecolloilljic.. 
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Summary 

Quantilaltively, grain legumes arc second in importance only to cereals for 
overcoing proti i-calorie ialnulrition iindeveloping countries of the world; 
buh their qualita tive importance, :s compared to most cereals, iseven greater as 
sources of lysine ald threonine for Ihe low-i'icome groups. 

r(oduction ol'grain legumes and their tilizatlinzi have suffered a set-back over 
the last few yells because they werc not given the required at tenlion in breeding 
'rhelltl yields per heclare and iinraising their nutritive value, as was done with 

cereals. It is now being realited that the sitnialion must change wilhout further 
delay and high priority nst be given to imlprovement ot grairn legumes. The 
tle is orpprtrlmic to include in the breeding progranm a iumber of factors that 
call for esealch andle to overcomedevelopment dietary deftlciencies. and to make 
legimnes safer for human coi|stiUl'ioln. It is clear that there is nieed (I) to 
imiprove tile ariiiro-acid balance to make them better supplements to cereal 
diets: (2) to reduce and possibly eliinalte toxic and deleterious faclors that 
aif nutrilion adversely: (3) t'improve to ititrofect flavor ard acceplability; (4) 
duce certaill impi )verOiets iii the processing characterislics to raise the milling 
ouit-Iturni: aid (5) to imiove storage qualities 1o rilinirritZ the damlage due to 
iillestalioi and infection. If he yield per hectare could be raised arid combined 
wilh all the above Ifactors or :it least stirle of tlhei --it shOuld be possible to 
increase Ite ploductioll aid consumptior ot' grain leguires by naking them 
mirore econorical fr the cultivaler 111dbringing ihemri within tilereach of a 
larger iuiriber of consumers. In tlhat event, tile sufficientconsuiers might use 
quatities to ovelcoie ittritionlal deticierncies in their diets. Close cooperation 
among breeders, posiharvest techlnologists, and nutritionists can help to achieve 
the objective more effectively. 
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TESTA PIGMENTS IN CA JANUS CA JAN: 
CANNING QUALITY AND FLAVOR 

W.Vernon Royes 

A wide range of testa color, seed shape, and size exist in 0/ants cain. A
number of varieties were obtained fronu tile Indian subconLinent. These have 
varied in testa color flor a very dark purple, through a dark and light bro%,.,, to 
heavily speckled beige types. Nearly all West Indian material has a beige testa. 
some being more or less lightly speckled around tie hilurn.
 

There were 
four pigments in all the types I examined spectroscopically befotre 
1965: two dark pigments had absorbance maxima at approximately 00 and,030 
nni, and two light pignients hail maxima at 350 and 4)0 am. 'File pigments, riot 
atypically, are unstable in solution and present separationr ard analytical plt
blems. The differences between typo-..... rc in the lelative arinont11,t eak hi pig
nment present. 

When Ca/anus ca/an is cooked or cannedf with the Icsta in place, those that 
appear most lightly ,,grnented when dry become alr olive gieenr with mrc or less 
brown coloration, even when they are h:rvested in a green state. l :e mole 
heavily pigmented types with larger proportions of the dark pigments becomrre 
dark brown to purple on cooking, even whern cooked as peas arr d rice. but IhIL 
flavor, if one is intrepid enough to cat them, is very good. West Irdiars, highly

educated or not, are of the concerted opinion that thesC vlrieties are cxtrellely

unattractive when cooked, and it is interesting to rrote that 
 they are Irostly usCd
 
on the Indian subcontirent arid elsewhere as split peas frorm 
 which tie testa is 
separated. 

Sanclhez.Nieva, et al. ( 1961 ), have studied the factors affecling tre quality of
canned pigeon peas. MNany improvements have beeil achieved, especially in the 
turbidity and color of tie i rine, bil lne color reruaired am olive green or brown. 
G.M. Sanmmny (1971) assessxd the canning potential of the highly irrbred variely
G.1.26/2. By varying his conditions, lie was able to obtain ;i product of higher
quality with the uliform material ihi vith the mixtures iorrrmally available. bilt 
the color remained unchanged. 

S.C. Ilarland has rrentioned that in a market in Grenada, West Ildics. in 1926 
lie found four seeds o Ca/anitscajan with white testas. 

InI 19)65, I was given about two ponds of seed in Jamaica. It iad been bulked 
by the Agricultural )evelopmrent ('orporation, anh the seed coat of' this type was 
a translucent pearl white. Even Ire seed scar colorless. Upon Spec troscopicwas 
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ufilysis. it was shown to Co)llatt;1 only the lightest othtile piglnlts, :ld that at 

the level of" the previously known lowest concentr:atio.only 25 per cent 
a third of all acre of this type. and haItd-leap'd it carefully for canning

I grew 
Polt o S;:ril. 'lIrev hdlld-,hrelled tile pCIs arld Cannlled 

by lltwtiiollh Ftood ill 

I'letir il tile usual ruannter. TheIhrine ill tile tinrS W,,' le:l aid tile pIs wer' I 

did 101 taste anVllirg like pigtinr peals.
brighit green c )I rit thile,' 

that of 'ilnseasotled split peas.
'liheie was very little Ilavoi, and tile tasle was 

he disle-
This fiasco show.s that 1l)aht:1hdility ar1d CorrSllrel ateepliC' carnot 

it ',acctly:t' d objectively. It 
gaided, l 1itatllel how difficult it mav he Io lest 

illay be possible hltt iaturl:tl[\' )cltirilg t ttiichllly ploduced illuallits IaV 

arid still fet:lill tile 
appoar thi:1 will ct)il:lill leuco-forilis of [Ile plesel It )iglttelt't 

tile clucidlatiotl of ile slluctlle of tile 
Ilavt, but this .tiik ilay have it) await 

piglnl ls. 
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BREEDING FOOD LEGUMES FOR IMPROVED 
PROCESSING AND CONSUMER ACCEPTANCE PROPERTIES 

M.W. Adams and C.L. Bedford 

Edible legumes reach tileconsumer in various forns: 

1)green vegetables, such as snap beans, limas, garden peas, or pigeon peas, in 
the fresh or frozen state; 
2) matured dry grains, such as dry beans, peas, limas, lentils, or cow peas, in 
prepackaged forni or in bulk, obtained froin the village store or market place;
3) precooked whole grains in tin cans, with plain water, brine, pork, tomato 
sauce, or molasses added; 
4) roasted, flour, soups, etc. 

It is essential, first, to identify those properties of legume grains that appear

to be important to the consumer and 
 to tie processor. We will be concerned
 
with the properties of'seeds that are related to tie use-formls as noted in 2) and
 
3) above. 

Usage as Dry Seeds 

Edible legume seeds coic inmany sizes, shapes, and colors. Consumers have 
acquired specific preferences for various combinations of size, shape, and color 
of seeds and, in some countries, these preferences are formalized in tihe commer
cial class designation. Examples in dry beans (l'haseolus r'ulgaris) include (a) tile 
navy bean, an ovoid while bean weighing 16-20 gins per 100 seeds; (b) the 
kidney bean, a large, elongated, ovoid seed. dark red, reddish-brown, light red, or 
white in color, weighing from 50-60 gins per 100 seeds; (c) lhe pinto bean, a 
medium-sized, flattened seed vith (lark reddish-brown, striped mottling overly
ing a light tan self color, weighing 35-45 gins per 100 seeds; and many other 
classes similarly distinguishable. 

Visual Seed Characteristics 

The legume breeder is cognizant of visual preferences and does not often 
violate tie class restrictions when introducing new varieties. Although these 
readily identifiable seed characteristics determine the acceptance class, it isgen
erally recognized that intrinsic differences in cooking quality and flavor are 
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seeds. Tile breeder,associaied wilh the size, sliape, and color patterns of tile 

therefore, at a first approxilation, is reasonably assured of having achieved or 

"maintained au acceptable level of cooking quality and flavor in the new variety, 

provided lie selects carefully for tile appropriate class characteristics. Fortunate

ly. Ihese properties are highly heritable and are generally easily recovered in 

early segregating generations of' crosses. 

Mechanical )ailnage 

Ai additional property of the dry seed thal is of importance to both the 

cOllsillnel aid the processor is its susceptibility to mechanical damage, expressed 

is seed-coat bicakage and splilting of cotyledons as a resullt of abusive handling 

in haivesling and cleaning operations. 
As a general i rle. tie larger and more irregularly shaped seeds are more 

sensitive to nlecluical abse than ire 1lIt smialler, more iearly rounded seeds. 

oloisture coltent of seeds at harvest and handling stages is probably the most 

crilic:l factor. Iven within the recogni .. i commercial classes, however, differ

ences exact in degrees of tolerance to abuse and can be selected for by the 

bleedel. 
Ileliniiary scleening for resislance to mechanical abuse can lake place as 

eally as tle l: 3 geieialion. A sanple of at least 50 seeds is recommended, with 

tile seeds plevilusly ibolJll to ill equilibrium mloisture level that is known by 

expelience oi prcliimiua,' trial to be coincducive it) danage. The test prccetliire 

depelds tipoli inposiig all impact of still-icient force io damage perhaps about 

50 per cent oft tlhe seeds of' the standard varielies to some significant degree. A 
acomstiillt impact may lie achieved mlost simply by dropping the seeds against 

hard sirfac mlom stoime ambiltrarily chosen height. When various types of beans at 

abotl 12.5 pel cent iiioisitile level are dropped 10 meters onto : slanting steel 

surface. they ustally will incur snfficient lailmage to permit detection of genetic 

differences. 

A simple, powet-driven, rotary batting device tnaV be Isedl for samples that 

weigh 1010 gianls o inure, Or' when only :asample of 50 to IO( seeds can be 

sp.iued, a iloric precise impact tester is recomnmnended, suich as that developed at 

Michigain Slate I Iniveisily in the l)epartment of Agricultural Eingineering. 

So aking Time and Cook ability 

Rapid uptake of water is a desirable altribute of legume grains used for food. 

The hilul and inliclop'ila.r aMeas usnally aMnit water readily, bul seed coats 

differ strikingly in this regard. Both tile age of the seed and tile genotype of tile 

nitlernal palent alie importantr egulatory flactors. A well-hydrated seed coat 

admits waler fleely Ito the cotyledons, resulting in softening of the whole seed. 
Therefore, breeding liles can be tesiedt for soakability cither by measuring the 

weight-gain in soak water pun giveII period of lime, or by pressure-testing a 

soaked samtple with a shear press. 
InI comkability testing. ho , soft water should be used on seeds graded for 
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uniformity in size, age, and initial moisture content. A device such as the expei
mntial cooker thal was built tile Western Regional Reseallh Labolaat USI)A 
tory for testing the cooking time illbeans appears suitable for any of the le
gunes. The test can be conducted onl single seeds or oinany ntunliber up io 100 at 
aItime; the results with the larger samples ate expressed as number oftIinutes to 
achieve tile stage of 50 per cent cooked. lach rut may requithe up ito( milntes 
for completion, so the system isnot eflicien t for use ineatly geleatliolls, whene 
results on hundreds orithousands of' test litnes might he desired. This pallicrilat 
system of evaluating cookabilily should be leserved f0r use where only :ldvancedt 
breeding lines or selected strains need to he tested. 

Evaluation as a Processed Food 

For convenience, palatability, alld preservation or enlhanceent ofnu"1tritive 
valute, the food leguitmes are often sul)plied to the consumter as canned protucts. 
Acceptability to processor and consumer depcnds upon several qualily I'lctors. 
most of which have not belen defined explicitly elnough for quantitative itreasuire
111t111.
 

13efoie taking imp these factors. we will outline tie catttring plroceedlltts applo

priale for tire navy heat, Ihis heitig otne of tie legue gaitns cotrllllllt pr
cessed. 

I ) Raw product clean, free of" foreign mtalerial, free of"seed-coat defects. 
Seed should be f'Vllv, matlle arid of' uiif'ormi size. 

2) Moisture corten - should fall irr Ire range of' 12 to 18 per cent, although 
beanrs hydrate ard cook more reidily at lower moisture levels. Seeds to he 
catited should have been kept :ata rroisture level of 12-14 per cent ari at a 
tetmiperature of"I 5"U or helow , :Iperiod of six to cihl weeks to irtsule that 
tilecanning test, whell coMtiucted. IlIly represetr ts varietlill fererlcel . 
3) Soaking - this step serves to irrsure tiliforirn exparsior ill tilecart during 
the thermal process, arnd insures prodtlct lerlerrtess. I egimre seeds are usuallhv 
hydrated to a irmoisture level of' 53 to 57 pet cent. Soak titlre is related it) 

"
etnperature: 8-1(o hors atm15'-2t"t('. o 2tt-40 miltuifmus at 82 - I))'(.ThIe 
shorter lines are plreferred to pl's'etll growtll oft bateriai. 

4) Water a long, soft-water soak will leave tire bean moloe ltleor even 
utsy'. Hard water tends to tougher the skitlls ard finm the lextre (t'tlie 

cotyledons. Water cotining 25.5 plpm calcium is considered optillrrr. If' 
too-hard water catnnrot he sol'telled chenicallv ofrhy i tric exchange resirs, Ire 
firming effect Can be corrtteracte'l! ytflre additiont of 0.1 to 0.2 per Cellti 
sodium poIlyphosltate to tie soak. 

5) Blanching afd'ter tilebeans have been soaked at terripeanttres of IS'
70°C they are utsually blanched ill,0.05) U walel for three to cighlt minties 
to eliminate the air and to equalize moistumre. L.egumes hydrared at higher 
tetlperatmres tieed tot he hlamchetd if" usedadequate sotaking tirtle has heen it 
obtain the 53.57 per cent moisture level. ()verblaching causes skirts to split. 
6) Filling -- with futllv presoaked bears ita mouistrre level of 53.57 per cent, 
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about 225 granis are required to illa one-pound ,an (450 gins). Tile can is 

then filled to the brim with hot brine, saute, or diluted molasses, an]t scaled, 

ready for the retort cooker. 

7) Cooking --it is important that there be no delay between carl closing and 
exprocessing. The sterilization process necessary depends to a considerable 

lent upon the sauce formtulation. Brines require less processing time than do 
processing limesaliceS that contain toiato pulp and starch. The proper 

should be oblained from a laboratory connected with the canning industry. 

The process may be 10)-30 per cent longer than that necessary for sterilization 

the desired degree of lenderness. Thein order to produce canned beans with 

cans shltd be Wate coled illllelitely lftel Ircesing. 
it)absoirb water for several days8) lquali,'ltion - fhe beans will continue 

after processing, so an equali/atitoti period of' ,Ileast two weeks should be 

allowed before subjecting test beans to the rading process. 

lot a simple. inexpensive nalterProcessing legulne seeds by canning is clearly 

as itnow is con11ductel. .lch I'labo, ltime, equipml' and several hunspecial 1entl. 

dred gians of seed of each line die reqtired for Ire ltIOessmI alone. The bases 

improved breeding lines require alditionl expenditures to confor selection ot' 
the Canined Iptoduct. As 10%V coRUcted, theredlict the Various qulity !ests on 

fole, the fill pcedrlre genCr:lly shronld rot be employed in tire early, segregat

ing genemtio s of'crosses. but after (ire poprulations have been reduced it, 

torair elite group of"otherwise acceplablf" lines -perlhips 50 totirirber of lilies 
100 bv selection aird b,eliminration of (tiler characteristics. When tie ltmber 

ot lilres has beef) redliced furlrer, :i1d if suifficienlt seed of each line isavailable, 
acommercialIre rrrost 

processor for evaluatiorn by air indepetderri. nonpartisan judge. 
it is recolrllirlded 111:11 prormisirrg lilies be srrbmitted to 

Quality Evaluations of Processed Product 

Ott what glorlrids, now that tlIe legume seeds have been processed, shall the 

quality evaluatl s be imade? We note, first. tile more subjective ot' these evalta

tiotns. 

1' legume sced 
tIle processing operalions not to bleak apart, bursl, or disintegrate. In the 

nav' beani, it is co1mmon for transverse breaks to appear acloss the hilll 

iegi)ll. bilt tile be:ll etais its shpile and Contenits. 

I ) WhloeCIss tire 'errdetrcV tile to renrain whole throughout 

2) ('onsistency the Iluid is slightly viscous anid clear, not cloudy or grainy 

it separates or drains readily ionl tihe beans. The stalch-plrotein lualrix o1" tile 

to release stairch granules into the external fluid.cotyledons does ilrt rurtile 
rmalrshedoieectsI.3)F:16e1,10111 I10111 rio exllaneouls Irti.rial, loose skills, or 

bearts. 

4) Ivot l 1abe scoled bai1taste panel. Storage mnolds, containei odors, 

and volatile chemicals stored with or near legumes may impart undesirable 

l1a\,ons 10[ ie cannmed 1product. There are also genetic differences in flavor 

tlhat
comtirpoirei s call be detecled by skilled tisters. 
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5) Color -- iigments in tie seed coat that escape detection in the dry seed may impart ai ofl-color to fIle cooked piroduct. Iron an d copper in thewhite-seeded legumes are inducers of a bluish tinge that consumers find tin
acceplable. Ilnsome red kidney beans, a diar k-colored, waler-soluble pigmenl
of the seed coat exudes into tie fluid, producing islightly bitter taste and ani 
otf-color fluid. 
Tic I ctors I), 2), 3), and 5). above, are scoted by visual inspection of icanned sample. The Iood tecillologists have tlvet given us the criteria or toolsby which to measure these flictors clearly and objectively although color may hetleasured by color-difference fuelers. Ilowever, the situation issomewhat belter 

retarding the faclor of tluxire. 

6) Texture - the textiural p:ramneters off b)eaus are flirmness, gumineiss, andadhesiveness. Firmness is measured by tile force required to penetrate a substance, and is perceived On first bite. Gtiuiiness is related to tie energyrequired to disinlepialae istubstalice, and is perceived dlring chewing. Adhe
siveness is tilefirce required to remove the material from the nioulh, and isalso perceived during chewing. These parameters can le evalualed wilh reasonlble acciiracy ) :1Selsory panel and alsocall lienicasured quantitatively
by machies, stich as ileKramer Shear Press. the Instroin Universal testmachine. and the Oltawi Texirc Measuring System, with necessary forcerecording sVstems :Ili] cells. Initial studies havelest shon thll consistent
rCSOhts cI b1eohbaineid when are(lie canned beanS Washed With cold tapwater to remtiove s;tice and ite measurements lieiiade at a selected, conslan
leilperaltre. The ob).jetive iesulits have shown a high degree of' co elallonwith [he Sellsolrv evaluations (i- .L50 or betef) for texture. ]:irther studies
with objective testinlg Mietlods will be required to establish vailues iatCall lie 
used routiely to imticate bean lexture. 

There are 1o comlipieliemisive sludies oiltihe soirce and ilature of varialion ittthe quality fiactors refelred I above. From 
oil 

limited studies of special fiactors, and
the basis ofl' experience. tlte assumilption has emerged that at least a portion of
the variabilit\ observed amonlig lies depends 
 ol genetic differences. But it is
hutie clear Illtthe letngth of processiug. the elperatilure of' the soak. thehardness it' the water. and ilhe chtmuracter oI' tlhe added fluid itl play aiimportantrole. InI addition. the initial moisture level of' the seed isknown to Taf'ec tihe rateof water uptake during soaking. Theref'ore. the breeder InlISt expect to standard

itc 1he gowing and hit dling contditions for all lines to be tesled. adt Iaollow a
Standald regimen during pi Ocessitig aiid illeviliatioll.
 

hi priclice, in order to assure acceptance of' tile
new selection by growers, thebreeder generally will find it neces!: ry to compromise between the best level of,quality possible ina particular proraiilatnd lhe levels of disease resistance and agioltic perl'ormance that imuSt be inalilltailled. There seents rio escape fromthis. 'lte operatioial straageni tollowed by MnLsl breeders, we suspect, involvesholding his piLpuilation it igiven, satisfaclory level of disease resistance andagronoinic hperformlnince by rectirrei bakcrossitig, while selecting strongly forquality comtiponents. Cotitrariwise, breeders hold to a giveti level of'quality by 
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periodic (cyclic) C.Ossing to a known, acceptable standard while selecting for 

imlproved disease or agrtoomic performance. 
of improving quality

This slialegy provides no ohvious answer to the problenl 

when tn satisfaciory, high-quality, recurrent parent is available. One solution to 

nature of "quality" -
Ihis pitblem lies, first, in identifying the component 

flavoi, fimlless, lexlltui cic.: second, in searching the germ-plasm resources for 

whatever; and, third, synthesizing
lilies of special flavor, tenderness, texture, or 

I'lllthese solorces a new colbliinaliot of quality components by composite 

crossing o by stepwise insertion ol'one component after another into a cOmonlton 

other grounds.genetic backgoumd that is alcady suitable on 

nothing is known about the relative ease or difficulty of working with 
Alimos 

analysis of subjectively deter
these Cotipoirernts inhrceding legumes. Genetic 

usually is not s:tisfhctory. Such progress as has 
Milred quadity ch,raCtleistics 

to ntw hIs been largely by the forltitelis recognition of lines with 
been mtadetl 

acceptable or sirperior quality aid tIhe incorporatioln of asignificant proportion 

Of their geim plasm into a!) new strains vi, backcrossing. 

of quality components, simple, inexpensive and 
We iced clear idelitilicaItiOm 

the genetic and envirormental
qnllilttive tests for measuring them, studies on 

on the pnoblenl
Callses of vatiatior in quality components. and, finally, studies 

as these quality factors are brhughlt togelher in varians 
oflcotom enit inte action 

Cmtbiniatiorns. 



DISCUSSANT 

G.D. Kapsiotis 

Like other speakers, I have my own bias, which is to processed ilifait foods ill 
which legumes colnstittlle a substantial part of tile formula. One prollenl that 
gave LIStrouble ill developing such products is tile color of the legume seed-coat 
in the flours. So far, we have not used fava beans: chiefly, we use lentils alld, ot 
course, soybeans. It the seed coats are not entirely removed ill milling, tile 
product may be colored with small specks (tile residual seed hilun ), which are 
particularly noticeable ill tile cooked product (Kurien, 1071 ). The development
of strains with light husks or with loose seed coats might mlake our work, and 
that of tile miller, nmuch easier. Also, the consrumer undoubtedly would lind tile 
product more attractive. 

Second, I would Illenltioll sone ot our experience, which indicates that cer
tain protein fractions, such as globulins, might be difficuill to digest. We used 
alpha amylase to treat tile mixtures to which I rel'er. As a result. I can give you 
some figures from the work we coniducled with tie TNO Food and Nutrition 
Research Institute in tae Nethelands. After tile heat and enzyne treatlents, 
the digestibility of these mixtulres rose from 79 pei cent to ahout 9N.5 per cenl. 
This Might suggest lthiAthe halrd-to-digesl protein fractions of tie legumes, 
which sometimes comprise 55 pJt cent of'tile bood Itixture. betefil fronlthe 
cotbined en/Ville allid i'at treatilent. Ileal IleatIlleill aloe did not plovide 
such art increase in digestibility. 

The oilier alre: ot which I would like to conment is tile low acceplance of 
itrsect-irntesied leguilles. which l)r. lParpia Irenolhied. Bitt low aCCelptnce also 
cail he f'nirld ill tiew varieties of legumnes. lhrobably tie hest approach fMr tie 
plant geneticist is to be certain Ihat. duling genetic mantipulation, tie olgaltolel
tic characterismics of tlre Illost cootnotly used legurmes are riot allered, so thlat 
negative coisillle reactiors IllaV be avoided. 

Of coulrse, eliriinltine bitter or other ohjectitualble tastes shotId he ot con
certi to tie genelicist: however, I sutggest thal if tie elimrination of such tastes 
can be achieved ea sily 11. simple processilng. tie Ibleeling obiective nith be 
given secondalr\ pliolity. 

I would like to nlrake a slmall correction inI Dr. Iapia's paper. hiIpassing. lie 
imentiotned thathIjwhila is a rirdOtehldeveloped aid used ill tile coutlities of tile 
Near Fast. Ihowever. IM the last ten ears. uIuima ias been and still is a 
laborat, rv cirriosit. that has never fitulid its wav into coiunirrelcial channels. 

Reference 

Ktmrien, P.P. 1971. radilio ali a improveid Ltchniru,,, (itifMillirig 1tS1114. ai'tOcC(tiri., okt
(oifferecc .t i)hal Nille'rN. ('ent l 1o d "I1ctrinottgiCa tI trlilUtt , Mysore, ia.Re IndrI 
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SUMMARY AND RESEARCH NEEDED 

Irvin Liener 

I will start with Dr. Calloway's preserita[ion ott flatuletce. Site described lhe 
sequence of events which are involved in the pathogenesis of' flatulence, pointing 
out, first ofall, that we are concrneld here wilh the producinti of gases, 1.mely 
CO, and lydrogen. by tle action o bacteiria ott a particular subslle or sub
strates. Apparently the fiatulence factor(s) can be eliminated et'f,.clivelv by frac
tionation : [or instance, the protein isolate of1heans is nol ltns-piodiicing, and 
oltn can extract the flatulence fillclorsalvaiiois pl I's. They also can be extracted 
by aqueous etlhanol. Bul these, o 'course, ae not tle best procedtites, because 
they are so complex as to be impractical. 

Thinking that the causative faclors of"fatllience igikht be the olilo
saccharides. Dr. Callowv calrried 0out : series of eXp~erilllCtS Willi SacIIyOS- aid 
raffinose, It appears that extremely iigh levels o1' these palictllar oligo. 
saccharides irenecessary to produce the s:me types (if el'fects as are )roduced 
by the bealls themselves, so appaleitly they ale not tlte only flallilence fiaclors 
ilvolved. l)r. C:illoway poilted ott the plossibility that a galcltosidase deficiency 
might be responsible for Ile tormation ol' gs thatl is associated with alti
lence-prodticitlg factors. In terms o1 dLteruinitg IostWhich beans ptodiice tile 
flatulence, it appears that Phascohs heads tile list. followed by soybeans aid 
ntitng beans, in thal order. Peaiiuts seem to be devoid of'Ihis activity. 

Dr. Callowav also lreSCltd tl:llioI lilna bearns, showing the varietal (liflcr
elices that exist reg:trding l]ilience lrodtuction. Froi her data it was apparent 
that humans have individual s sceptibilities. Site described a siple type of 
apparatus used ilthe study of' flatulence itt human subjects, making clear that 
sihehad little failh in the microbiological imethod: apparertly it is not siif'l
ciently specitic. Rals are tnot salisfticlory either, because one cantot detect ('02 

it tlheir ti1alus by p resent illethods. 

Itnhis comments, l)r. Leng referred to the work of Dr. Ilyinowitiz, al the 
Universily ot Illinois, who studied the sugar cotent of*variois soybeans, point. 
ing out that sugar contet ranges front 0 to 1 per cent. Of' this sugar, 41 to 60 
per cent is in the 15 per cett ifl of, raf'inose, and'ort olf' sucrose. 5 to tile forilr 
12 to 35 per cent in the fornm of slachyose. Such data tniglht prove valuable if' 
research points to tlhese oligosaccharides as beitg important causative factors of 
flatulence. 

Dr. McGinnis thetn described experiments ilwhich lie tested tlte produchtioi 
of gas by Closiridthin ferJriflgels oilvarious types of' substra tes: tile Boyd 
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isresults 1 ade it was developed it, Iis laboratr

tlle(iilt and Imeditlill that 	 -- forsitl ie materialsbe caused by :athel
production callgi.as
evideit that 

to ile production( of gas by
effective stimul:atitself is allexample, beau ash 

of surface particles. Thus. 

CIosiridimn. ApparfllIlv, this is caused by the effect 
fot evaluatiing fatulettce 

colrsileli.g tie Ise of a licroObitohgicl ecliluique 
\\ieu various ftactors that Inight be 

realiie tIheit is important to
by leoulirles,caused 	 developing

take these into account whet 
ill g:ts ploduction and to

involved 


a:ppiopiit le ivestigati'e procedures.
 
tileexperiielates to 

Rao pre' eited a paper prepared by l)r. Parpia that 
I)r. 

workeis in legumes. The paper emiphtasi/ed tie effects of milling.
e.ice f hldiar 	 husks from tire remove tile 

type of" milling used 
anl inlicated that (ire 	 to 

yiell. For irts:ilice. by using a parti
tile
important part ii 

legitities call play :l 
tire Central FootlTecIrtology Institute, it 

that was developed at
cuilar tecliiiue 	 the 

cent, which is much higher tIhan 
of 82 per 

was possihle to ohaju i yield 
paper pointed
 

soite of tile homie rueilhods. Il addition, Dr. Parpia's 

yield Itloil 


vielt. Apparetly, soybeans are not readily acceptable
 
valrital ditferences in1oult 	 difficulties. F'essire-cooking could solve that prob

il iaI becauso f cookil 


the average Ildi:n
 
but a LIUeslio otfecontomnics intervenes. (C'ou1ld, inideCd, 


to cook soybeaits effectively?
 
leti. 


afford 1 pressure cooker 
of cooking tethods. 

in India are prepared 1v a v:riety 
The vatiOIs legumiiiieS 

and then boiling ihent. There 
begin by soaking tiem overniglt

which usually 
which begins by soaking (lte beans and subsequently 

a putfilg plocess,also is 	 type ot ipu1ffed 
salld. Ii h Coitrler-cial process, antther 

Ioasting Iielll illhot 
1t our ptted cereals. Itas en

legume is produced, presuilrably equivaleIrt lTis 


joyed some poprilaily.

ArOnrg tire iruost serious leguilte problens ill	India are roLelt and itsect 

the yield of stored legumes.iia signiicalr, reduction 
iif'estaiion, which cause 	 tilequanlity

not he obviois is its effect ol both 
storage problel that mayOne and insect infestationrodent 

antd ire deleteliols nmetabolites dlequaility of leguimie proteiri. Appareittly. 
This ittav be tile to 

gleatlV redLuces leglllte PER. 	 onelegumes. therefore, 
as tie insecl s perretrale tie 

diulll Storageveloped pest-resistant. This 
treed fol Indi:i is to seek v:rieties of beats that are 

intporlaril 
easy objective. but it should be iirvestigated.

is tnot all iteeds illindia, llost of which 
then surnlari/ed research

Dr. Parpia's paper 
toxit: factors. mnilling properties

balance.here anirto-acidhave beeii discuSsed 
can be milled nole readily and so increase tite 

(ihat is. producirtg varieties that 

yield), aind developing pCstl.iesistat varieties. 
has had with color variations ill 

somrue itftie experiences lie i)r. Roves related 
is due to four different 

of the pigeon peatire colorpigeon peas. Apparently 
ot rhe lelative proportiotns of these pig

tite gets dependstle colorpigmentis: tire pigmnentts becone 
When these bearts are dried, 

il anllyolie variely.iltelits 	 to tilere less icceplablei result, they
alld tire beart darkens. As

intensified 
a rather salistactory product. 

peas cart be caitned to ploduce
colnstlller. Pigeor 

t iat was relatively white. 
to obtain :avariety of pigeon pea

Dr. Roves titllaged taste was 
appearance was acceptable. but their 

\Wien Ihese were caiined. iheii 
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not. They tasted more like split peas. So we can't always coirelate color with 
flavor; apparetly they are unrelated variables. 

Dr. Kapsiotis called attention to tile of legumes intal't foods, emlhiause ill 
sizing tile deleterious of seed coats. I1 the coats are not eliliimportant role 
naled, tie prodtuct is colored and undesirable: lie suggested tie development of 
varieties of legumes with loose co;tts thlat could he removed readily. Iliemen
tioned that trealment with alpha aimylase increased the digestibility ol' proteins 
from 75 to 90 per cent. lie also emphasied that we should not tamper with tie 
inherent orgamoleptic properties of tilelegues, because in doing so we might 
decrease their acceptability. lie stressed Illat of the hiter lprincipleselimination 
by processing should be given preference ovei at tempting to breed out un
desirable taste factors. 

Dr. Munck described his experiences with the hiload beau. The objective was 
to try to isolate protleins from the broad bean, extracting tie bean with alkali, 
and then precipitating the purified protein at an acid p1l. They compared the 
amilno-acid content of, tileisolated protein with that ft" amidthe original bean 
ottd very little difference. lie also described an experiment ilwhich Iwo 

varieties of broad bean were sltdiCd for protein solubility as a function of tile 
days of developeiem of the p~ant. Tilere were detfinite differences and lie slg
gested that perhaps on1e shtould exploit these differences ii a breeding program. 

Dr. Kelly gave us the viewpoint of the processors' requirements Their first 
consideration is cost; it must be low and the yield must be high. A second 
criterion is uniformity in the product, which is vital for a commercial nianul'ac
turer. Texture and flavor are also important: the product niust he acceptable. lie 
then pointed out that governmuent grades must be iet -- a iother criterion Ihat 
must be kept in mind. 

I would like to spend a minUte ofr two lucre illmentioning ipoint that I failed 
to include in my own talk -- tie nutritional signilficalice of protease inhibitors in 
hutilaminutlirition. Mt of lhe work that has been done witlh trypsin inhibitors 
has relatel to the ctioll of these ililibitol', -- such Ias those fron soybeans -- on 
bovine trypsin. [ut more recently, expeiments have been undertakeni to see 
what effect trypsin inhibitors have ol hiumian trypsin, a consideration of diiect 
concern to us. Surprisingly, ]iunian trypsin is not inhibited by tilesoybean 
inhibitor. Iladdhition, ovoiimictoid, which is the inhibitor iniegg white, does not 
inhibit human trypsin, alld %ye knmow hIu i tests with hu11imiam subjects that 
ovolmlcoiid has no deleterious eftects. From these various lines of'evidence, I aum 
forced to conclude that tie trypsin inhibitors are really of little significance ill 
Ihulman notrition. 

I would also call to your attentioi the presence of' tiletrypsin imllhihilto ill 
some ofltue soybeani protein isolates that are being used nowadays for textured 
vegetable proteinis or mieat analogues. It is true that trypsin inhibitors can be 
found in these isotlates, and that the trypsin-inhihitor activity persists even after 
the isolates have beeni converted to fibers anId the fibers made iiito various types 
of lood. IFor this reason, sonie pct)ple .ay thIiat perhalps we should avoid those 
meat analogues. But illview of the evidence just presented, I think that we need 
have no worries about such residual trypsin inhibitors. 
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USEFUL PROCEDURES AND
 
NEE)E) IMPROVEMENTS
 

K.J. Carpenter and J.A. Woolfe 

Sample Preparation 

A single bean cannot he : sat:isfa.ctlory sample of' a plaricilar growth ot' a 
particular variety. Exact mampling procedures arca mtItc for discussion, bill amilliminl of 10 beanls is uctIdCtd fbr griliding to aitin1,Itiwdri. 

Moisture Content 

It S hlelitbe itaclc lear iii ill llIblic lliors if' iillss'f'ol ntlitii its exlliS 

pressed oti a "wet weight" ,ri
"dry weight'" basis. In pl;aclicc. the ireaihilit illniois~iare conttet is ntie high. Oil the otiler hiind. tli dlVIc.'ll easil\' ci belioiC:i

aRIdelIin as the first snjw ill dermnicruiio 
 t"protii conlclit by io-ws'cighiiiig lirt'
saliples taket altier 1(0 h ill a drying oven (105'T).

If solme groups conlintue to expresshleir altalyses oi a wl-xvweighi basis. those
who lh) determine iiioistture contelti could express their values I'or ploltil, etc.,
adjustd t a stidaird 10 per cetcmoislltte conrtelit. This would reillove illyv
large, systematic diTezece btwc en file IWO .Ypes of :iimllyical vatles. 

Protein Content 

The folhowiiig procctdure has worked salistactorily with lirge numbers llsamples. Approxinitely 150 ntg or fiely ll illc;ll is weighed into a 
paper clip (made f'oi a cigallle pper) oi a torsio baIlice. I;lch sample isweighed outl ill ditplicate. A block of' 50 cuips is iten dliit, I 1)5"C vrmithl.
Each cup is re-weighed. atei cooling, to glive lile dy weighl 0,i lhe samlleplc andthenldropped iiito itnuibered Kjlhlhl flask and digreted 'ill) 5 imi of conceit
tra~ltd N-Iree sutlfurnic acid aiid 3t l I (t-volume' hyhiogen peroxide. After tire 
contents are clear, boiling is cotmiued for 30 uimniletes.
 

Aftcr cooliug, samples ate diluted to 
 100 il (ill) to a giaduatled mark on thestem of the flask) with water, and mixed thorouighily. Bliches oftdigests are thenm 
put tilhroi)0h a Technicoin alilto-allalkvrt. or Iliilogin, Ilsing sodium phtleti and
hypochlorite as c(ilor reagemits. On e:c "'tray" of' 40 saiple containcis Ior theanalyzcr we inclidc a set of 5 standards of known nitrogen contient. These"phcnacetlin" standards have been put through liehill ligestioti procedhr. A
typical day's run would be 4 to 0 trays, and would also include one analysis (in 
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beaul neal. The resnlts are only accePltable i (1) thIeduplicate) 01' ,1 statdard 
linear respotse. with litle variatitll 'rontray 

phelacetil standards Ilhave given at 
haMs given n valuti ,ilhi 0.5 "per-

I trav (21 the "Istatdard beall inlcal" 
tot'loc-trliet rntt.alid(3) that the 

centtage ,illits" 01' the over-all ulteali vle 
chl othICr fomeach;lndlividual bean

1.0)pcCeltlge ulits O'
replicates ;re witlhin 

s:Itlilc. variation
With ,IlOw cOtclelit otl 
'Ihis can he a very saitislctOy lrtcedltre 

hill1ruin little toI IJlc gross abeiations Call occitl. alld it is vital 
(see helow). be due toThese could 
that therw is 3 chtcking ,vSIC111tirl picks these out. 

cups, or to operatorSa llell' 
illileCalllJly/er SystC . Co11tlmuifIitt Oto 

block ales 

ing doVl weights).
clri rs (e.g.. in\ selectiolt in legumes. 

It is doubt I)tl ii uve-bindinig nlLhodls shoulld 1wbeoUused 
ilc values obtained ame necessarily a 

lcaclive groups. andelleasuhecalse thIey 

Intioll 01'both protCill Ljtluliy (1'! inlity. he positiOll would be difTerent 

no lapid itethiod tor lange-scale neasurcnet 0) ptoteiniquatitity 
ifthle \,Ce 

alotle.
 

Sulfur-Contaiitiig Acids 

Total Sullitr
 

nmeaSure t1 tttthionin C+:1useful indirect
If this filesile were t1Il)rVt'C 

convenient'e. A workable alto-a.naly/.cr procedure
a greatc\sline. it would be 

20: 43., 1971).Itr1acftc,

has bt1Cn publsNCdI (1I. iOttershead, I.ahratount 

to whether. with aIwide variety of samples, total S/N is 
asIlI'ortllot otlis lCeded 

InethtiOninC + cystine)/N. (It is im
closely corclated with methionine/N andior 

we alread' have N values that 
that SiN should be tilecriteriot. because

portatil 

tfnitl)o acids as peicelltage ot"sattple.)


Cilrclate with 

f"om the claims of its proponents,
'Ihe Olvlpullislrld procedure which, even 

a 
mccl the ticed for routille screening of a large number of samples ill 

appeals Ito 
is th:t oflUssary :tid G(l;rke (1%t . This adapts

genctal anlydItical Iaoratory papaimsodhmlt tlitroruSilC on 
tile ,:lor eactioll withMc('Zt thy atd Sullivan 

t'rn histiditt attd tryItO
itt atillilliated eqtuipllnt. IlierfereieCdigcsts. m m1isc 

an excess of glycitne. 1nd both reproducibility and 
phl:l is ovetcotlle by addittg 

reported to bie satis.acloy for alseries of 
tetlhiotiine wererecovelV of1alddCd 

difficulty has hCe tlcoumitered illobtaining 
soV\bc:tn1 saM1l)C. SiCicchen. IAOte 

acceptableleplodticihility (Gehrke. privale comnmlunication). 
ctorditiated experitnits) to 

It is tltm\\ a thatlcr olprioritv (ittIleccs.,,rv ill 

check the values obtatined for atwide variety of legumes agaiist lhe correspond

procedure (e.g.. iot-exchange chromatography
ing values omlled hy arelfCereItt 

the ab,,mntn isgood, thIosC neCCing large numbers 
Ol oxidi/ed h\.droh'stecs). If' 

linlds to purchase thejuslilieC( .lasking forwil then t'celo1" nctlliottille valuc 
special equipillctItltlequired. 

http:alto-a.naly/.cr
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Until now, microbiologicdal assay has provided the otnly Itleans of relatively

hrge-scale assay ,.or niethioinie. and olle has hd to make fte best of it. The
 
advantages are thtll it requires 
 lo expensive, specialied equipment. Thiiedisad-

Vltges are that precision is relhitively low' and that. For people otherwise 
on
gaged in purely chemical', work, ainew type o1'procedure has to be ilasteled ntld. 
illpractice, assays Call t'ail itiexplic:ly 0! give a1beiarmit results. 

Kelly ( 19 has CouCettiaL..lt,,ed the situplif'ii iiltia o the assay plocedure o+l
Ford (I ) 2l. The pmohlem is itotir i itiotial cpt isflle. bewleel speed and 
plcision. If the ditlICce between lcLtitiie vlicties illnielhiotitte g.Iog N is 
small, precision muit be -ooi illtdcl 1) disClilllillnlate'cn b eCn extielliS ill 
the range of material aIvailal,. 

lon-exchi.au,e clrtnattraplh. is l I Pr-setIt ideal. bill 1in;telials requitie l 
preliminary oxid;lioll stothA ilelionille llits irle COited to the 111ttStale 
slnlplie lorml. It is dilfictill to vistlmi/e (he restilts oitm such aialYscs being
 
adequMte l'ta'la:ilit-bieLditig proeli;ulu. (;as chiloitll;utagli has beell r
r poposed.
 
bill its Itlse ill such IJ)Iocta1ill slil1 beeil ploved, ndhei sheell1t be
otLVet 

difficulties in file,
extensionl l rociethres slitahle otrpute plottllhtts e.. Inglis
 
'ind Fldimaiie. I)7(0) to such coiiplex tinatejias a.laIiimes.
 

It is to he ex I' lldl, theht.d wteti Nalme varietY iis c,,ellLt4ownmitidet
 
cotilitiots t1ht lead i, tIlt[he crii Virit ill
Iroteiti CoitHelll. thele will be a 
sililar valiatioll ili the coIlliit ()I,utet l ile :It,,ctl ol solaille). It temiills
 
Iob,. dltetuil/,dlhi tatI'ttntliottiu 1I 'N r,.mais stable.
 

Th re is ci tr,,'vei,\ir hl irtotlrli i on I a child' s reqtuire le ftlts I'or 
Stllf'lr-lllillto;acids c;l be suplpFlied 1)*.V stiiie. It is C01itiiituitly a:Ccepted it,\1 thatl 
mixed diets it illay be the total stmppl\ o1, melthioilile + cvstiite t1111is limiting. If
 
this is So. We relly ti.ed to haJve ,vtilc. ;i,,
well a1.i:,.ethitmittc. value.s fo0r beans.
 
If tethiotit+ie,. is beitll. dthI.tcul'ri, a. 1liC 1t110ulp )VieK
l,.-exchLti,., C,,hitnaltl
gr;llhtV, cystite will alNo ave bcen cotst. ted to cV"tcic lcid, adl its Valle call 
'robably be read oil li al e chltlllOgI lt li ti billffr Cotidi.M 111illait.' 
liotis. It oillieprocedures ;ile heililc tusc! lot itteiitllite. qitte selrale amlVses 
wOilld be reCqililed ftll cV'1itc. MiCiobiolul'ical assay is possible. billlhas givetli
MIllre problemsil1 w-llhito ilillllo thatacids. A coir reacioti couild be 
alolttiled WUittld be ol~real vaile. 

Trpsin inhibitors 

le procedilre usitig tlie,ISlllhelic slstiiilae lAPA. as iised for soybeatis by
Kitkade. Sititmis, ind Iieli ( I t0), i,sillile aild satisfactory. l :rmiattial of 
low-IalI ctllillet. ai-extr:clioll slep is ttlliecessatV.the initial 

It , tlOUbilul whmetheCr ;ass;y l iicuokel leutimies ire relevat It lheselect 
tioti of, tIatrial iitetded iobe 1Owll a h;iilliml I'afomda Itl ihe cooked before 
ilse. is iuevideice thatl1sigiiificail attilltllllsThete t01' siylts-iihtibilltl activity
survive all\ l t Iieistial couukiti. iH)cicites. Routiie sccttetiig for this character 
ik not rettllltnIlel, d. hc lelutiie. 
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Heinagglutinins 

It is easy to prepare crude a.LIeouls CXII'cIts o1' InlgutIts anIIld to delernine 

whether lhey caluse :iui Wii'hiltatiotl] 1rpartictl:tr Samtiple of blood. It is, how

eVr. l ve.ry diltelelt natte11r to generalize from one hood to -,lI bloods. III aly 

Case, as with Irypsin ithibiors, flc aclivitV is dcstroVCd by cooking. Routine 

sclecilitig is nlot eotteidd 

:l at uI, itc. Factors 

"lhi.surviV 0 t it:ir11v conkiite and miav be the crucial I'-ictors thit litil the 

adopltjol Of a dic clllaittilli" i;ilased proprtlloils ot sova producls and 

/uhsco'u, bcatts (C.g.. St.ggeldat. l al.. 19(Wt; ('allowav. 1906) ). "'ihic is. there

liOIt. :1 Wlli u iass:lvill" lh il 1la t't,:.c' activitv of, diTll'relt10 Ind ill';o S rlative 

VallIt cs i Iet lliex. 

b,.'_L't;l l aiscls stn atid1 1.11.'Iai' .SllN,,h1:11:10 1 ' irouble l ti m ll yose 

hi.lul be h'JtCdl lie il.sli ll likec 

amloll st xIilltuillill cal h ,dltc.s). I this is ,'illtit Illel. WC \,1 .I li,',J siltlph' 

Is .'l htim s (1 .llilnalw i l lI 1h. s iai.'' vi'tl tI hIde,.I I,,kvattyhl Illllid1,x . il tust 

slIC.ilsIC Mi 't:ill can hVull in LIiVee ( elhlose 

ll'l or ofs g cl tioll,Nl.'lhl'M 1hl 1.0 d w , I' m ill eillo i ll uiupll ll lsin. 

baci,is. i t.tll ,. i I' hu hlu il o.ill. i 'ill':Stin l.S .c'k t itd.-'1 l L. I1410). Ths \i!] 

I sp.d oIl lCIIl ' a hc i. ll ll'. 1'5d \i lli llll l itv( chll.(llsh . k i i', tIll ll 

slis'.1 v wot r'diths anvtals (i7).lasbn s. h b uScd (Kad ikd Blavithets. 

l a, d as manect alI.. 
19 0 (19) '71U). 

m11 I,.' to ill CCIIJ~lll :I;l.'IS, 

etc.) ihlclthatI'i.tlri,t\1. Il o x bdgts;itae ssusiliv. (ltichailds e 

"]'hLlILeiSn nleel d I'ml \w.oik tdiSCOVC1l ,.,.ht'L -I' l',,.O pI. 

llw

l tl l i h t " evl-
Sattd ;IS e I l tl'llt ('11111 1 AIII Ct i et rl' hl.'iiot I..t ilkl lti d O Sidc 

at cOl'l' how\'gllll .'shec'llic at pl'ood o int eslption ) c allle 

facd l,. 11'Iihtv hai w no dtlo SO.ith csi lishiraod le 'tOf u lmIl.l i piti :tssl s 

Ia Itals'otho I d..e,,l'iv av,.,iie hi stu' p ti aittv(i. cat ,b t le , icted. y sck ell 
Oil diS Suhit.Cl ). 

F~ee.ding Tests WYith Labo~raltory Animals 

,ts has be .l d llaiostrclogd witth tmt\ ail s a ls. chicks.I lying hep lis. 

[ie.) lltIa,, i/la1c1. ' 1ll' irc h ; ls t ,'ctt e:lrcpr tssiniel'ect I l tl'ol lPlie ,I 
Ullld SUh.'h CNIV'tlll,..lIS (10 110l IC(Iluile 1,1llh1 i I¢1 1lioll. A\t (Colfu'c tic,.. wee Iblis 

a'1 ¢,cl ricd ',,, ith how legumes (c.ooked I'mr hul:l Consumptlion) Ca ll he)Lev: ll

:Il~ad :IS :1Ihtill)ll; (oodI (Aild. i pairticillal, :1 loddler.,," food) hby I'ecting thei, to 

anlimlls. I Io,,v l,,,.only ai lilniled 111111lbel of"sallnple", Call lie I,lstd. hi ll bec..ause 

lesling is Slow and becaulse klloglianl 11udnlillciiC:ie eeed ill inIOSt I)IOCedulICS. 

The kOli Ill 'lsI plocedilil as. he ll Ili Int';irerl'c iml , eff'icie'ncy\' alio (PERI), 



with rats. The test material includ'd it, the die! is at :ilevel Contriiinting I0 per

Celltprotein Itothe diet: itis tti orely sotc(it'll potein. (Tits. a htt'Ule wilh ;I
25 per ceitt priotii tointet isintcld'd as 
.0 pl Cellioftlilt'itl.)(;t\\It aidfeed contsmp)tio of' voiiii-, aLs amcthen iilcasmit'd lor a pcliod vrvt'ilighil 10
days to ( w'eks. Filr aI l,nu,.' lwt' thio i . l i ollnllt' f'liletI[IR (gg
protcil 
calll) is :always Il\ COtHliPalted it,he lstiltilolailtvd wiwit a 11ttcini, 

SoIrceL'
I wiv bali:I l1,.'cld.IIl olti pol'til lt11I itIlc ,Illdit l,xi p opeI)p)llii'S.fileIf' Illeilhjiollitt 111C tA'i'lllllill tit'I 11 1 ' hl th.'1t'ltlille'dNt ald;r~t . I
 
'11y C;ISt',itd OIt ' tllo .,alloti t ' tt'I lottt' '1Cli ln ;Ily pIi, tlc al l itilpit'.'ee'¢llIs
p l emltidh+,Iat Itl
l\ olit ;I PERb ll ll alloltll Ithh.d h~ ll,..Il¢wi'll) 
 l n
 
tiit'sO t')lliltiOlN t'ook' 1 I,'/.hd li idt'd Pli/ ' 1)'I l\'t'II t'til htllVt' ;Ihlt.', 

caseint.'J
(KAkiitde' anditl
I~x';i. Ill : \'
o t lL'
Sulch a.ret'illl til (''1ui l. tSh
c'ollhilll,;11: Ihll) jitilillo t i i l ).a' tll irth lml Ilillhimict k' Nc'iolli>,
 
1,1''c iii 110' i)I cI, Jil
til rd thai ihcL' l'hk.',lli> Nc,¢
_' lt'()0 0 11lill 111i1iiilU l l,;\ 

Itoo go. lit tlelt,,n,. lt (,N~ll\'pj.IciA11 ,I,"hilhlhhculIL',.t'ivil!ll
W~l+,IW C 'lW kWliltt
 
bea;ll', liliit'l
(i liiclhh1 Ill Ihc'it Wi' iL-11:11
< 1 lill+JN;, 01t'l 1lik l. 11Ji', ,111 ,Ak'Ji~cl-

W e c' llcctd Imk'k ilia'l id tli il t,to ltt int,'l i litl IhW It"hL'lMIllll'
it+t 

h12"lill+', ,J11hMtIC hII ut 
 l ' h\\,+O:11 it %itlkc11 lli~ Iillht' iIil N

h\ 
kh' i',Iili~l'Iit 

,
file.'X11clilllcillN l l dlit'lcdt i lk. 1.++ . lll l l ill~ l iH .llWIWrt,N ;jiri Iiinill1AI'; 


C o elt ,eoill".T eL.'+'ift i i (Ill: lll 
 ,tl % Nt'kui 1 - It.", tr,. 11iI)iII u Ill('\ Ilkt'.;IlILtd llid I. ll' 

file\'I h ' Iti 111c lihll l ,l'
;IIIiil. h]d,)IlW 1.ti ll l i lil i1lc..,,I.Jlil il;ill\(l.I
 
Ili ;Iiill I ) Nl~i il t.l1.tuc,,11 li' J,'011
I)Wr .l1,Ih il I~i ldl k iht'1 l IllOi~it lilJi"A 

.1110 11.11l' l i SbOl. t'tillil,t r<t ililt'd !I11111 i < Jiillill-.
ihd ;Iill 'iN. I lit' C\ 11I
 
IlilI'ma lio~ , Ic'c.kliti1! I'ul i tl ,iii , +,
lli ll 
 ?I;.ii 
 ;ill!'I i Ill ldc;i ,I IIl'\ 1:11
 
ICKJ; Hiui l iiN \ lt'!,iWu ii (hc'<:lul~c iit 
' li ! , - .lil;Ih l\I.till 1;il1:inCCl ).
 

h iI ll [ Cl' li! A ' l !l \ ''lW i J,~ %ll't'~ \ t, <, i.' 
lIappeal'u,t';leli l do7bt\n11111W.k llk1.1NilhI I d l , 

i +
I)W llt'-,'l I I 'llil ,1 110lt \l~tii 

J10ri+ 
 - 131I~ l IlNl t1(,i'~t 1,Ulit I, ! 'i gl .
l I c ;ilc 
Ililtill;tlpe i d 1w'+,'llil10 \ ll ),I ll i,i\ . 1 ¢. .!'.. li ll 1 li. , l'1011 I'- l 

11 1 Mid 1 1.'%ik O Irtl V'll 10 IIIIt) i~il 

('ilH!+lI) 1 ~1 , r I(.+.iiih dh t , lln ,L'1 1, ll+lJ l,1".lckdhik, 'lilillillh) ,IV.lll

i~oilliiliv tl,"•aqot ,!f.rU.;i :t
 

' 
I~t~ll,l.I f~i+.
 lc'i"d1l.il
lulit'dt1l i +,...,
l 111cIlilllimlial\.1ihik, .I .1.ulr!i'ti,+l'; 

Vwt rl.16':4111I;.
 

A.
,
S.
I li. . tlld llI . . I l. l,+h lll i \.l +! lhli titer',i+ \kiih1IIIltill iiil-

Il t.k' It'li' . 
',,
Ill lt. ,Old 11+:0101111,• . 111111111,ltI hw illd.11k ,110 Ink-Ilih il Ihll,'. , L .. Ilw/].
 

K .i&iiC. \1 .1 .. l( 111111L- NIull'.I<.Ill 7. 1('.11 11llllt'I11.11 t j'NI'+,~ll l,,-1ll lkd I'm
I I S~l+ aind 
l . <
IIt.lt.I 1.1 l h, 
 til l ,h%\I,, %it 1ititI .I(ltl'l-.1Ililh lt #",I.wI .S,J \p i / I(it. Illd.

2-1:1272."• 

In:rd IR.I.196ig. k,111 i
KA -mk...\1.1 I \'In\,. N IIlrltl\L' llt.'II lt '.1l1 '.Ill, l + B l . I
\111r. 10:2l),. 
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QUANTITATIVE RELATIONSItIPS BETWEEN TOTAL SULFUR
AND METHIONINE AND CYSTINE IN LEGUMES 

Wayne M.Porter, John Axtell,and W.F.Kein 

loll-exchlange, resill-eltlioll chrolllltig)aplh. is a precise ilieltiod o0 deteliillltig the alillo-acid Content oftloolstuiffIs, hillit is very expelsive id lillueconsuming. especiallly hlr silllul-conta:1 illing aillillo acids. Miller nid Naismilhi(1958) found ahighly significanit coelaion heltweell ilte tlf stilli
cotltll of
 
a diet and its net dicary-l)ioicin VllC. Millet alud )otOSo (IQ11) Usedihe
sullfur-nitrogenl ratio predict the tliel Cif]valulC. 'lhiS
to dictvI-lrol 
 1iridilrgs
indicated thal a deterrlilaiion of total sulflur Conllet ,if'IegltieS ili~ihl he Used

aIsa screening technlique for ileSillftur-ciitatillill 
 arllill1
alid.,. 1u010i10ouilarid
 
cystille.
 

In investigatiotns Ifgeitelic Clntrol if"protein (qity
:1ily mid tqulality illgii
legumes I)ySatdlit (1909) and Porle (I1972), bothliused alltall,.is ol llal
sitif'ur content (Blaichar et al.. l905) as an 
 illdicalfor of" lutlilive quality.

Sadhit founid a coefficient of deIeiriaitioli 1) (r
of ().8 ilie igi ess it ofsiill'iiir as per Ceti of dry matter otltie sulfulr-contlinlg arillo lcids as peiceli fif
 
protein illsix lines of chick pea, C'c ,r
arclitil/l I..

Porter, using five liues of' dry heaii (l'hascolts u/ll,zaris), olie litre of hllac k-ee
 
pea ( Ii'qna silc'llsis)arid (rlne litle 
 of" llliug he:ni (I'hscoluiv et -cus) a1,0foriid
coefficielil olfdelerliinioti of 0.87 (highly signtificat) '0frtileeiessioi of'total stillfur as pet Celi crude protein onlthe sillllr-colltaiiirlig ailillo acids as per
cent of protein. Sigrificatt regressions were also obtained ltr valuucs (ofPR ollboth the sulfur-contailrililg atlirtlolcids :isiM cellt 2of' )rllill (1 = (.711 ) indtotal still'firper cent pltelil (12 as ofcrude = 0).O). The regressilis of' IPIR ot
Iletlhiottille or cyslie allle as per celli of ploiil wie ll siglifi cailil. 
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ENZYMATIC DETERMINATION OF INSOLUBLE,

INDIGESTI1LE RESIDUE OF BEANS
 

E.W. Hellendoorn 

Indigestible Carbohydrac Content of Beans 

Dry beans (lh'asi ohislu.&aris) Collaii onlaveraigeper cell hbot( I I ier Celli water, 22crlde protein, 4 per celli ash, and 
drale con tent 

1.5 per Cell 1i1. the tolal cabllhy."by diffcrence- thus being about oftt per cenl (WYatIal.l 'Merill.
1Q63).
]'lie
S tch ctlelll a 1IIIIIIIs
to db J -1boIVCell, tiletptouind LCe)elndiilg oil tihe Metlod 

eicen tage Of stalchof' etelitialioir. I huweve, notCill all this slaic'be liadLie available e;sily as gluo')se.Cby e'ydepetnds oilthe ri ysi,. "fliTeconiition dige. libililvof tlhbeans and oil cooking lime (Ihelllooll1969). The slarch ol raw beans, which had beenl 
i 

so aked oetlightl is abotil 20)pC cell digeslible. The digestibility of beall sltacli rapidly increases wilh Cooking tim e. Alter olle ht1ilof 1,our u inal tnl, hekit ei Cs ibilitv rises to 11)011 85per Cci t ld. 11'(tlr OteIC1io r l i ire.,Stgood cookiitg Pprttics miay go till 
C cuikiIig, ile digeslibilily i'fbe:iis wit IIto about 95 per ceili. Ilho\ver, lhe diLcstibility of' stlch of liid Cooking beans never reaches such a high value, rot even
after pressure cooking. A siall percentae of the beausl 
 will iot cook to solftnessatall. Accordiiigly, sole i-eltioinship exists betwet tihe cookabilil ol beaus


and their diges t ilitY.
Taking 85 per cclt asaln average fr b -eau-starchdigestibility. aIcalculatedtotl quantity of about 20 per cenl )1"the dry bean ctnteit appearsindigestible. This figure is ill accordance wilh the 
to be
 

'aluies calctllted by Mc('aice
and Wi(do\vsoii (19)60) fbr unavailable ca rbolydr tles of, beans: one of t1heiearlier paper:; itmentiotted a variation of from I 7 to 3(1per ccnt (Mlc|('ace.l al..

1936).


The crude tiber conte1t ofteit is taken as 
 a measureindigestible carbohydral tes 
for the liercettage ofiill loud prodtdIs. The crude fiber COttCbeans Of dlyas given iii Id.c)inu(upsition tables is trout 2 to 4 per Cellt, showing that agre ,ldiscrepancy exists between clui-Iber Cotntenit and calculated quantitv ofunavailable carbohydrates.

Crtude-lber Cointet is determined by cheimical ,i:'lysis, either by the Weelidemethod, i.e., an altcrnaling acid and alkali ext,jctiuu, by theKtrschner or Schiarrermethod, which involves art (xidative 'reatninert. Moreover, "an Soesl1966) gives a crude-fiber determiiation lechniq~ie that uses detergents. Noie of 
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uas ailding to n with
cliciiicl dL~inWnaiimsiof tihr~ OmiIwntOwe'~t pmiiCI 

iiiiai digcstive fralt.
tile phy.niiiigv (I i:.,cshon ii ll t 

have h' ii 
lDiiect otlI/VIlIaliC detllCIIifIt;itiI)iS (t iniaVail:ihle Ciihl'dle 

We pieflcieditck anid Benhlamt. 1951)
g.ivelt t\\illiaitsaitid Olmistedl. 1935 W 

11 Hight: this %%-Is tItllotwed by a shlnl palnceatinl
till' tn'"l 11MIUdIi dltiiilelie 

as IeCLili Miid et~c~it5tstl~t~iiidivc-stihic. he-iii colinptme11Ilts 

I lk ills Iihlit. esidlil cnlil~Iii. bKsitlt. iIIlli'-TStihlC C3I'htihiv
solliitc hll'.b 
dgte 11 t (Itt ,lcIliitet. 

tic itletit arci l IIIihi ieLd pepsiti-pal Ik Cl2:iill
pittiti thud1ciai. i ()fi 

:iiid I)Mitill. (OtttsetleltlV.
I 'iS e djCii It ()f ld)0115 iIdi iselit)t-eill pliliuli'ds 

lisC it) Ililitl dio'cstive kh lliS.
l Iait h0It IllS its C'IltIaIlIl)ll' ciili 1 

ill [lie Small 
tie Ii;I eli/1WIlltuic~hi. dil-steul atnd ahstlhel

(alhli\Jidsk thal 
halCi iii eli/S Ill the Iill CSititiC onWld\traces 

intest iill elCICiititd hw 

kidlS jul CaNL" lid 10tilidIl l 11 iilit.SIIIIIt S
 

;lid Ilitldill iiit sl~ull. ijiSel tals 


huedI I I Ulldhi~tWill. I. 

Procedunre
 

be aillsIedj is,CtokeCd. dild tiiiell diVidedl

the beaus toA\ kmmntsii iliii oii 

Next,.50 Jil 0I this Siisi1lsittii (Wsith ;Idl'vsieve.ill a bletidei to pagss a 20-miesh 
1 1 tt slii ht iS pill ill a 

mnattel ketotiteili (11 Ilto 21! oittlliiiiig Jill Illtod ia; 
1,:SI. I I10,000)~ and1(50t Jil 0.2 N 

.25011ni glass etritttilid I100) llA pepsill NMeck 

11 isohA tiWed.
il l :Il ili Ail Ii C( a (1

atI id added.lviltutWLes011 


ii lliliei ithaellt iii tI
 
tileidatill~c ditit it.i 

lINei it 4o N sdiumisOle siici:tti ncnhIlikisii the Illixllt.'Att01 

moii Iha ipect.'I isolt.io.ndi15 i itK1121 0i4 an ibit15ltvdlichtloi 1cd 

)n is clIi -IIi t.'d. Ilk illtat31il i is decatitedtitnl a I .G odiii
Ilk' snsi 

l aan WashiC.ae iid li
IAMCi i.'seutil.tileis lililisdnitlneihi 

4 N~iCale ciid Que t5s withtItie. ins w3it hilasCliit.'iI0 leticii lli 
RTvin mt 

a let" t n) ialtly~ paecaa is
Ilk' mesiuc tl teoigloatm~ lat 

iiosml pieces.L lass110g lie111 lit) bIeaud~l i(Itittihl. l,pllill IS eillit.' iid. 
i a SCin

cie sedi iniiatltlicieidl1)WtWAIMdCIIihtitI'Cdrvhld iscincible Itlie 

Conustanit weight Iising timle Iloinl 4 itoIt ii). 
Ohdry nialierCIis expreCssed as a eiceIilage Ot 

IIle Weightll (1t ie. dlied 104idne 

http:isolt.io.nd
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tile samople that shows [he (uilatity of insoluble. indigestible carbohydrates in 
the sample. 

II tile salle way, the nilrogel collilnl (by micro-K.jelddl detle inalion) of 
tileresidue Call expressed as a percell',e of" tile nitroge1n teolltlof, the 
sample. w\'hiich siows, the (tlaltity ot" indigestible crude protein in tle sample.
Subtraction of this vailue froim I00 yields digestibilily coe'leienl of protein.ilte 

Results 

By way of example, tie mesults :Ile given of' tIe analysis of some types of 
ptlses (Table I ). hle Imowmn beals iiestigatCd wee ill tile diy, 1raw' stale. Alt'r 
soa king tie beans ovemighi mind pIessurec ookillg (one houl I[110(C), fithe 
lliXtlr' of' beans with cooking waler was anmllyzed. ThIree collellelial Calied 
I)rodimCts also \'e0e aialy/ed alter the brille siltitn was decatlled. 

The figures show (Iat the indigestible Iesidue deteriimiied by (ie entymlltic
metlod is far greitcr than is expressed hy tile figures obtained through the 
crudc- fiber de termillion. 

I owever, the percentage of ile indigestible residne is lower than 1ie tnavali
tie carbohlydrate content "by dilferenco. ,' Two causes 'or thee diffelrences have 
already been mentioned: (a) the pepsinl-pacreallin dligeslion was carried out to 

TABLE I 
Main Constilients of Four Types of Pulses 

Brown While D11n peas
beans ta Is (marrow-'a I) fleas 

(pressure (canl ned, (ca nned, (cani neId 
cooked. decanted decanited deca ntled 

('onsfiituens tolat) product)product) prjduct) 

Dry matter 81.5 29.. 26.2 24.9 

Percentage oif Dry Matiter 

Protein

(N x 6.251 23.0t 24.3 22.5 21.9 
Fat1 1.8 
AshI 4.0 - -

Starch 
(eizyllat Icais 
gt.Ldclsc) 52.6 44.0 45.4 42.0 
Crude fiber 
lIndifestible 

(2.8) (2.4) (2.9) (2.1) 

residue 15.0 15.7 19.6 13.2 
Digest ibiti)
coeftcielln ot 
proleil (95.7) 

lotal 96.4 



324 

give uinital residues: (1') tilesoluble indigestible food components are not 

inCluded ill the delerliluiatiOl. The second point also applies to tile lotal colipo

rown hears ill questiuu as a Iew perceutages escalle :ilysis.
sition of' he 

Summary 
eli/,'IHCMethod iS1)1r1opsed ['OrtlhedeeICIC1ll:1l0l of inlsolhle, 

A simlple 

lesiItleS Of food p otducts, which leplaces cheilical crude-lber deter
ildi,, i' 

to lieIr
oitle indigestible residue (11pulses appeals01.'
11illatioils. The pelcellag 

..de-'iber CO)lteCil.rglCeael h1 1lil lih 
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CHARACTERIZING BEAN-SEI-) IROITEINS
 
AS A BASIS OF SCREENING GE-RM PLASM
 

Donald R.Wood and C. Vernon Cole 

The dliscovery ofl'flfe el*cCt latthe opaque-2 111111ailloit.e ailli,-l-acid coiln-
I)OsiliOII Of CIRdaOSlwi 	 (Ni,'/. C11 P)(-1)lotilis ot 1:ti0u1 ;11.. has Micd ilope,
that Signiicantt mlII i i n h IIe lh ' V ltlt'ue ( 11llIC';III ;IdC ilIlitlJlitillalI ;IJiltl 

seed lroleills. scleelljl, of" illmhCIuJus hNINb'Cn die (1 lhe ;ssI taUIliOll that 
filt .liz alC''ievement M 1 cLIops. It IM ,CseiuINI)call he exICIt.'t ll th1C 	 1W 11le. 
htoweve'l. thilatie possiblilty 1Iikimii ;ill l lueiiC.2-ike Ilillitit l 1'l1iSill op1'l 

sClC'llill iS iledit d.low. Ifa lie\\' ItMCNllc' WC Shiuihl look dli cileluOlIlill 
seCL JaOtieil.S wilh Il IC thatl ill ililltilitiluil iliiiw elltIClll ial valihepioleii 
dL'pCI lllS thiCii IIc'W w\y '.OfllColllhilliiili ill 

Miaterials and Methiods 

(ulivars of, heai'ns wveiC rii\viI It IIaltilil illa cillslait-tell i) l looi ill 
4-liter tpolyeth),lene ciulil:liirs wil Itful pilans per collaineir. Aerlted liliitril
 
Sohllions wele inodiVied I,01 huai culrtle. Stnlil \uas siplplied loin aIstock
 
sOitiuulOll Wvith I Sl citlc IcLiVil\' Of 0..3.13 in (i '5S/niM~l S(,,.S.
 

MliMla, seeds leidcl mill to) pas.
wCC grilild illb 	 lillollh a (1t-.lilesh sice'rCi.
 
The gloallild \eal\\%is exliict1xl ill ppci Cellm)(tiiIIIi 
 chl tilide(I fy2t iid) ill 
50-nil centrifuge ibcs (l'owiie., I1iI ).l' v\'vii'lpiyriindidonic WIVi) 'iwas uised iii 
ile exlracliin ialic.,ss tio comaiple.x the phllolic ctuiilliliids. The'lliuimlie ws,1 

a wrist-actimi sha~kvi MIIiiiIliteNi Amimj L ijeitie~llgil~~~~~~~~~~llc'd~~~~~~ :i\'il:~ilagitatedl mil 	 l~k' ~iI)illll' 1 ~ill'llipclIi ilel.IlhtebIM 1 100 
extracts wele Cefliri11ged :115.(1)(t Iinl Il 5 uiiuilcs. lI'e cleari liquid was
 
iecantied hioo liube i Iiil 110011 iiiLSit.
lile tIhiuull 	 lidh s;iiiiule' Wais Acl ulI
three times anlid cmorlbineul auliland dilv/ed ;112('"V im piis hlaliillt'r Ilpl 

7.9. 	ExtraciS \%'Cee cO lntiated iv (liaiJ\''.IS dldiilsl A qi:cidc.' 
h)iscollhtiiuioils 'ertical-gel %%;hIsitll;III ['-( is. [liec litriSim Oil aippalall 

pilof' tihe spacelr blTle was iieCLId tom 0.7 tm 7.3 iWilliamis and Reislehld, 
1964). to adapt lihe systei It Iife sCl;[illioiu if hC'Ai-SCed i) eilis. (,s wCrc 
fixed and Stained with 0.25 per cei cililliiiasie, blue ill7 pci cent aicctic acid 
and 25 per clIt iitlhat'l for 15 laiIls (!ee 'iid IiCleski. I',). Aflter 

trade na'lll niivdiic r aid dlv.s not * 	 ilion ofl If ik lr ithe coi I lim rt'-at impl. al, 

pioval it tile'\cj' ioil oliliher jritiai-.C t1A 11i1 IINahilSti.iia C. 
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cl.ariing, ile gels were phlographed and densitonietry Itracings were made on a 

l)eiisi'ord 542 densilomeler, using :a545 ntn filler. 

Uinstainied gels were seclioned into 2.55 m1m seclions :rd put into liquid 

sciillliliil vials and counted ill Brays scinlillator niedium for radioactive sulfur. 
A IliresCeIce eteLd ID !eau eliminated by adding I ol'walerprotein was il 
I' le vi.l uid Slt if]g t1e1ill darkness to two hours bel'ore countintg. 

I'rteiut (Itlility vas dteturminied by itnici-'luii (Ilzhaki and Gill. 1964) and 

absorplioii il tilte using lie 2'(/2 0 ralio ()eMoss and Bard, 1957).ulri\-violel 

G;el ilt ration wis cai ed out by packing I'tuly swelled G200 Sephadex iii aI 

1.5 x 0ttcm coltiun. Exclusion volume was determined with blue dextran. The 

eoliiitiulwris calibrlled or iiiolecuilar-weight deternmination b the method 0o' 

Antiews (I 9-1) wilh the fhlowing prtoteins: rihonuclease (Worthington), soy

heau' ItVlsitl iiuilibti Il-s (Siguma). bovine sertim rilmin (Signi,), ovoiransfer

rin (.Sigii:1). and htvitie Ygloburliti (Sigina). The colulnn ivas ellted with phosphate 

htill'et :at li I"T . 

R~esulls aind )iscussion 

Ixpetitenll: studies conductled in oul l boraitory illustrate some of the possi

hililies rnd ilhobletus to he resolved if meanintigful breeding programs are to be 
latCd 10 imirpW tie tiitriliotal quality of seed legunies. Aui exp,.rimenl using 

expeitietital valiialles of cultivar anld stmrce of sultor wa s conIucted in the 

gicenlItose. The data obtaiiied, shown in Table I. were interpreted to llean that 

thle SOnICC o' silttlll iltluenced iitrogen and sull'tr compoilents of )eall seeds. 

I howeve,, [he atio ofdmietlhionine to protein i hese data was stable. Under the 
C0oitditiots otf Ihis experinent the relative proporitns of seed prohtii were not 

stillr itreatlienti. relativeshiftled ntiakedlv hy l so that lite proiio ions of the 
aimitto acid was :i function of Ine clllivar grown. Additional evidence for this 

inletlirlehititli was provided by the dati in Table II, which showed that the 

tested cull ivars differed sIgilcrinll it the proportion ofl Ielhiollie per infit of 

protein. In this case. tie pitlein-N was precipitated by 0.8 N1trichloroacetic acid 
('[CA) and the ntonproii-N was soluble in T'CA. A reliable, easy, inexpensive 
aialysis for seed ploteni tlhait would not lbe iiflueiced by nonprotein nitrogen 
sorcllc.e wOnld be useli] ili genetic studies. 

One waiV ot exploring the lange of nutritive valuies of beans as ahiumiian food 
is to look :at [he c011oilleit piltleins that are characteristic of' tlehspecies.seed1 
Sepirllioln by ply'acrylaiide l electrophoresis. as shown in Figure I, reveals a 
divelsily t proiti hainds I'roin olle variety toi i ollier. As pointed oul by Favret 

I6)67), tIme leseLc'e to absence ol" ;i p:rtictilar band nay be shown to be tider 
genetic cotliltll. A sitlivey abrorid range of germ plasm should reveal the alleles 
of, the loci that delerminie Ihe presence of seed plh'ilis issociiated with each 
possible Itidn. It is possible that soine bands will occur iii every bean genotype 
tid that oliel hiids will occtur In rare geilotypes. It ilight be expected that each 
valriely or geiotlype would exhibit a unique liernutatiotn o1" the possible seed 

lteiis ind thus show ri dilferemt paitlern ul)On sepirationiby gel electrophore
sis. 
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Talk. I 
Content of Bean Seeds Grown to Maturity on Various Sulfur Sources 

Pe)rcent 
Non- Ig

Total protein lIotein Melhliohine 
Sulfur source nitrogen nitrogen nitrogen Methionine g protein 

Sodium sulfate 4.02 .511 3.38 .408 (.90 

Sodium sulfite 3.78 .410 3.29 .397 0.90! 

Sodium thio
sulfate 3.94 .466 3.33 .396 0.88 

L-:ysteine
hydrochloride 4.60 .627 3.79 .475 0.89 

DL-methionine 4.17 .564 3.42 416 1.89 

N203 

RF 04 08 14 20 23 33 45 (A ?3 80 88 95 

LIZ?7lE .I.__R 
% 35 25 72 39121 86 4, " it 3 

RF 04 07 11 15 20 25 32 46 64 7'4 80 85 90 

% 3844 63 72 51 121 5 379 II 2? II 9 16 

I41 

RF 04 .12 0 23 31 45 67 73 80 83 90 

% 42 154 39117 71 378 14? i II 16 15 

Figure I. Patternos fbmi-% d o of thiree .ricliv W1.1A cd 1\ 1% lylr I~ lc 
I'cl electrolbhore %i%. 
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;elfIil ration provided supplement gel electrophoresis -echa useful to tile 
-id fractions of

i.jqes-.Separatio of' seed proteins Sepf, 
in Figure 2. When these fractions wereshowndifferent molecular weights, as 

in 
irilher separated by polyticrylamide gel electrophoresis, bands not evident 

revealed (Figure 3). Individual bands nmy be charac
)revious separalions were 

for a number of Iactors related to human nutrition. Such falctors should 
terized 

protein, its digestibility
include an assay of the ,miino.acid content of each 

during feeding trials, its proteolytic and/or anti.proteolytic activity, if conjuga

led wiilh other moieties, and whether it functions as ahemagglutinin or has other 

hat mftl effects. Whether 'he seed proteins are components of aleurone grains 

s fact may facilitate utilization research.also should be known, as tlh 

We were able to demonstrate, using the negative staining procedure of Uriel
 

RF of 0.9 was a trypsin inhibitor.anand Berges (1968), that the band with 


Con firmation of this fact and the possibility of More than one trypsin inhibitor
 

comes from circumstanltial evidence related to the known high cystine content 
were able to show that aleutr

of hean trYpsin inhibitor. Vogel and Wood (1971) 


graills near the surface of cotyledons were high in protein-bound sulfhydryl

one 

t'io 

oo
 
n.7 

6 

E o0 

25 35
0 5 I0 15 20 30 40 

FRACT ON 

I IIpinto seed separated by gel filtration on
Figure 2.The protein conslituents of UI 

S,p adc G200,
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Iiguir 3. I'rploretic I tern0s l'pel "'lltrit I I I .ed pro ic,1 . 
13.10(1 i Itterns are Isfollows rroni tol) to httom: 56,000 1()f w II'm.liorii; 135,000reel %.In'etion,: 19,000 inol %vI + 360,000 oi d l I i 1 : ,0 ,,i()n: hi'0Ira 11el wt360,000 1110l %VItrlclil: and RNA oil Irea id 

%r 
uinltri ttootled e.xtrait. 

* ncl disulride groups. WVliel Ihe o"Ur cell lIarts Were the proleinextrated nd colpared 
reni oved i 1d 

to tie protein of flh realinder of tile cells of' ihecolyledons, ihere was a decided shifl in I lie (l1il 1ily of ihe proleins *"cerl :tinbaIds. Twice as much protlin of, the ,Insl-liiovitg haids was presevil ill the otilieCells: barlds of regions 3 and 4 were most prevalent in Ilie inner cells (Ta ble Ill),ligh concenIralions of sullltydryl and disilfide in tie I sl-moving proteins werecoit Irnied by labeling experimentIs, which showed Ihat ilhose proteins hatd abot10 tfines as mtich snitilr as Ile thler brtids. Lack of resoluoiion in sectioiiing tiegel made il di ffictilt to siiC W\hich bands of' zone 0 o' Figtire 4 were high in 
sulfur. 

We vere able to detitonstrate glycoproltins in beai cul tiva rs, using tIleperiodic"acid Scif teciiqtie of' zatcarfus, el al.. (
The presence of a sharply de fined band 
19). ;Is Shown ill Figure 5.
 

nar tlie fronl was il1osi suirprising, is a
band in tils position was n1o1 demonstrated wilth coinl;assie blue SIlalibg.

We feel I al our work has d(letiotstrtled Ihal knowledge of Ihe kinds olbean-seed proleins and their mllrilional ch:rallerislics could be the b:tsis ol"avery )recise screenlling system. Genotypes would be screemel ror the q(intilyalid nuLliber of, tIe seed proteins iresentl and the nutritional valhie could bepredicied, ased on the knowledge of the coimipotnenI seed proteins. The planibreeder could carry the prediclive plocess a l additional slep. Knowing Ihe ex.ten l (if the gelletic variallolltI'm seed .lroleits, lie could predicl ile gelotype oftie bean cullivar Ifi1 coutld he developed \vill proleill of Ihe highest possible 

nltlltnitiolal value. 
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TABLE !1
 

Content of Bean Seeds of Different Varieties
 

Percent 
ngNon-

irotin Protein Milionine
Totl 

nitrogen nitrogen Meth(ionine g ProIin
nitrogenVariety 

.442 (.87.465 3.69
)ark red kid',y 4.35 


442 o.95
3.474.29 .655Pinto. 1.I.1. 1 I 
(.853.17 .3663.67 .426Ventura 

TABLE III 
Lavers (0.5 - 1.0 1rni)

Comparison of Proteins Extracted from the Outer Cell 


and the Remainder of the Cotyledons of the Bean Variety U.1. 111
 

Inne -r()uicr 
('1M -(TM

Ip'(PM 	 CPM S piri.
c"r o....retic puProItcinSZone 

11II 173 
S5 7(1 176 3.2 6.4 

153 j.i 
2 921 1510 'l 83 

6.93022 522
3 3252 4186 6.7 

4 737 1(1(1 7.4 11144 144 7.2 

17 39.226 50.2 (66
5 I 315 

98.856 79.1 2471 25 
6 4429 

400 

nu"300

2200 

D(00.. 

64 76 81 86 90 10
.04 .13 .23 43 

rfVALUES
 

g0lll! !I ! !ILL
BAN4DINGZONES OF ELECTROPHORETIC 

rm i ict olteIcr cell layers of 
Figure 4. Con pariion o' 15	Sactivitv of protein cx traitcd 

) 'rd protcinb from thc rcmaindcr of thc coN ledons (
bean colcdons . ... 
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IV B. Useful Experience From Oth"er Food Crops 

ANALYTICAL PRO(I)IURFIS FO1R S( RI I-NIN(
PROTEIN QUAI IIy IN ('IkRF.%I. (RAINS 

- Evangelina \'illegas 
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ANALYTICAL PROCEDURES FOR SCREENING
 
PROTEIN QUALITY IN CEREAL GRAINS
 

Evangelina Villegas 

Importance of Genetic Improvement 
of Protein in Crop Cultivars 

A large proporlion of the worldwide human protein needs is supplied by,
vegetal proleins. At preseut, only 29 per is supplied by animal protein andcent 
71 per cent by vegetal proteins. Indeveloping cotinries, wlere there is a drallna
tic protein-calorie dleficien.y, a clitical llgellcy exists for illcreasinlfg piloduclivity
and. especially. for improvillg the flli frilioital qlluality of' the dif'treill Clop cilli
va vs. 

Most of h,eexpatdcd stcllltlic aid cooCprllivC research neeCded W solve 
these problems involves thie disciplines of' breeding, genetics, bioclheimistry;and
nutritiott. Successful iiltProvetllell of proleill dction attl protein qailityp n 
will permit tiltedilievent crop cullivars to play an increasingly importait iole in]
solving tie lhtia :nd allimal lititlional problems oflmost developing coill
tries.
 

If supporlted finattciallv and politically, programlms for1 
 using highly lutritive 
suppletments or prepared mixtures of' )rot.ins also could play a very iportant 
role in solving ihe itiriiinal problems ol" lpeople living inl the low-income, urba.llareas of' the d-velopimg counitries. They could also help the badly flourished,
subsistence, rural families. whichm comprise 50 to S) per cent of ilt ioell popula
tiot of those couillries. (erlai'ilv. all scienlists working itplamit bredlilg, gene
tics, biochelmiistry. jutii itiom. and related 
disciplines feel obligatcd to search for
genetic improvemCnl amLmd it ritionalfor fIle qualify of crop ciltivars. The task
 
we have immtposed ol the genetic-breeding prograums is not easy. 
 tilt neitler is it 
impossible. 

hlie discoveries of he effect of opaque-2 aind floury-2 muntais (Merl/. el al.,
1t)64: Nelson, et al.. 190n51 oiltlme quality of the mai/e endospern protein as it
affects amiitto-acid balaMmCe, and later the effect of the Il iproly' gene ol tIme 
lysinc level of' balky endosperm (ll:tgeberg and Karlsom, Il(t)) have sparked Ilic 
imagination amid stimulated the researches of everyone concernld with gllnelic
improvement of cultivars of' the imlpoftant clops. These discoveiics ofTr a signi
ficatt alternaiive for helpitng to solve tiutritional prohlenms of' fIme less-devel oped 
tnat tins. 
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Teclhniqtiies for Evaluating New Germ Plasill 

in Cereal Breeding Programs 
Rapid aind ieproducible analytical methods are an absolute necessity for guid-

Ilailt hibce'dels in idelitifying aid developing improved crop cultivars that 

c.mlillc P411giailorlicllii type and ilploved nutritional quality. Such tests also 

(list inrgishilug between differences caused by environmental effects 
alt. iltill ill 

,gietic variabilily.and iliose caused l out-
Ill th1C lt, advailces ili bleedinig high-yieding, iiInprOvcd cullivars with 

screen
lig li lla pioleltics have been hailipl d by the lack of rapid

slailii Ihat eierge each 
jip, tcchliiJnes Capable if li:iidlirig the thousands of" samples 

Ihli :ill ileu,e beedinllprogaill.vcam 

Wha ceLliiilg Ieciiitlles cill We lectOlilllieid for evaluating tle nutritional
 

because of the diversity

The problCirI is inllliillyComplex

quialily tt Ipiiliic. 


of til lei iull peclies liildel considetllioll. Methods a d analytical proce

of only minor value for
 
iilht bL, o ,:ti for one specie mily be

iiii, liial 

,lLIdvliUsi be IMCiadC
of tlhe nultritiolnal properties both 

;1iilhe0. A colLA 
e impioved.

walle se aild stleitluls of cach species that is to 

Methods needed I'r tihe inilrovelmentll of grain
ciuiCitiCred ;lildlie1 iiltlc, imiO 

we have found effective fordiflerenm tioll thoselCgiiIle" will, ili gCCial. he verv 
the latter should prove 

tMil\%,t- illcieil,. Ntltiellieless, tint exlleliences wilh 


l s fol gliaili legulies.
i"Cliil iii c"i'lliliiiigll lialail 

Maize 
ss ihe opaqic- 2 gene are called high-lysine iai,.es 

va Ill pI sscMlai/Ce 

lvsine level found in normal varieties.

dilleiti inrle tbcluiSel they conlai ll lh 
a beticei amino-acid protfile. The e2ndo-

They alst) clilaill ilmol, ptyphiain and 
this gene can le distinguished

spinil (keiilcli atacrlcelisllcs itt lilie, c:utlirig 
because ofiicir soft texture,imiai/e eiidhosperiivisil, 'Ivt ll its otlliet I'es of 

which is tihe lesull of their not iransilittling
low deiisilV. aiid dull appelaailce, 

fight. These chiniacltritics liIake itpossible to ideniify ieopaque- 2 gele in the 

iilatctial evci Miei it has heen incorporated inito a iorinil population
seCgrli 

ssiig. l)iiig the Ir-st few \Cais ott iillploving lysine and tryptoplian
tliiiiogh ci 

I e iico'tploatilli of this gene, only visual kernel selec
levels ini iiiaie tIuhi 

a practice that precluded any
ieCeling pipgrailstutul was llacticed illiui:.I 

by making it harder and denser),type (i.e..oppolilii lt iilrpltV thle grain 


which 
was most lecess ,yif these vaicties weie io be accepted by the farmer. 

at CIIMMYT slidied different procedures
Recogni/ilig these sI iirtcoillings.. we 

be able Io circulverlt Ihlem. Eveniually, by employing
by which we would 

able to identify kernels with high
siiiple and fast anialytical iethods. we were 

and lysine and with almost iormal endosperm types.
conitellts of typtophlail 

2 aid opaque- 2 with llodified kernel types are shown in Figure I 
The opaque-


A ioF.
 

Metlhods 

routinely to evaluate thousands of popula
('mirteiltly, the p ocedures used 



A... 

Figure 1. Opaque-2 maize and opalue-2 u th modified kernel tpes. A: Opaque-2. %oftendospern km . B. C. D: Modificd endosperm types
derived from opaique-2 naize populations. I: ,inc mio-Is s ilh hard. nearly normal. typc of cndocrm.rndificd opaque-2 inaize 
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TABLE I
 

Lysine and Tryptophan Content of Defatted Endosperm of
 

Opaque-2 and Modified Opaque-2 Maize 

OpaqtIe-2 

maize 
Modified 
opaque-2 

Comnmon 
maize 

(soft endosperm) 
(4856) 

(hard endosperm) 
(4855) 

ILy~ine 2.00 3.80 3.40 

,riyptloilhan 0.40 1.00 0.85 

Protein (;, N x 6.25) 9.20 8.0(1 9.93 

illaterials from the nlai/.c-reeding prograill (Villegas and 
lions ald lo segregate 

Mertiz. 1l71 ) ate tihe tllowig: 

I. 	Sample prepar a l iolt Ior endosperit analyses. II ordert( ideLltily retdily 

protein quality. aialyses -are restricted to endo
tile nmateli:lls with improved 

illaiie eIlospemn is dcficient ill 
Speli malerial. This is necessary Iecatse the 

tile oither hand. has a relatively
lvsine' aid iryppiphan. while fI eilmbryo. l, 

the geneticcompl)OSition, regardless of 
c0t0stail alid WCll.alanced aminto-acid 

hackgm 1Ullld. 
families is performed oil the endosperm of* 10 

2. 1'he evaluitioll of' geiletic 

seeds taken trm each ear. 
defa+tted. using heil~en. 

3. lie endospeim sailmples are 
S 	 it a title powder with a Wig-L-Bug

dried and-1. The Satinpleatelil d ground 

content. using the 
5. The protein is determined by estimating the nitrogen 

inicro.ljeldal lprocedure. 
using Kjeldahlda.y, we are also 

(i. In order to pcrt'orm more analyses per 
determine nitrolgen colorinle

for batches of 40 digests, after which we
digeslio 200 samples

the Technicoit auto.analy/.er. We usually analy'e
tically. using 

daily. and Bates 
lecause of the relationship observed by I lernainde 

7. Tryptoplian. 
tryplt hhan and lysine in the niaize endospermn prolein (approxi

(I 91)(11between 
tryptophalit determlination llMay be used as a single parameter 

na.tely I to 4). the 
of the colorinetric method of

ot" maize. A nmoditcaliOifor quality evaluation 
Illauth lias been used for tlis eStitinltion. Up to 200 deltermnilla-Opietska and 

tiotS call le perl'orilled inl a vorking day. 
is slower and less reliable than is trypto

8. Coloriimctric IvsinC deCteiniination 

phan ilermination. lVsine is deternined only oil those tmaterials selected for 

tlte lysine value, as well as the tryptophan, is 
hight tryploplhan values., or when 

method (Villegas and Mertz,
We seileh 2.chloro-3, 5-dinitropyridinedesired. 

1971 ). 

1).The complete aminoacid analyses, using tile Beckman anlino-acid analy

tile outstanding materials.ZCr, is pCrforI0ed only 

http:auto.analy/.er
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10. In certain cases, i.e., when one maize family with hard endosperni (nor

meal endosperm type) is identified as possessing high levels of tryptophan in tcie
protein, we perform a single-kernel analysis on a further stibsample of the same 
ear, to identify which grains contain the high levels of tryptophan. This proce
dure does not destroy the embryo of the analyzed seed, and So allows tile
growing of those seeds with the highest levels of tryptoplhan. 

Evaluation of Wheat and Triticale Proteins 

In screening wheat and triticale ma terials emerging from breeding prograis,

different attempts have been made 
to develop a simple method for lysine deter
mination. We consider that 
 the pyridine method --mentioned betore for tiemaize evaluation - is still very laborious when thousands of samples have to he 
screened.
 

At the present time, we are 
using the Dye lirrding Capacity melhod (1)3C),
whiL0 has andb1w used recommrrended by Mossberg (I1t69). In tIle selected
materiai -- that having high values of per cent of' light transmittance the
protein is determined by tire Kjeldhll procedure. With the protein content
known, a certain arimourrt of wheat or triticale meal is weighed in order to have

60 irg of protein, ard time 1)13(' procedure is repeated. Inthis way. are
we
selecting simultareously for high protein and high coitenrt tf hasic arrrino acids

that reflect time higher contents o1 lvsile. tile rnIost 
 liiting arrintO acid illthese
 
cereals.
 

Criteria for Evaluating the Nutritional 
Quality of Promising Genotypes 

Through tIle cherrical analyses, we have selected materials with high potential
nutritive value, tiresuch ais modified opaque.2 grains. Ilowever, this type of
anralysis does riot allow us to determine if tIne potential qrrality is actually availa
bie to animals and hinmans. Therefore, it is also nece:sary to evainate suich 
materials iii some type of' hiological assays.

Different types of bioassays are used successfully intesting tie protein quali
ty of mrry foods. lil. agarin. ilie
problems Ir lie hcreeders ire unique ard
difficult when they want to evaltate ealy-generation materials. The principai
problems arise from Ire small size of' samples available and tire need to evaluate
tlre large turnber of lines in a short period (Iftine. 

For these reasons, we have clo0sen tire me:dow vole (licrotts pennsrlrani
cus) as a test anmimal (Elliott. IQ63) f'oour preliminary screening intie evalura. 
tion of promising cereal gerntypes because: 

I.The amiiouint of sample required for tie cormplete experiment is very sminall.
One animal consumes approximately 30 g of' diet inthe test period. 'Thisis 
considerably less than that required fr otlier experimental animals.

2. The voles complete ainexperiment in only five days. This is a shorter time 
than that commonly needed for other aintals. 
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At present. in a cooperative study, we are comparing the voles with such 

other test animals as mice, rats, and chicks, in order to learn if they rank the 

materials with different protein quality (maize, wheat, and triticale lines) in the 

soon as we obtain the results from these feeding trials mid 
same order. As 

we will select the most appropriate test animal
evaluatte the methodology used, 

future qualily evaluation of the genetic material. We consider this coopera
foi 

step toward arriving at conclusions regarding fulture
live lest all important 

re

t.1111l erl li 11S. 
methods for screening large numbers

BV Using tile afoiemenLtioned chemical 
the 

of s inples. it h 'as possible for the protein.quality laboratory to hellbeen 
most valuable materials.

cereal breeders concentrate their efforts on tli.1 
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DISCUSSANT 

Earl R. Leng 

I will be very brief in Jise comnments, first, becaunse I amin not an analyticalchemist, and therefbore am simply reporting the work of others who have beenassociated with me. Second, many of fhe major points and techniques already
have been covered more than adequaleiy.

However, I would like to make Itvo observalions aboul tIhe work with soy.beans. (I continue to pit soybeans inlo Ihe calegory o! fod legumes becaluse oflthe possibility that they may be so used.I The first observatlor, whi,'h has notbeen mentioned until now, is tle question of' oil content. InI our labolalorv. aswell as in other places aroul Ihle world, tile nuclear magnetic resonance. nOndestructive technique has superseded all olher methods toI oil analysis. We usedthe technique on small samples, and as we have gained experience, we have used
the instrument to ref'ree a wide variely of crops.

There are mani places in the world where nuclear rilagnelic lesonllance equip
tnteni cannot bc set up. That is, it may not work reliably or slay in operation I(Ma long period of' lime. Ilowever. the speed of tire mnacliine is such thal cooperl.
tive possibilities exist whereby large iumbers ot" samrrplcs can he scrcned with a
nillmnr of \vasle time. 

Second, although I agree that it may not, for the time being, he economicalto attempt to breed out tie trypsin inhibitors, some studies are worlh atteit ion.For instance, studies with starch gel electrophoresis, and Ihe actual (lL:iliative
identification of what appear to be dif erent t ypsin inhibitors or related items
in soybeans, are of considerable interest. As . t, however, tie :!fppoach is moretheoretical than praclical. For instance, we may find tbal we do not want tobreed the inhibitors oni in tire first pface. \Ve :llI feel tiHe eed -- if we are goingto work with the sulftr-amino acids, say, or with some aspect of lysine for a 
swift way to acc1mplish competent analysis. 
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SUMMARY 

L. Munck 

Dr. Carpenier pointed out that life lirst consideration in breeding food legu mes should be their acceptance, because food is iiot food until it is eaten.
Cooked legumes should be studied by nore advanced analyses. "lhe clear-cut 
assessnlient of' nutrients should be of considerable cmiplelielltary value in establishinig tile practical value of food legmines. Single-seed analyses should beavoided because of sampling difficullies: at least 10 seeds should be used. Puhli
cations should specify if dry-weiglt or 'Vel-weight bases were used. 

Protein Content 

The Kjeldahl itetliod is preferable it lesling for prolein cOllentI, aid tile
Technicon atlio-analyter setup, cotfplemetited Will Itlibe or flash digestion
stands, is good for about 200 samples a day. Dye-binding lechniques are difficut 
to reproduce from one laboralory to the neXt, bill are still Iaster and simpler
than the Kjeldaltl melhod, att] cottd be used or prelimiary screetting. 

Sulfur-Amino Acids 

Total sullur could be tested Wili the atito-analyzer to estimate cysline +methionine, but so far this method does not secin promising. Melhiotline could
be run with a colorinietric technique. For cysline, only iot-exchattge methods 
arc available. Microbiological assays for thse amino acids eIed little in fihe way
of apparatus, but do require considerable skill. It is concluded Ilat resources
should be allocaled to speed uI) and simplify methods lot determining the sulfir 
amino acids. 

O!her Tests and Bioassays 

Rapid and accurate melhods to assess protein indigeslibilily and flatulence
factors are not available and need further attention. Dr. Carpenfer has pointed
out that plant breeders may demand too much from the nutritionists when they
ask for siil'ple animal tests to eslablish complex "tituritional qualities.'' Rat cs' s 
are most widely used, and when the animals are icd legumes, file result is usuaily 
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a low growth rate caused by lack or methionine. Addition of methionine to diets 

an assay may sum up digestibility, as well as 
should be considered, after which 

of the possibly deleterious factors of other limiting amino acids. Finally, 
some 

possible supplements to cereal and other 
cooked lCgumes could be tested as 

diets. 
l)r. Villegas gave aconclusive summary of the methods applied at CIMMYT in 

triticale. She pointed olt 
Mexico for tl"breeding of' maie, wheat, and the 

canspecial value of advances in nutritional qu,ality that be obtained by genetic 

manipulation. If the new varieties could be introduced rapidly. poor urban and 
seems to be 

r1: populatiuis might be reached. Ilowcver. the legume problem 

Moile diverse and, therefore, more complicated. In breeding cereal grains for high 
2 in maiie. the associatedwith the help of the opaque- genelysine content 


in tile
early breeding. Ilowever, the 
opaque character was used folr selection 

accepted by the farimers: therefore, it was necessary
opalque character was not 

to moodify that 
for -lnlf-breedilg programs to screen for amino acids in order 

Iaize. This was accomplished by
character and obtain inoiopaque. high-lysine 


single-seed screening method. The
 
employing the 2.cliloro-3.5dinitrl)ri'imie, 

dlve-binding method was used for a crude screening of wheat and triticale.
 

nuclear magnetic resonance 
l)r. I.eng poiltCd out the advantages of' the 

(NM R)metiod for fat in sovybeans. Dr. Wood used polvacrylamnide electropliore

sis to screen different varieties of I/imscoluts vu garis. When the nultritive cluarac

are this lnethod could be used in plamt
lers of the different Ir:mds known, 

breeding plrograms. 
i)r. Munck discussed dye-binding, which was introduced into the United 

as a quick method for eslimating crude proteilt by Kjeldahl
States by Udy 
techniques. I lowever, studies carried out in cooperation with Dr.Mossberg at the 

Weihellyn IHlm Plant Breeding Institute inSweden showed that dye-binding was 

tnore effective in estimating basic amino acids. The Method was used inl SVal0f to 

In legumes, selection for high
isolate the high-lvsine clltivar I liproly inbarlev. 

per unit of crude 
I)11(' per tiit of Kjeldl:ul crude protein (basic amino acid 

of l'icia fiha. It is possille that the 
glv'e Iorespose in a popuilatiotilrotein) I 

the SUSpension. leaving the peptides and 
de plecipitales only proteit Iroti 

be important when harvesting early or under 
aminto acids intact. This might 

oil-climnate conditiotus. The correlation between protein (nitrogen not soluble in 

lr'ia .f'ha is excellent at all developmental
triChhracetic acid) and )BW it 

the use of [lie DB" neilhod to screenm for 
stages. Dr. Munck concluded that 

for example, is 
Kjeldahll protein. as is now done in the United States with maize. 

crudebasic atililo acids and tile 
dependent on 81good correlation between tile 

2 varieties are released extensively in the market.
proteitn. If highh-lysie, opaque

correlation between dve-binding and Kjeldall proteintlests will le poor, but 
tile 

tile correlation between dye-hinding and basic :altino acids (lysine) will still be 

excellent. 
iper'InmrlnlllCe of 

The wayvs in which legumes are accepted by amid affcC t tile 

birds :1nd rats should be studied furthet, with an etid view of developing simple, 

proyisionml bioassays of small sanples that could be used in early stages inplant 

bleeding. 



RESEARCH NEEDED 

Earl R. Leng 

There is general agreement that total protein is the most important chemicaldetermination to be made in rapid screening connected with grain-legume inprovement programs. Dye-hitding techniques are at present tie most rapid,reasonably accurate methods available for deLermining total protein. The devel
opment of more accurate and/or faster t,":!,iniques would he useful.Research is needed tileon relation of total stilllt r Conttent to stilffr-anillo
acids. Accurate methods that use such a relation could he hiilv useful in
screening for methionine and cysline.

1f "total S" iethlods of sufficient accuracY are iot available, more acciirateand rapid methods are needed for determItining IiielIionitle and cvstiue conlell.Further studies on application of electrophloretic melhods should be coldtic
ted. 

A search should be undertaken for correlations between simply inherited
genetic traits and desirable chemical composil ion.

Nondestruclive analytical melhods; (analogous to NM R for lipid COMielit)
would be highly desirable. 

Simple (in vitro) methods, correlated with in Vivo findings. are needed to 
study protein digestibihil t. 

Bioassav. through tle use of test orgmlisms. appears essential f'M any finalappraisal of improved varieties. The developtment f1'rapid, ecomomical. 
meaningful bioassay meiIods should have a high priorily. 

and 

Inl bioassay and other nutritional studies, the considealion of total diets is mu,ch more significant thatn the evaluation of' the grain legumes as sole diet. 
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UPGRADING HUMAN NUTRITION THROUGH 
THE IMPROVEMENT OF FOOl) LEGUMES 

The food Jegllels are iajor solces )I' prloleill ad ollitelniutrients in tile 
diets of many devepl countries and Ihe\ 1le have a signil'icairl ole ill 
desira:le crop rotations. These inlpolall 1(ood species have b.e SerioIusl ne
glected in lerms ol"re.,arch rrec.ssars to increase then yield and I Collect 
Certain delecls ill the riitr l ar. iadkod-ruse ,.ualities.
 

ThIe PAG i.co tireert res:rrch attentin ito six major slicies of"food
.irn,,,ds 

legules: drv beallS. pigeoll 
 pe.-c, o1wpeas, chick ipeas, hI d bearsallrd peas:
 
arnd tie two leuriiur ilrs.seeds. pearrti,, anId So beans. While inc're.,ased yield
 
ard imloved corrsrrirr-e .acceptance cralin l ,sireprin0iar ,iv 'ojcives.
piurrilies 
are also pr(o sed kt t'ietic ipIroIIVe IIt of"Vali ll, Iliri0iorral f'ctors. t1es.
 
include incrCa ed prurreirt crrrcerlratior. hihe rIelirillinle arid cystlin levels
 
(tile sulfr-bearirg arrirr' acids are 
 r.lr'i li tihe Iiist-liriiliirL r:rrro acids irr Ilerurre 
proteins. c.ySlll hr\'irrc a Spar:nirr tltl ,'rirniu..ir). arrgrrr'rh.,i lysirr. wiere 
t'easile (leurrres ire S u'ice,lvirr il LVrel-':rhsd diersk,rrd plolilrpirir:r it1 

digestibility.
 
The imporlarce of rr is ilrdica,,d reed
p cific j1rits111 ard tire or1camrful
 

nutriti,.nral evaluaniori is erhlrasi/,ed. Vrims techrrriques io ev:l iirg rluti
tional prolerties in lreedirre plo.rrls ire listed adrrl riticallv C,,rrpaed. "lthese
 
incihule tot: pl rtilii c. tuu ltlr'r. rlirrr
teirl, ,i e 1i0 i ard uthrer arcidhs.
 
Also listed and ev:luateid ae ictlh(IS d r CrllSlitllerrts,
irdie.,ibilily anr tIMi,"C 
which are classit'ied ul.der he:t-lahile,' an:.h it.,,t:hle 1I.S.The.s,.ihrlde trypSir 
iriibilor (whose hrrr.1IS Irras he sitrrifical Iire iermiggil linis,.ellec tl 1r no 

livilamis. 
to fiavislrard flhat r'f applic.rbilil\ t(' 

ar. .oileroi'ens.,cyanogen .a.k. d,. lahrnvrir., ;r d r:tcrols le:ding
ulence. and inlrlellliiir Ie.,dir tests I'u 

digeslibility amd tol toxic constltruclrIl. Wshicih Are cI:r ,,itid rrd,,er hea.t-I:rbile and 
heat-stahle types. These irncl irrhihitIr elTelurne rrvitr ( 'hiY,,. hrrirral.b Irrrly 
nIot e significall), [Ite ierrggirhr [llirs. anilivitmils, goil.trugiels. cryarige" s, 
alkaloids, kllhyrgens. ard fictors Iearding to fJirIr and hlarrih.rice'. lh'Ialrpli
cabilil alnd inrelpreallirll o Iedirr- tests for valios ;iclrs, including protein 
etficiency r:tlo and diyeslibilit\. i, discussed. Bi :issavs Im g luw l-depressing
 
acitlors are lisled. rrrrd:nrll'ire r eent,,d ln rr,.d. riritiitiOnal
'llso Recolrl.' il 

anrd bilcheilical resa.rcih. 
The attention of legturre breeders is lictC.d 10 tire need Iu1sulultiolns r0 

stlla,. processirrg, a.nd consrue.-acceplarrice priblns it legules [IleIlrIrde 
iealirigs of couokirg, millig quality, susceplibilily to tnsect inlestalio, ll
desirable storage changes. anrrd Illritorlilt of'time (u' Inalualion of'legunue crops. 
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under tile 

hleeding objectiv's, study of growth processes, production and management 

policies, aind production economics and uitiliziation. 

The statement closes with emphasis on the imporatance of a reinforced pro
greater research 

PrI-oduction pioblenms and opportunities are reviewed headings of 

gram off fod-legumte research and training and the need for 

suppl i t a;nd st ionger international coolpera tion. 

Background 

his frequently emphasized the urgent need for improvement byThe PAt 

tire noutrtional value, and particularly the proagricultural and genetic means of 

teilt componet. of' staple t'od crops'. Recently the Group proposed that 

grealer research elfoit should be dcLVILed o upgrading the food legumes, which 

mie iriajor ploteiri resources ill many developing countries. Accordingly, the PAG 
governients am! an internationalSecreltaliatl, will thie cooperation of' several 

an invitational symposiulnffoulllation, convened in .lul\,. 1972. at FAO in Rome, 

on nuirilional improvement of fod legumes by breeding**. A group of inter

noiniallv-ecoCgiliZed agronomists, plant breeders, geneticists. nutritionists, bio

chemists arid f'ood scientists reviewed the latest scientific and technical evidence 
in Iod legumes and how theseregarding imitrilional alnd food-use problems 

might be ilproved by breeding. The PA(; will shortly publish tire proceedings of 

this meelirig. 
the PAG ad hoc Working Group otnGuidelines forhia rehled development, 

andLeguire Breeders nlet il Rome immediately following tile symposium 

dratlled a slalerieit subsequently approved by tIre PAG Steering ('ommittee. 

which is tie subject of this dolMcuIment. Members of the Working Group included 

l)r. Bruce Nicol. Dr. P. Luniven, Dr. G.D. Kapsiotis (allMr. P. 01a\i. ,1. Jalil. 
of' FAO). Di. B. Sigurbjorrsson (IAFA) aid Dr. M. Nlilner and Miss E. van 

Beresteyn ('AG Secretariat). 

I. Importance of Food Legumes 

The too rd legumes' are inmort ant atid cc otoml ical sources of protein and 

*'Ile ffolowing PAG doculenti' and publications are pertinent: 

Statement Nt. 8: Plant improvement )ygenetic means (1970) 
)tocutneint 116/5: Need for nutritionat and food quality guidelines for plant breeders 

(1971)
 
I)ocin nii.1t6/4 Protein nulritionatl aspects of plant breeding (1970)
 

)cumriren t .t 6/3: Proecsipne and food acccptance aspects of plant breeding (1970)
 
**PAt; Iuletin Volume 11,Number 4. page. 6.
 

nes has been proposed by Roberts (t970): "Food4ThlC fltowirg dfiinitioln t 'oodle out 

Leguminosac (pea or 
bean fianily) are consiulired directly by hrun11nrm
lcgumes as here defined include those species of the pant farmily 

titrat beings, most colnmnlolty as mature, 
dry seeds, b t occ asionally as immauiler, green scedts or as Lreetin pods viti the inmmatu re 
seeds enctosed. Itdoes iroti dcludespecies thtrat provide tea for senil tissue that isused as 
cooked or uncooked greens. Food teguuiires utilized as dry seed are often referred to as 
pulses or grain Ici res." 
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calories as well as of certain vitamins and minerals essential in human nlutrition.
However, the significant role they play in the diets ot many developing countries appears to be limited by their scarcity, caused in great part by their present lowyields, their consequent cost, and certain defects in their nutritional and food
use qualities. 

Information on and worldregional production of food legumes is given inTable 1.When analyzing these data, the reader should recognize that the specieslisted other than soybeans and peanuts are consumed directly as lunlan food.The bulk of these two leguminous oilseeds, which are produced in far greateramounts, is processed for edible andoil For protein residues used largely foranimal feeding, primarily in the industrialized countries. The availability of selected food legumes in terms of grams per capu t per day for various contries indifferent regions is shown in Table II, and projections of demand for certain drylegunes between 1965 and 19,0 appear in 'able Ill. The increasing trend illdemand in the developing countries is shown by tv o methods of projection.
Improvement of most of the food-legume cro ps used primarily and directlyfor 1human food has been greatly neglected. In fac:, the "Green Revolution' willnot be complete until breakthroughs are achieved withI1hese food crops similarto those accomplished with the cereals (UN Strategy Staltement, 1971 ). There isan obvious need for guidelines to stimulate efficient global progress towards 

realizing these objectives. 
The PAG is primarily concerned wilh the improvement of diels deficient in


protein, and stresses tileunfulfilled nutrilional potential of tood legumes
improving human diets as well as their ec(nomic advantages, pirticularly 
for
indeveloping regions. The food legiuimes have primary importance for: 

a) Complementing and supplemenling the prolem-deficient diets generallyprevailing among popul;,tions ini urban, subtmrbaii, and rural areas, including
subsistence farmers, particularly indeveloping regions. 
b) Providing economical protein concentrates as ingredients for processed,nutritious foods, including forfoods weanling and preschool children. 

c) Raising the income of agricultural producers by making these crops
competitive with other food staples. 

It innst be emphasized that the first order ofporiti in ap)proa/'hhgtheseobecetives will be the inprom'ement rf prochwtivity, adaptabilit.v, and viehl stabilit'v. The second is inprorhg the acceptabilit. and food rah' of /eginnes ascarriers of nutrients lackhg in man*' c/iets, amt! rednching the concentration ofcertain mdesirable constitents. The inain protein-nutrilional deficiencies offood legumes arise, in general, from a low sulfur-amino acid corntenl. I'i addition,of them contain toxic principles andsome some may cause flatulence. Limiteddigestibility may also be an important problem. Many are deftcic it in organoleptic qualities, such as flavor and color, and in desirable cooking tharacleristics.Factors requiring improvement should be considered in the context of total dietswherever legumes are accepted and where traditional home cooking practices are 
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on total food 
used. I lele. improved varieties can have an important impaet tile 

supply ill acoutlty. 

are

tlit agrtolnic prohlelS in food-legunie production

The PA( stresses 
were solved by the new high

different torlihose with cereals, whichvery 
illcereal production was based pri

yielding varieties. The Green Revolution 

marily on the favorable responsiveness of such varieties to nit!ogen fertilization 

tilider irnigatioli. whereas legumes play a quite different but important comple

inentary tole in cropping systems by virtue of their capacity to tix nitrogen. 

2. Priorities inFood-Legume Improvelmenl 

of existing food legumes, it is necessary
(onsideing the large number 

to 

Ihose species which possess tile greatest potential fOr significant contribu
select 

the diels of people in tilemajor ecoloical zones of the developing
tion to 

and iminedite 
regions. The following ale iterefore recommended for urgent 


attenlion by all concerned agencies and ilistiltitiots:
 

a) ry beaus (l'has'ohts iulIaris) for intermediate and higher elevation iropics 

and ut illigaled conditions. 

low to intermediatefor iniliid to semiarid.b) Pig,'on peas ((0anus caj/a,) 

elevali ,,tropics. 
Southert peas ( l'gna sin'nsis: 1'.unguicilata) for

I,. or 

semiaiaid to ,tilmid lowland tropics. 

(Wicerarit'inum) for cooler environments, inclding the higher 

c) Cow peas. Iit 

d) ('hick peas 

levtl iolt
trtpiL, atid Nediterralltall Willter-Spit ilg seisons. 

e) Soybeal s ((0't :oit, t'tl the suhltulid and hInitid, low and inter

mediale elevation tmoics. and irrigated dry seasons.
 

t) Broad beans ( l'iia jiw) I'ohigher elevations and Medilterrateal winters.
 
a 

g)Peas (Pist t .salitmti) for inteinediate to high elevation tropics, and as 

winter clop ill Mediterraneal-type ecologies. 

tile semiarid and low and inter
hn)Glotlildlttlls (.hrhis 1tn.VOgat'I)* lor 

mediale elevalion Inopics. 

not yet achieved equally widespread impor-
Otiner tood legunnes that have 

V. mutngo), lentils (Lens esceh'nta),
lance are Asian gianmS ( l'igta radiala ana 

bealmsbeans (,Snheitslyrlis sltenocarpa), liiaIhlpities (I.tipints spp. ),yaln 

Jack beans (('anaralia ensiJin'mis), bambalra groundutits
(I'haseolhts utnaltus). 

species exhibit specific useful fea
(l"oandzeia s.bferranca), and otlhers. These 

and should be given appropriate local 
lures of adaptation and nulritional value 

oilseeds are comsidered here for their exceptional potentiat as food
*The two tlen no 

proCill sOmtrces (N ach %itch, 1969).
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attention. As their value becomes better delined they may achieve major signifi.
Cance.

This statenent seeks to identify and deffine those food-use and nutritionallyrelated problems inherent in food legumes that plant breeders should considerwhen developing well-planned programs for genetic improvement ot' these crops,and it suggests techniques for evaluating and screening crops for these factors. Itgoes on to propose how production problems may be overcome through geneticinmprovement and better cullural practices, when such leans are available, andindicates areas in which more research is necessary. 

3. Genetic Improvement of Nutrient Composition and Digestibility 

Within each of the important legume species, tie range of genetic variability,as well as tile effects of environment on this variability, should be determined in)relation to various nutritional factors. The l'fctors listed below in an order ofpriority varying witlh feasibility in individual species (Roberts, 1970) should beemph asized in breeding-improvement programs: 

a) Protein concenratitm. This attribute should be increased or maintained atthe highest level possible, while efforts are made to achieve higher crop yields
and to retain or improve prolein quality.

b) The first-limiting amino acids. These 
 are usually uetlhionine and cysline(except for Ca/anus in which tr'ptophan isprobably equally limiting), whichshould be increased if possible. These slftir-bearing amino acids should beconsidered togelher because tnelhionine may be utilized to supply cystine
requiremeni s. 
c) Protein digestibility. This varics to some extent deperding on species and isnot poor overall, bit for some food legumes it needs improvemenil.
d) Nonlimiting essential anino acids. The normal lvsine content of legulmesdoes not limit their nutritional value as does the characleristic niethioninedeficiency. I lowever, iiasniuch :is lysine isgenerally the first-litniting essentialamino acid ill diets dominated by cereals, every effort should be made to
retain or increase legitie lysine levels.
e) Other essential amino acids (e.g.. threonine). If they are likely to becomelimiting iti the overall diet as the primary liiling atmino acids are increased tothe point of sufficiency, conisideratiot should be given to increasing their
level is well in the legumes. 
f) Minerals (e.g., Zn, Ca, Fe) and vilatnins should be maintained at Ihe highest
level possible. 
Because legulne species are used in many different diets, it may be necessaryto reorder the above priorities to fit a parlicular regional dietary need. Thus, asindicated, where legutmes are consumed with cereals it mtay be more ittiporta:tto improve lysine levels than melhionine/cysline, but where legumes are consumed with starchy roots or lubers, methionine/cystite improvement would lie 

more significant. 



354 

It imist he established Iti any genetic changes introduced will not adversely 

aflect oilier nutiriti(onally beneficial constituents or increase antinutritional fac

tors (e.g.. excessive amounts of other essential ani)O acids. potenti:lly coipeti

live nonessential amino acids, and toxic inhibitors). 1Before incorporating any 

comipositioiial chanige, except total protein. it should he established that the 

factor will he iellecled in imfproved overall nutritional value of tle diet (see 

paraglaph .4)and alll it is leritable in the legume species. hniprovenenil of 

amino.-acid balance and prolein digestibilitv in legumes intended for animal feed

il,also shliild not be overlooked. 
hleetliuigl plograluis should emphalsie itiloolielit of yield, adaplability, 

('ortotal pl le'il Ihtose crops ilwhich significant proteim variability has already 

been establiSlhdI, and consume! :acceptaUbility. Fundamental genetic studies for 

the selection of breeding populations with higher levels of total protein and 

to tlie agIon iIniC illll)OVelllenl alIalllino acid" Shoold be Conducted pillrllel 

breeding ml.-ills. These more titritio s ines can he introduced ilnto the pr(

grlin as soon as [he plt'violsly indicaled requiremens have been fulfilled and 

when enom',h is knoswn ahot their mode of inherilamce to faIcilitale rapid in-

Co atIIin illt) Siperiol types. Such studies may revealo1terwise agronomiic 

uidesiral] linkages. qualnlilative inlleilane pallerls, or physiological associa

lions that mAke the incorporation of le nuititiomal faclols difficult or fill

teasi ble. 
Ixisting popmilation.s shonld be exploited whelever pussibhle to intromduce pro

t.il im hii'.eimelts into curefilly used varielies f.to fmnish sihslitties rcur

relttly used vumcli'es. Where slitlfle needed genot.V pes calnnotlbe f'ounid illexist-

Ilg hIecLdIImg ,stocks. ;ittm'iptS Shl l1ud he ilMde to intduce then hy other known 

leains. "ol citi11, iihs t ul ritleiuuimi, iiiulmo l] shumtile.ci ulo] iuim' tov'nuiitl ll he 

estahihlih.i ;ild CLertaii 11uimniiuml esels of siiiue ,mlliiOacid, Sumuuld be set as 

pi;i,:icl h teC:uuses. udit lm r variet ies should he estali h stand ef,.encu 

Ihlishud ,in undlim.uictad or ea.ch crip, lichemiicah studies hi eluicidale tIhe na

palllr s, a llmo- cid balances. amidtitle a1 d ak.us dit'le ees Ill pl' elle,, l 


ie e rUiti'ItI digestibility ',slui lld ciiCO'ed. 

4. 	 Evaluating Nutritive Properties of Lgumes 

leImS Used food Allldh lScase breledinlg pro,Bca;I"S.I. 	 ;aitIo he as humn11:l 

wide vaialion illthe Conlell ot both nu11triellts and toxicgraIlIS caI hu ltce 

slltam:Ces. caieillM litil] testimg hy leliable lechliques must have high 

plomitlly illany 	 des\eloilnemt IIlograiln. Reference should be imade to two cotil

iplhVm ive IMtituiciIs. 011C dealinL with prI'cliiicah testing of itove] srces of 

ptoictI (VA( 	 ,lideliiie (f)amid ie itllel \fill luman testing ,o1 slpplenliell'ly 

.\(I (Ilideline 
ucd thCet,. are 

lind ini\tlfe,, 	 1 V ,).While (uideline ourefers primlril\ to umicn-

IMll1 its 	principllesVeilltionll proteiln sollurces anltd fIood llli\tlles 

directly :l)licIhle t0 isseSSemiI Of'the saftl\ and nulrlitiomul qu:litv of iew 

leglumne cultivars as well.
 
I'me objective (fithis poli of(it the statelliell is to indicate techniques totr
 

evalliaig tIhe specific nulritive pIopel lies which should he of concern to Ihe 

platt Ileedel. Some oft these ae deemed iitpiirtant ellollu to merit a place iII 
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routine programs for examination of"ilew breeding lines. Other ntritive proper
ties, although important, are not Yet amenable to procedures thai cal beadapted readily to i rapid pl~at-breeding screening program. Some tests arerecommended only at later stages of the breeding process, after selections have
been made according to other criteria. 

4.1 Protein conew 
This seems to be the only intrjfoalcriterion that can be enmployed witiearly generation materials or with liny very lirge series of samiples. Ali attemptshould be made to establish if acorrelation belween dye-binding capacityv (I)')

and Kjeld:ahI nitrogeli content (9AOAC, I 50) exists (e.g.. Ilymwvi/. el :01969; Mo.sberg. 1009. I970). The )IC can le Imea sured witi the Udy ProteinAnalyzer (Boulder, Colorado, U.S.:\.)and. when saliple.,tile 
 ie too nlnerousfor classic Kjeldhlal analysis, the Teclinicon U." ('arlo Irba (Milan) aialyers canbe elployed illmlicto-Kjeldahl nilrogen deLerminalion (e.g., Varley. I0) ). In1tlhe
laller case, ipro ein conversion f'aclor of4 .25 isrecommended tor coInparilive purposes only. and does not imply tru1e prolcill colitelit, which Imay' besomewhat difterent (Thurmliall and Ioulter. I900: Stltilh, I196).Consideration
should also be givenm to use of such techniques as infrared analysis whenflhe 

suitable immstrumlelltiatoit becomes avail:ble ald its :acenracy prtm''ed (Rosenllha,
1971). Iligh titrogen values per se may not be indicJlive ol'protein of' desira:ble
 
(Iulltily, l SOitIe species 
 tmay cI tItain disprtporlioalte amtmmints of certain ainitoacids. Ultillialely, aibitlogical test for nutritive quality is essential in)ally screen
ing program. 

4.2 	Amino acids 
The deficiemicv or lack of' :availability of the essential amlillo acids 0cmhiolileand cystite are itt prima ry coitcem ilt most legulmes. Aplropriatle analylicalmethods for these have been prtposed. Stilfuir contetll is mtlider study As aInindicator of' these amino acids. Lysille and Iryphtpliall are ntormoally presentaLequate am1ounts. btit ltortities for increasing thomni should not be lte-

in 

glecled. Analytical methods tot' these amillo acids are available. 
4.2.1 Aethjon/ne. This amino acid, together wilh cvsiine. Constitutes tilefirst-limititng almino acid of' legmites (FA(), 1970: Swattilltan, N067). Ilenceboth these acids should be dletermined. if"possible. Specific p~rocedtral recommendations, however, cannot be Itmide becCsthle netlhd 0'ch ice will dependon 	 the facilities :available eachill lahitra ory. The 'ftbt g assayillt metitods are 

suggesled: 
a) loti-exchmatge chrolllogrlaphy.' For limilted miimm1bers of' salples, thismethod isaccurate and reproducible (Spackmtan, al..et 1958: \More aid 
Stein. 1963: Devenyi. I171 ).
b) Gas-liquid chromnatography of 	atlintt acids as N-trilluoroacetyl.n.butyl
ester derivatives. This miethod %visshown to be as Iccuratle as it-exchatge
chromatography, and it to fill] etL .,1908,
1971 Mottershead, 

is cheaper and l-lsler (Gehrke, 
1971 : Basson and hlutchmiair. IN72).


c) Microbial assay. Al'hough less precise, this 
 iethod does have ileadvattage 
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of simplicity and speed, and, in the hands of experienced personnel, can yield 

very useful data (Kelly, et al., 1970). 

d) Automated color assay. Although an automated color assay for methionine 

remains to be established (Gehrke and Ussary,
has been proposed, its validity 
1969: Lssary and Gehrke, 1970). Such a procedure would be extremely 

nselil. and continued efTorts to improve it should be strongly encouraged. 

e) Other chronatographic techniques. Rapid techniques for the neasurement 

of metlhionine by thini-layer chromatography (lEercnc/i, et al., 1971) and 

paper elect rophorcsis are currently tinder investigation, but their applicability 

to the present problem remains to be determine,!. 

of great importance ill
4.2.2 C),stine. The toial S-containing amino acids are 

the diet. so a knowledge of the cystine content of legumes could be very de

sirable. tUnfortunately, rapid, reliable assay methods for cystine are not available. 

cysteic acid it ail automated ainino-,,.iu analyzer
('ystine may be determined as 

more rapid
is available (Spackman. et al.. I058, Ilirs. 	 1967). It is hoped that 

be forthcoming, and efforts in that
techniqmets for the analysis of cystine will 

direction should be strongly encouraged. 
proves to be a useful, direct measure of

4.2.3 	 Total sulffir. If this analysis 
it will be a great convenience (Boulter, et :al., 1073).

netlionine plus cvstine, 
S analysis (Mottershead,Rapid auollated techniques are available for total 

1971: Basson and Bochnair. 1972). Investigations are being carried out 0,mthe 

Sulphur Anayser for legiune foods (Boulter. et l.,
applicability of tile Leco 
1973). 

Otheir amino acids. Because legumes can serve as a valuable source of
4.2.4 

lysitue for supplementing cereal-containing diets, a knowledge of tire lysine con

lent would be nmost valuable. Although not recolmiienided ol a routine basis. 

lysin, analysis should be carried oil t at sonic later stage of tile screening process. 

available colorimetric 	 iethods.This aialvsis call be done by one of several 
ill the nmaterial alalyzedIHowever, their convenience and accuracy may vary 

(While and Gouger, 1967: Villegas and Mertz, I 71 ).Tryptollhan, which may be 

a limiting aimino acid ill some diels, likewise can be assayed by simple colori. 

md I971) tlhat also iced innmetric tecliiiiques (Spies. I96,'. Villegas NIcrtIt/ 


provellent ill accuracy and versatility.
 
4.2.5 	Digestibilit'I. Simple in vilro digestibility techniques :re available (Shef

are correlated witlhfiier. 1Q67) hut cannot be recOtlll ellded until such results 


digcslibility data obtaiined front aniial experillenls.
 

4.3 To.vi' consiIlents 

Although inmerous toxic constituents are found ini raw legumiles (Liener, 

1969). many of them are destroyed by adequate treat treatment, such as might 

in common cooking procedures prior to consumptioll. Itbecomesbe emIlployeL 
are necesimportant, therefore, to establish those processing conditions which 

sary to inactivate or eliminate these toxic constittients" this evaluation should be 

done as a miininuni procedure ori parental breeding material ard at later stages 

lliC advaiiced imaterial. Other toxic constituents ilay be treatof selectiOn Oil 

http:ainino-,,.iu
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stable and hese also should be loked for. Specific recommendations for ,elec.-
Mug purposes are listed below wih appropriate remarks. 

4.3.1 Icat-Iabihl'fitors Ihal Ii ()/ 'Tf(il.r,,ot h si'7(C i,ltll:."
 

',)7'riLpsin inhibitor. (i)
Nornml cooking is co lideied stil'ficiett it,desti ov Ihe 
trypsint inhibitor. (ii)here is a stimg iidictiti that letimi c iiy'psi notI iiia\ 
he physioklgically active iWma. This is based oinccl inlv'itl t'vidterice 
which shows that hlta lypsi. unlike boviiie trypsii. is mly \\.'tkl ii
hibited b. tile soybean irhibitor (Feeiy. el al.. I 1)01): (oai:iand 'I:1\ .:.I Q I I. 
(iii) Retention of trypsini-ilfiilitol ;,liily ille li t,, i t be de, i btetlil e.bh, 

cause itIllVayel\'2 ISa It C lalli?.il :.i\ 2i ill i.tki't Iolli, dlllill!elei neIS jilllill 

slorage (Birk. eti 1..IP63: lipke. el 1.. It-19 Jlld ),Iii : (u_'ii R Ji. 

ther rescaich is neededI to esablih the 
 vtliklit\ of'th,, thei., i I 'I 'IIyp,,ii 
inhibitor in its in tlCli':ted folm may s i,'i is ;I.ood"si.1rc of li-e S-.tclllill
ing allillo acids, as thee ploltills ic knonl t beh 'eiv i iiill .'\,lil, 

a.lliough it is un:v:ilable illthe iraw\ bean (Kak:ldC. 0i i1.. P
 
b)l'ma/htins. Routine exaittintili I emta.liii ;icivit, iniiil
 
r'ecotilelded. i lis beniiitiet.. puop'r
rilionce seletm 0'ljin.e c,.whitiini
 
of food preparatoll ilwcessIrv 1')des.ltnv the fieiiiho.ili lonilold hc e"il
blishcd. The sigiificaC0e of these subsanleso, 
 ill 1I11ihei lnliioll IM, tl!.(I
been establislc(land they ale delfinitly toxic Ioiats tidchicks ( iiil,.ll)ut.
 
so it is recollllieldci heliiisIlnddeethat toliliillie be to blCt, ft.'.lltli 
(partictilairv I'hsls't I.which hiw liihe ,vIlmal~ltnac'us..iiS.tv u 

c )41li'it,, Is" l [H liImd tlut/ 1iudi iiiU/iiiiii 'i1S. in unit ii idal ,elet1l,
 
these co:llloellls should he mtICelliii..l illOhuIilal sefctie iiprCt ujt'ic',bs
 
biological :ssaV. IllSoi. C,, s. h t1A be: ciinilttaCI;ld by tlitIrs
hese can 
suippelementationi aildi'r cii mtki!(I cne. ,ull. 

dl)Goitr'og,,ts. lhcre ale no kil\osl scleiug Ilelhidi, in ci.tei.eiis. I lie
 
goiteiogelic effctCs priiiuced h .ovbeatis :1td pCanutl,, (Vnlll ]lIen. It())
 
Callt Ctt1,Iteracted ellecLiCfv li ditlal\ iodiic "leet itu (e.... iii
 
sail) and/or cookiug.
 

4.3.2 Ilear-stabh'Jd'pwrs 

iamll.The ualloelli e, tittll / o'l 

cry. 190)) doeS not cotllitlle Iic ld. \Jil xepli llof
 

a) Cvtll.( presce' f'cy slyt.',lev lllit rtig.ll
healthIail lie possible 


Phiasohs hmalts. Th i cinitolyll valicties oitflii bean.
most i-'ed edible 

however. are quilte Cyaiide Cillie. Ally ie"wly illtidced vmilte, (o1
low ill 
this leguite shuld be malv\ed flutheir poetniia cv';mide-poiducit ! c,,act.'iiy
helforc heing released Cor Inm mlnllplioll. 

b)lAlkahoids. Althotugh reltively few legumes aic known Iii cinltlill Iixic
 
alkaloids (with the p)ossible 'xception of .t1pillms), their pi esenee should be
 
ascertained illthe developitunll 01 iillrOdIluClioln of arty n1eW, p rid 
illl Vati'
ties of legilles derived from parent material devoid of Iltei ( I .trs. t al.. 
I96h). 
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c)Unidntij'dfactors. See "Feeding tests" below. 

4.3.3 Toxic fi'it)rsof special ilneirest. 

a)Luth.vr, gcms. Rela tively simple lechniques are available for destroying tile 

flellrotoxihls o1fLa h.(//v s and IPdmaniahain , 1969). Ilowever.* il'lus (Saria 

further research ifl the developmnent of' strains or varieties of LaillYrts defi
cictilt ill t licieli-ooxill believed to be responsible for human lathyrism 
(fl-N-lx×yl.acid).dilSholiulrtpititic:lcId) shtotld be encouraged. Further re

search onIfthe calsaive facos olf1"human latiyrism also is needed. During the 

course of such breedtill studies, howcver. it shotld be reiMem1bered that other 
lieliotoxills (e.g., .y.diatiltobtllvric acid and 0-viyoalanine) may be pres
ell[. 

b)Il-a'ismt. The dleveloplment oI lilies of' l7ia .Nha that are free of' tile catiusa

live Ifacltl(s) of, I'avistll should he delayed. plclding positive and .omplete 
idenitificatiot of tile toxic ictors (Migel et alI.. I )9Q). Efforts to i.,ty tile 
causative primicipic(s, 1"'f vislii thcrefore shotuld he continued. Fron such 
,trldies In.,,' a"lso elierge a simple antalytical techlti(tue which can be used for 

tile pulpose of scicrllintg strains of lciaflba). 

4.A Fha 'tcetu' hlo's 
These do survive ordinary cooking and they might he coIsidered by stine 

coisuirirers to he crucial factor1 litnititig ,cceplalce of ilcre'ised proportions of 
c ihfain legeies ill diets (lBerk. I908f Whetn I.lleules are Consumed in Ilrge 
11:1nit ics. espcciall by young childrenl. fl:attlenice mIa' cauise comisideraLble itl

cotllvelietice. This fililits their cotnsltuptioni bill, if tlte legumes are well cooked. 
childrer ctellt them. lhev should be ittroduced ill small :inouts arid gra
dially illcreased as tie child becomttes adapted or :iccuslotlled to the lew prepa
ration (PA(. I73: Narayana Rao, el al.. 1)72). It would he advntageous, 
however, io halvC varieties with lower flatulence activitv. atid research that leads 
to dc'elopiIe;I of siimple :assa, ttmethods for this factor wvould be useful. 

4.5 Feeding ie'5f.5 
The tiue ititlitive vale of aiy legumte call he checked finally otnly by animal 

assay. taking iio account the necessary pijor chenical and biochenlical evallia
tiolts recontttteRIded ill PAG Guideline No. 0. It is recognized, however. that such 

assays cllol he part of a rotine screetning proccdrire. Until low, this type of 
assay has beell thlo r1aiilly with yitg rats. Othe stmall alnilals. however, such 
as ittice altd voles (.;licrolus pi un tih'anicuts), navy prove eqIi ally suitaible for this 
purpose (E:lliott. ]ttl3: Rios Rirartc. el al.. 1972). but before a species other thamn 
rats is selected Fir use \wilh legumes. it should be clealy established by prior 
stanrdadi/atioti tihat reliablC results Will be obtained aid that responses are com
parble. Iceitt ('alldli;it Sludies suggest tlhat the vole assay Iay be too insensi

tive to use aIsa scrccnring mitethod (private communication). Bioassays also have 
ellployd other olgallislts. such as bacteria (Ford. 1962), protoxoa (Bayne, et 
al., 167), insects. el_ ., tor some types of tests, bilt these procedures lay have 

limited usel'tdness ill replhacitlg tests with mamnalian or avian species. Tite mcan
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ing Of these tests is offe-i open to qtestiont. so rtore emphasis must he placedthe determination onof avlilale amilo acids. I lowever, lhev deserve lo be itn'esti.gated further as they mtiglt he developed ;Isscreeting "'itidiCthos.'"
For any leine species l'r whiclh thCre is ,Videttee tlh:i cookin imlpt.,ovesntturitior, al value (ej., hY inacivalil ItoxiC fato cediu.w
l's) tests should be0carried out Will] tn:zeCrial stubjecred to a ScifiC statIIdldi/ed cookill, lttpcTdut.eadapted to ea h speciesor tiewalslli of'leguite. While one convenientl piocet.dutesuitable for lPhaseou.s tuoarns is to aulociave (ill opeit stealtl )itl shtallow (2-cll)layers at 15-lb pressure for 15 iitltes, such cotditiots do tot silitilate acitialcooking procedures in developing COtllllries, where heans ate cooked ill:iliopeti

pot. 
a)l':'/R. The col;iutt'o st procedilre has heeti to tite'tstire lu'tvlhl ,/./i.' r
ratio (gramn weight gait per giramt protein eateit) with its ( NcL:atihlt: ;ItdCampbell. !(70). The lest maieri:a is included ill the diet al a level c i.butillS 10 per cent proleilt to the diet (N x o,.25). :itd is lte ill.\ sotulrt otproleit. This a legumte with :a25 pe cent proteitt coitet is it tded as 4(0per cent of) the diet. The stl:tilard method requires 28 days: we recoitlltlp.10 days as beiig adeqtle fliseteetig, usiiw 6 rats pet retuitetit. t educe 
tilepossible efl'ect of food iutake, it uuil b10advauiu.,ts t use tOe tleprotein ratio assay with :Iiegative ciurol grloup (NA NRC. I1963).
h)Aodiiedi ]:PR. BeCaise (olow uM,.eltioitlie cot eCl, ITR islie :alfw:s very
low ill legutmesisCttI pAr ..It the .st0lt obta0[ilICtl \'it alp0t1eit sotlI Ctwell-balauceL IIiIo-acid cOmnpOsiliot :111d tOtoxiC 1tItIe's. Ifthle uiu.'lio.line contienl of"tlte itualelial is beitledeeruiitied spIMute.lv it It,caIse. Mnidone cal atlord otly ote t~edilltest I'M'l au1y l;litIilumsaithle.l it Itadv be,
preferable to carry out iPLlR det,.rlitiatli Withilad1 tethioutine (or
Itethiouine plus trYlopli,]it inl 

ilh 
cases whete bolth ale limiliui). A high te" hfroti this tvpe of lest cottfirms) h ,/I that 111):llalillothic1 uetllio:acid 11:11nine (or niethionitue plus lyptliphiat) issetioislv, deflcient iltle icil idthat the cooked legume contaitns iothiltu seriously depressesltlt 
 i ratl's
growth or appelite. II"the results mre untsu:llv low. it woild itdicale Cithte', :low level (or destrucltion)( l'olltttheri eSenliald ai acid M the )resen:C 0'oNheat-stable toxic f'actor (Kak:de and Evanls. 

Iit 
I t): Blessati. etal..I40.1).
 

c)D+, estibifjtv. This can 
 be deteriied as IMart O :oPER (r i'Modified PE£R0assay (Mclaighlan anld ('atl+phell. 1Q70). "Theoverall digei ibilitv of lecgumes can be estimated from tite weighlt of fc and fecal dr\ nt:fer. ilid lhedigestibility of lroleit by feed anld 'ec:l Mlysis for N (Mcl.aithtlatt atnd 
Campbell, 1970). 

4.5.1 Nutritimnal i'vlhl/' in cotllcte diets. Aiother indicatioti of' iliemiIitioual value of a food legume cail he (eertilined aIta later s:te itt varital testigwith rats by feeding theti a diet that cotmtains thte lest let;gut, incoti]bina Itiowith other staple food components regthurly available anid ttsed by popiulalionsiI1a given 'Filearea. utttrient COIttllent of' the co pollllitts of' the lest Illaterialshould be utilized itt fornulating the diet, aid aty obviotls or recogniized dfeli. 
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test could be made by feeding the 

diel Mitl and ,vilhll l tlose supple:nentary ntirients suspected to be limited. 
ciencics should he corrected. Variathjois il tile 

P .ei''s ./'r .ro)w'li-ilepressi, ]filcr.v. These additional tests could be 

used I i ,pecial ilnVesligat ions: 

IA 'a -/k ';s'sil lo',ars. The biological lest ror presence olh/il ', 'ro'lh c 

helt .I;Ihle, 'r.'wIII.depresiin 'actors can he conducted by feeding at least i 

50(pWi ceilt level ot aIloclved test malelial (KLkade and Evans, l966; 

IV0es,,i. 0t :1., 'P().).This should iephce an equal weight of a slandard 

llliltllleLol eaeiallnd stich of sugpi of the same piotein COntlent. me diet 
sholuIhl hCWell haIeIl :111adequate ill resI' --.Is. 

A" a ouilhel clensionl of t1is lest, :I test mnaterial beu diel containing tile 1ould 

fed Wilh and wilhol thC SUIlpplleuet of anl allihiolic such ispenicillin ofr 

tCtiaYceliiie ((;oatc her and Nie;iuuis. 1')72). Tis would give a1 indicatiot of 

t1e 1rieselie gi IItlh-dCpieSsiIIg fIctoS tht:1 coilIteracted 1y antibiotic1of are 


,upplel.eolt,.R;at,
;aId chicks ame suilahle animals for this lest. 

pleseltce of' heat-labile, 

i~wl-tldetssi,, l;Ictll': he coudicted wilh iIts, mice, or chicks. In 
hflhcal-Ihi' fil','rl . A hiological lest to :ascel aiin tile 

call 

eel.ct, it isthe smile a, that Iol heal-stable fich/tois (see above). Forty to 50 

II Celliof le test dict shuld he autoclaved ;iud replace that allolt of 

sMii,;l oi ,;iliCh. Use pIi raw lest initleiial. l 1lultlelife :IIie loir0tiIIts with ces 

Onf g''wtli u1sI iestI of thf ciioked and the maw nuleria] cail tIhent be uea-
IlICI. 

(i l 'lli'. [1,lie iew ifrared methods should he tested criticalyy for t1.ir 

:Ipplica'a ilit\ to drai le it s ofi all types. 

(i0 .Sidfr-aonrm ii ilwls ail Iolal S. Intensive study is needed t,)find more 

sensitive plcLedes lhalcan provide mealliigfttl resulls with laige tillI

heis o1fsniiples. 

(iii) Rlauil hiiilogiualle'.lss. Thlie is :ineed for reliahle procedurles that Can1 

use species that wecieuile less Iood Ilai iats. 

(iv) hl rill") di,'csiihili i' tests. In vilo tests of limited value are available 

(ShelTiici 1t7). Ilicie is a ineed [oi studies ou tile correlations of' results 

frloiilhese lests with tlose 'roin ilt vivi tests il colntenut of available essen

tial aiililioacid". 
' 'lrn'. 'l'is 


lhte desilability of iicleasillg the Consuillion of'leguttes by younger age
 
(v) In i'itr ' .N'sli' *r.alh m Th would be o f value, considering 

grou'tps. 

h) Otlherl reson-llch
 

(i) hh'ntilicalir, otf flalence fitaors anid growth-dcprcssing fiactors fbr 

chicks. Ifforts shorid he expanded to identify the components in food 
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legumes tdint CauISe flatiulence i llmall aind cause growth depression and 
diarrhea iin young chicks. 
(ii) Nutrient composition of lc wnes. All opportunities should be used to 
increase our information oil detailed nutrientl content (amino acids, carbho
hydrates, fats, vitamins, minerals, energy) of legumes. Reseaich should he 
encouraged to provide for this type ( Work. 
(iii) Relation of' protc'ase inhiitors antd hmagghtitnins to rcsislanvc of 
legtne seedis to insect lamnage. Reports have indicated that tihe piesence in 
seeds of such proteins as the protease inhibitors reduces their stusceptibility 
to attack by some insects (Birk. el al., 1963: ipke, el al.. 1954: Guen and 
Ryan, 1972). This should be invesligated further to establish the validity ot 
these reports and to determine whether insect- resistant properties night be 
utilized to enhance Stolage properties. 
(iv) Further smtdies of the causatire 'factors for lath vrism and fil,'isn inl 
lnait. -ven Ih ough progress has been imrade. tlie cornmpoutinds so far i , litlied 
may iot be tile only ones respornsible. 

5. Storage, Processing and Consumer Acceptance Properties of Food Legumes 

Iproving tire home preparatioi arid coiiercial processing characteristics
 
ard tile consurimer acceptance of legumes poses : series of problems lor ie 
 plant
 
breeder. These relate primarily to local food patterns and eating habits, which
 
rimay vary not only froni country to cotrIv btll also within olle cotl llry or
 
within regions of a country. Conversely. they night be common for cut ire large
ecological zones. This obviously implies that before any appantly desirable 

change can be introduced, it will be necessary to know in some depth tire local 
food habits and preparation methods of food leguirires. Tie contribution ar1d 
cooperalioll Of lot- food scienltiss, llutriiollists, borne ecm)olnisis aind perhaps
of social scienti: e essential. The irrain onlsiderations to vliiclh tie planl 
breeder carl Ihake ;I cortribution are: uniformity ill ClOp rllaturatiOrl: cooking 
quality and acceptab , y: milling or processing characteristics: susceptibility it) 
insect infCstation :arid storage stability. 

5.1 Cooking 
Tis appears to be tile universal :lld prferlCred way o:r prep:tfing lCgUlies for 

consumption. Most food legumes require 3 to 4 hours of ordirrary boiling to 
cook properly: others are adequately prepared in lralf that tine. The long cook
ing required for most legumes necessitates tire Cxl)ctiditLric ot fuel. whicI is 
frequently scarce, and probably causes significant destltrclioll ol nimodiication of 
nutrients. Therefore. when breeding programs are evolving iirp'oved srairns, 
they shotild include better cooking qlualities arid acceptability. The newlV de
veloped strains also should Illeet tire organioleptic ( tasic .nrd flavor) reluiremniem is 
of tIle population. Parameters to be considered ill acceptance tests carried out 
with local consumers are: t'xture, taste, flavor, arrd color. III such efforts, plant
bleeders should work iii close association with food techinologisis. 
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5.2 Milling qualil.t, 
The milling qualily of f'ood legumes varies widely, due to vtietal and agrn* 

husk and cotyledons
climatic characteristics. The piesence 	of gums between tile 

to which the htisk adiheres to the endosperm. Large.seedcd
determines thie extenlt 

more easily th:n iMtdl- and nedimmn-seededhe tuilledvalieties of legumes can 

types, and requir. less d11istic prenillinlg tra;tllellls. Mlilliimg cIiracteristics :and 
seems to he :a 

aIppea r1) he helter will lose-husked v:irilies. There 
yields :also 

torn ()'flhur or split
leed. in :aeas where the legumres ire 	 c m.,ted in tile 


mnillinp chmacteristics, specifically large.

grlails, t develop strains wilh hetter 

seeds.tiil ' urmim 

53 iseviiiJi,.sfUli)n 
during storage tt lLguillmes ;are tell major

Insect inlestlitim :m1d mold giowtl 
wilh wami'm and himtmlid climates, and 

p)Ifm l , illthose develo)piig c imlitties 
inl'estatiol 

result ilsi.inilic;tmt losses, botlh qmitlailitaliv' and quralitative. Insect 

.vaie fllegme pmoteins and alstore.'duces milling yVIlds.
decreases the mrilive 
Ik lhumldle coiisideied ill 

"Ins. hlediuig Ilesistalice to insect alid llld alt 
, ito ioolhgists : iid plantt paloligists. Control ofl, 

c..,lII:Ilive CtorIt hetweenl 
nllavIbe p ssible by such gelelicaatxil.nllycoit(xili dleveloie.t nchl asi1 

5.4 ('hanges mn siorage 
tn prolonged storage. A t.ng

hl chliauges in Some legumes resuli 

lrefi)signilic:at alteration in co)I.(ii).,reduced digeslibility :imld accepta-
ImdLn.'sirl; 

these 
seed. which reqliues increased cooking tim. 

1ideniuig ofhility. amid iiii) tihe 
- hangesbreed varieties that show r, eninim

Attempts should lbe ade to 


oI'this kind.
 

nuif1riI+i'n Iliilomnilv in lite td inaturatimi isinpmrtatt for 

desirlable property5.5 1.niJorn~il.v onl l 
v,,lalilit, of strains witlh tllislie comumlecial pr'ducer. aind 

medmice considerably tihep ,.'ssiig co'ts. inrease o cessin.g yield, and 

alccepltable to the conIIsuum:.ur. ()Intlteolther hmd, 'oodlliglht 

provide puoiict's unore1 


'ailily imay

pr(dced mndl..misitined byhe suhsislence tarnner and his 


let(mit,' V:nlieies which ViCld edible U di lcts

legume,+"e 


il :Ili extm led pciitl. 

6. Prodtuctionl Problems and Opportunities 

App rches .ecomimnendd for ovelcoing v.mriolls p.u 
tlctioll ]rlt(ilenls are
 

thme he:uimigs of breedi,g objectives, 	 stil(d'
ch~tssilie'd amld ulis,,,ed under 

of 

d pl.ctices. atd plroducliml eci
rrmtt

li0tIamid Inallaelllelt
rocesses.
1u0tl01h 

loillics atid ttii.aom. 

6.1 lrvi lihg e)hjective.s 
fwod legumes is getnerally recognized as a tajor

The low p odtuctivity of most 
atid making them competitive with 

increasing proldctiondetelrtl tw their 
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oher crops. It is therefore proposed that breeding efforts be concentrated in the 
following areas: 

6.1. I Impror'ingIprouctir'it.
 

a)ligher-vield. The first priority 
 in all food.legtrnre improvemeit is to in
crease yielding capacity per se. This nmay best be accomplished throgh chamg
ing tie plant strncunre genetically and thereby increasing Ire harllvosl yield
index (grain yield). optolation improvemmierl and rectiremt seleclion siromild 
be used as lools in attaning such oblectives.
 
b)Stabilit ovichl. It will be essential to build into new, 
 impr.oved stocks tile 
widest possible adp:-:ttioll to prevalent soils and climates :and broid-based 
resistance to pests :aid diseases to achieve a consisleilly high or depelldable 
level of perftornmmce. 

6.1.2 hnln-oitmqpro1uct quali. . HreedielL Oblectiv'es relatiuw, to acceptabilitl.
palatability, elimintion of' toxic principles, and increased nt riliolu va!e haIve 
been discussed previously, :as have chelical and biological testitg inehirods. lt 
this conlext, it canlllol be overemphasi/ed that more rapid n ef'lficient screell
illg Mnethods are nee(led urgemuly. A tolmalil :rmILI increased capacity of' plesell
mnethods, and devehloImIlt (t1 tom(lest Ilietive Sinigle-seed Inalsis to tIcilitale 
early generattion screening also are vital needs. It should also he noted Ihalt ihe 
most eficient screening rmetliods or biochemically rela ted a'ctorIS ',ould incllude 
those ill which remdilv oservable ulrlpholopica ciaracterisltics il'seed or green
plants are closely linked to) or plciOtrol)picaLly controlled by Commolln elC(S) thll 
also alect tie biochetmical cornstituent.t ixiples of such chalrlters are tie 
opaque and floutry elndosperirts, which are characterislic olf high-Ivsinle mai/e;large elbryos and lowered specilic gravilies o' llih-oil seeds: ;ad the dark-
Colored seed coals associlted with Inrills and othel pherlolic cotmnpotuinds in]
both cerealls an1d lcguics. lant11 scietllists should search 6,0 arid apply such uischil 
associated mtorphological chalracles. 

A better tmdestanding of' tie basic processes of the biosynthesis arid iramns
location of plal ald seed storage proteins could lead to more efficient screening 
techniques. Research ill this area shotld be encouraged. 

6.1.3 New brecliu, mth)(olo,I aridMireeders colleagues elatedICir iii 
disciplines should kee l) abreaist of' tie most advmced developmenrts ill breedin 
technology amid improved .fceeuing methods, includinrg: 

a) Ik'n'r nethods 1l'l*(,priltior iml.o 'ement I'm sel f-p'llil lating species, wilh 
emphasis ol genie it:ale sterility or tile Ise of" chemosterilaits to induce 
maxinurm recotnbirltio of' caraclels. rItohrrurtlogists sho0uld paMrliciplt in 
the search for and iililimior of' more elficient pollen vectors. 
b) Irolening,the genclic base. Several rethITds are proposed ird vwomild Ill 
elude: 

(i) As deetned appropriate, Wide crossing at lie i tuaspecific level (diverse
and weedy types). arid with wild relatives aind other species aid gerera ill 
special circuonstuarces. 
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(ii) Induction of mutations by radiation and chemical mutagens, especially 

to improve specific simple characters inadapted, elite materials. 

(iii) Chromosomanl engineering, involving whole chromosome or segment 

transfer, ploidizalion, and other techniques. 

c),hih 'cdgea'ctic tn'miimlatirctechliqes. Thcse should include induction 

of haploidy, redifferenliation processes, tissue culture. protoplast fusion. and 

other nelhods. 

6.1 .4 Asscmbling, mwiutaihing, and evaluating gnelic resoutrces. Assembly, 

collection, mainlenance, and evaluation of a Completle range of the genetic diver
sity in tie major Iood-legumte species is of paramlount inlporlaice. Such a pro
ject is essential to prevent loss of valuable Iraditional genetic llmateials through 
meplaceliciit with imnproved Strains and varieties aid Ihc lCStruclion o Wild 
habitats tl;ougli population pessUc and other factors The collection of genetic 

malcial ill pieviously ieglected areas, such as tropical Africa, shoutld he ac
corlded tlie highest pliority. 

Legilile imllprovelenl prograns tllat :lie assigned ime' tesponirilily Io parti
cular ecological /oncs should collect. assemible. and nlaimitain all av:ilable. 

gemeically-divel se food leglmlles grown in Ihlat /olie. Ilowever. ihie, wottld not 

leCCs.,rii1, ' valuatec lldevelop the collections of lllillul or secondarv species, 
which should be mnai ned ill holding nurseries or iplacel ill a1pprop01riatC stora.gC 
against possible future neeld. InI 'major'" species. tie folhlowi programs should 
be supported: 

a) Assemble available genetic stocks fron ongoing breeding programs. 

b) ilndertake ile systematic collection of tlose species ill important and 
growing legions and cel tcs of gentic diversity. 

c) [imninate duplicates and evallate for importml agromfimic. botanical. and 
biochemical characteristics over a hroad ranc of efvilollellts. 

d1)Develop g~lentic pools and populations for specific objectives and uses. 
inclindig yield, adaptation to spcific soils and envilonntnls, increasCd pro>
teill colileil, imploved it tritional pioperties. resisamice to insects and dis
eases, etc. 

Develop :a uimifoiin systcl for recording :ind retlrievimg infomnaiion on 
gelletic resources. 

6.2 Sludr of'growith proceses 
SuppOrlivC inIvestigatiOnIs oil growth and Levchpiinlt processes ill fOod le. 

gullies are recoiiienlded as all essential adjunct to the overall rtocess of fill

provemm which plant physiologists. agronolmists. biociCnists. mnd breeders 

share ini Ile search for inure basic imderstanding ot growth processes ill relation 
to elvironmntal iinLicC. An important aspect of these investigations would 
be the systematic search for nmore efficient gemotypes imlerms of plant alchilec

turt. response to stress, and inherent pholosynthlic and respiralional efli
ciencies. Among the many kinds of investigation neelded are those oil a) carbo
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hydrate aicunuitatio ; b) nonphotorespir:iiion; ) response to daylengili. itisol;.
tion and temperatiures: d) tmiioriing respiraiioal pallhways: 0) inteliediale 
pallhways ill protelin syntlhesis and 1rattslocalio; I toislire and plait develop
illent relationships: g) hormton,,l fa"Iclors influencing vegetlalivellrepodliiv, 
cycles and I'uil abotlionr:I) rlwobiial nilrog.llixingi roccs. ird other clors. 

6.3 Produclion and ma14n'emewl pra ices 
IIllprovem11tils in cultural piactices ait] 11 ameaagemtrent esserli Io sriSslaill 

progress in legume improvetenirl. Specifically. invesligalions il ihis field shnilld 
include: 

6.3.1 Cultural practices. These emib-ace stules oil lillage practices. plainting 
nmethodts, population dlVatilics. iltercult ivat iot, cropping systets. :nd other 
lactors utder dil'ereunt environments and for ditlerntti geirotyles. 

6.3.2 I'rtiliit'asl'c.is. Realiting Ihal the (;teel Revolution il eeals is fe
lated prinitarily to tie responsiveness of higli c'ldintrfg valilie, to iliproved soil 
ferlility, and especitlly Iigih levels of tlilltlgellfcrlilily. it sllould he sltessedt thlil 
leguntcs derive tlhtir iitrogetn langCly I ot svnlliolic IaClri;l r TeS. Special
 
atteitioll must ltllef'Ole be i\ell to 
IeSotisCS to bacLeiall itltCirIrS: ditelill 
major andlltlltor paillnti nilliels: dilf'rttett soils rird scasots llt:t llenle ic 
fors; metlods o l'placetncti w antd genolv)es. 

6.3.3 (otrol oJ lests aid discasCs. lsecls. diseases. and otr Pests ate 
t'requently major conslrainS to1 rOdttctivIt. IEfeclive attd ecorlltoitial cOil s 
utilizing ctlttiral plrctices. hilogic:l agetis. :tild cliricals hlrritld he developed 
trOrdilTerent ettvirotietIts. Se Isoiis, genotVpes, und olhtei condilitns. 

6.3.4 Ihar'estil,. pro'essi,'. and .1/ir,'eg. lfilcient netlhods of harvesting t d 
prmessing are requited 'or developitig regions. Inrexpenrsive dvring atd slotlage
will be essential ilI maintaining seed viahililv attdltoodl-use U:lily. atid slahi
lizing the availahilily ot Iood stpplies tlirotlghoul Ihe veal. 

6.4 Produclioneconotnicsand utilikalion 
Successftil expatsiotn 01' 'OOtl-leglifile plroduclion will depend iltimately on 

incentives for producers, marketing economics, and producl demntltd id ittliliza
tiont f'actrlls. These may be Ctolll)tn111s 01' specific nitionial piic;Ls ilaing to 
I'ood productiont aid rillilin objectives. ildiltec belefits iay itlude eftCIs 
Onf soil fertilily and tilth. crop rolationt advalliages, CtIlllol of weeds, atnd avila
bility aind iSerf" byp)rodilCtS tot1 alifilal [ood IrditlClioll. IctiOiiric Stlties 
should be carried oit ont ciltural practices., incittdintg uili/alion o(u felili/ers, 
pesticides, and otlher dhirec iptils, relative to returtis obtainred I'tnrt dil'fetirt 
legUille genotypes grovlt ill difTerent etuvirioluirtts :aitd Icales or coUiies. 
Reassesstenrts will Iteed to he itade I'fr lelW varietlies as tIltese at developed. 

The itllroduclion of' tIew%, crops (e.g.. soybeans ill tiopicatl Attca) :ild leW 
types of falniliar species will sutceed oily if these fitiilo local consumitllion 
pai and food pretererces. The.lns excel)tion wotld be Ilose grown specilically 
tot industrial purposes oi exporl. Thius, it is ctonsidered tmoirst itportant, it il) 
essential, to determine local consuitmer acceptability for these ntew Iod crops 

http:asl'c.is
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analyzing these findings, a basic understanding of sociological
and varieties. In 

factors could bc highly important. 

7. Possible Means to Achieve a Breakthrough in Food-Legume Improvement 

The PAC; recognizes tileextraordinary success otf the Green Revolution in 

of those features appropri
cereal inrprovCellt and recoinll1L'nds the emulation 

ale to It is sugested that the most efficientimnprovemnent of the food legumes. 

achieving, similar resuils would be a series of international technical
vehicle I'r 

cooperating with international regional
netiworks (national research programs 

to collabo
institutions and other international and national agencies) designed 

One or moreserve all concerned national programs.rate wilh, strengthen, and 
for different ecological zones should be designated. There knowl

major centers 
could he pooled to catalyze research and training activities.

edge and resources 
experiments, distributing genetic stocks.disseminatingOrganizing trials and 

illf'otation, holding regular meetings and workshops. training young scientists. 

strategy as well as on nutrition are
and consultilng oii problems and futtre 

essenlial leattires of fIood-legum imlProvement programs in developing regions. 
onWorkshops (e.g., ol regiolial crops) iould be organized a yearly basis, larger 

and symposia nay not be necessary inore frequently than once
conferences 

ihree to five years. The trailling of' youtlg scientists arid produictio special
everV 
isis is 'tindamelital to the multiplication of efforts and the wider dissemination 

and adopt ion of specific research advances. 

8. Recommendations on International Cooperation and Support 

a continuing and reinforced programThe PAG emphaisizes the in portance of 

research and training and calls for international action involving
of food-legutne 
Cooperation among interesled international and natiollal agellCies ind programs. 

international and natiotnal p1rograms in
institutions in developed countries, and 

developing countries. It is further recommended that such programs be accorded 

for support fromilhe Consultative Group on International Agricul
high priority 

tiral Research and other interested research-fund donor agencies.
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TABLE I 
Regional and World Production of Food Legumes* 

(Figures = 1000 metric tons) 

Dry 
beans 

(Phascoluv 
rukgaris) 

Dry' 

broad 
beans 
( hicia 
laha) 

Dry 
peas 

(Pistll 
satinit r) 

Chick 
peas 

('icr 
arihtinuin) 

Pigeon 
peas 

(Cajantus 
ca/all) 

Cow 
peas 

(J(VZa 
Sp.) 

Soybeans 
(Glycile 

Illax) 

Groundnuts 
in 

shel; 
(Arachis 

hr poga c) 

West urope 1970 
1971 
1972 

647 
613 
609 

890 
826 
809 

272 
263 
262 

168 
140 
130 

-
-
-

6 
6 
6 

-
-
-

19 
21 
21 

Last 1urope 
and USSR 

1970 
1971 
1972 

283 
320 
321 

23 
23 
25 

5319 
5069 
5405 

l 
2 
2 

_ 
-
-

-
-
-

707 
721 
810 

3 
3 
3 

North America 1970 
1971 
1972 

836 
814 
896 

-
-
-

223 
277 
154 

-
-
-

-
-
-

18 
20 
20 

30957 
32285 
35054 

1351 
1363 
1492 

Latin America 1970 
1971 
1972 

3830 
3725 
3851 

164 
168 
167 

107 
106 
107 

180 
183 
186 

33 
33 
34 

-
-
-

1966 
2468 
4038 

1382 
1541 
1451 

Near Fast 1970 
1971 
1972 

182 
192 
186 

360 
343 
347 

7 
9 
11,( 

187 
217 
235 

-
-
-

13 
10 
10 

19 
19 
20 

461 
519 
508 

I:arFast 
incl. 
People's
Rep. of 
China) 

1970 
19. I 
1972 

4435 
3958 
39(18 

3311 
3411 
3510 

4091 
4180 
4331 

6173 
5787 
6530 

1871 
1871 
1548 

27 
27 
27 

12804 
12895 
12740 

11414 
10021 
8495 

(continucd) 



Africa 1970 1320 373 381 358 64 1096 18 39501971 1235 372 386 311 
 71 1078 14 4965
1972 1237 428 392 332 66 
 1081 25 4534
Oceania 1970 1 - 73  - 1 3 43
1971 4  70  2
1972 9 33
2 - 70 -  2 25 23 
World 1970 1 i534 5121 10473 7067 1968 1161 46474 176231971 10851 5143 10360 6'40 1975 1143 48410 184661972 11010 5286 10731 7415 
 1648 1146 
 52712 16532
 
*Provided by courtesy of Food Policy and Nutrition Division. FAO 



Country 

.l frica 

..\lerrltSn.)la 

Burundi 
'C 

Ccntral Afri a i ,p. 
(ld 
(',m.w diraz.) 

I. ", 
I :uiopia 
(:umn 
( ll:jn 

Guinea 
IvCry (oast
Kenya 

Lih, j 
MN.1Lwacar 
M,1lawi 
MaN1i 
Mauritania 
M.uritius 
Morocco 

Ni:cr 

TABLE il 

Availabilit.%of S'Iected Food Leuines* 
(Gram, per caput per day) 

C'u !)r% I4,.,d l)r. I'i.,' ',Click 
peas plea bCans p.vumsPeas peas .awi. 

2.o 	 .6 (1.7
2I: II 

11)5.8 	 ,.1 
Ill) 

16.C" 
0.6 ()., 8.6 0.1 

5.4 8.7 11.1 
-0.8 


-


16.7 

-

2.6 -- 

-- -ibria 

2.9 -- 1.7 1.0 

8.1 7.7 1.8 
4.2 4.2 - . 3.5 
5.5 

23.7 
-- 0.7 
3.3 	 -- 1.9 5.1 2.6 


.. -7arnbirIUC 

- - -1 - 

Ni::c iI- -(continl~ .i.. 0.2 
-

Grould-
nuts 

-3. 

N).3 
27.0 
26.,. 
17 , 
15.4 
3 
0.7 

13.9 
6.4 

10I.1 
15.7 
0.8 
5.1 

8.8 
4.5 

12.5 
15.3 

.9.
2.8 
0.2 

I0.9 
6.5 

.n
specified 

.3 

10.9 
7.1 

53.3 
3.0 
6.2 
8.2 

1I15 

7.8 
2.7 

17.2 
8.0 

64.9 

1.8 
4.1 
0.7 
6.7 

-4.5 
1.3 

19.7 
39.() 
28.4 

Total 

10.9 
23.9 

136.5 
50.2 
34.0 
80.1 
20.S 
38.2 
22.6 
54.3 

0.S 
21.7 

9.1 
27.3 
26.3 
65.7 

5.1 
16.2 
26.2 
25.1 
27.5 
24.6 
28.0 
14.4 
19.7 
49.9 
35.1 d 



Country 

Rhodesia (S.) 
Rwanda 
Senecat 
Sierra Leone 
Soma:;i 
Southern Africa 
Sudan 
Tanzania 

Tuniia 
!r"anda 
Upper Volta 
Zaire 
7...irnbia 

Chick 
peas 

20.1 
4.7 
0.7 

Cow 
peas 

1.3 
-

-

-
7.0 

Dry 
beans 

7.1 
1(1.3 

-

2.0 

0.6 
33.7 

13.1 

Broad 
beans 

23.9 

1.8 
-
-oco 

6.6 

Dry 
peas 

33.8 

1.2 

-

-
1.8 

Pigeon 
peas 

5.0 

-

Soy-
beans 

-

0.5 

0.2 

0.4 

Ground-
nuts 

20.0 
7.0 

21.7 
16.2 
2.2 
2.3 
1. 
1.1 

11.7 

25.8 
19.8 
16.9 
20.7 

Un
specified 

4.1 

0.8 

12.1 
11.5 
11.3 
32.6 
14.5 
0.8 

55.3 
I.t 

45.5 

Total 

31.2 
142.1 
33.8 
41.3 
14.3 
13.8 
16.0 
34.2 
46.3 
12.7 
74.2 
75.1 
31.5 
66.2 

AV"RAGL* 1.8 0.6 5.2 2.2 1.6 0.2 01 7.0 15.5 34.3 

.Asiaand Near East 
Af.hanistan 
Burnlai 
Camhodia 
(cvIon 
China (Taiwan) 
Ir Jia 
Injonesia 
Iran 
Iraq 
Israel 
Japan 
Jordan 
Kor,:a (S.) 
Korea (N.) 
Laos 
Lebanon 

Malaysia 
Nepal 

2.9 

2.9 

20.4 

-

6.1 

0 .4 

0.5 

-

-

6.1 
7.6 

7.6 
8.1 

3.0 

5.7 
1.5 
-

---

. 

-

4.7 
-

--

--
" 

-

o).7 

5.9 
--

3.8 
-

-
7.7 

-
.-

-
0.1 

-

-

-

1.6 
-

8.2 
-
-0 
_ 

--

--

-
• 

0.6 
-

58.5 

7.6 

-
-

76.5 

13.7 

-

5.5 
. 

-

5.0 
3.9 
1.0 
8.3 
1.6 

11.6 

6.3 
-

0.4 

0.7 
1-2.6 

1.0 

8.0 

11.1 
-

9.3 
11.6 

1 

9.6 
14.3 
11.6 
0.4 

39.2 
10.8 
20.7 

8.9 
11.6 

8.0 

16.7 
12.1 

21.4 
74.4 
50.4 
29.8 
10.0 
15.4 
15.9 
90.8 
23.4 
16.1 
39.2 
1 1.5 
23.3 

15.4 
11.6 

(continuietd 



-.3 

Philippine% 
Saudi Arabia 
Syria
Thailand 

1.2 

_ _ 

0.6 
1.2 
-

3.0 
5.2 
0.9 

-

-

-
-. 

.-
-

1.5 

.5 

1.I 

1.6 
3.9 

2. 
2 

]2.1 
6.6 

4.8 

18.9 
12.9 

Turkey 
Vietnam (N.) 
Vietnam (S.) 
Yemen Arab Rep. 
Yemen People's Rep. 

5.5 
-
-

-
--

10.7 
2.1 
-. 

2.6 0.4 - -

1.2 
t1.S 

1.6 
1.4 
1.5 

. 

7.2 
4.2 
4.2 

211.4 
111.5 

2S.0 
8.9 
8.9 

20.4 
108 

AVERAGE 10.0 4.7 1 2. 4.0 9.5 2.5 9.3 42.0 

Europe 
25.o 25.0 

Albania 
Austria 
Belgium-Luxembourg 
BL.E.aria 
Cyprus 
Czechoslcva:ia-
Denmark 
Finland 
France 

(W.) 
Ger many F.) 

-

-
-
-

.. 
-

-

-

-

-

-3.6 

-
-

-
-ernlmv 

-

4 

-

2.4 
-.2 

17.0 
30.9 

3.9 
1.1 
3.1 
8.6 

3.9 
30.1 

2.8 
7.2 

17.0 
30.9 

3.9 
1.1 
3.1 
8.6 
3.6 
3.9 

30.1 
reece 

llunary 
Iceland 
Ir.landIrla-

- _...-
-
-

-

- -

2 .3 
4.3 
7.0 

16.2 

23.8 
4.3 
7.0 

16.2 

Malta -_-.. 87.7 
5.7 

87.7 
5.7 

Netherlands 
Norway
Pora 
Poland 

-

-. 
.. 

5.1 
9.0 

5.1 
9.0 

(continued/ 



Country 

Port ugal-_Romania
an-" 

Spain 
Sweden 
Sitzerland 
United Kingdom 

AVERAGE 

Chick 
peas 

-

--
-
-

-

-

Cow 
pcas 

Dry
beans 

. 

Broad 
beans 

-

-
. 

Dry 
peas 

. 

Pigeon 
peas 

-

-

. 

Soy-
beans 

-

. 

Ground-
nuts 

-
-

1.8 
1.2 
-

-

Un
specified 

19.4 
23.2 
20.2 
3.9 
2.7 
8.8 

24.6 

11.3 

Total 

19.4 
23.2 
20.2 
3.9 
4.5 

10.0 
24.6 

11.3 

Latin America 
Argentina 
Bolivia 
Brazil 
Chile 
Colombia 
Costa Rica 
Cuba 
Dominican Rep. 
Ecuador 
El Salvador 
Guatemala 
Guyana 
Haiti 
Honduras 
Jamaica 
Mexico 
Nicaragua 
Panama 
Paraguav 
Peru 
Puerto Rico 
Trinidad and Tobago 
Uruguay 
Vene.,ucla 

AVERAGE 

0.6 

0.9 

-
-
-
-
-
-
_ 
-
-
-

6.8 
-

-

-
-

-

0.6 

1.3 

-
-
-
-
-
-
-
-
-
-

-
-

-
-
-
-
-

-
-

-

2.0 
0.6 
1.7 

13.2 
5.3 

29.6 
7.9 

26.5 
13.1 
28.1 
28.6 

-
24.3 
35.4 

48.9 
59.3 
16.5 
25.6 
10.8 

-

3.0 
17.3 

15.0 

--
4.4 
-
--

-
-
-

9.9 
-
. 

-
-

2.2 
-
-

4.0 
6.1 
-
-

1.0 
-

1.0 

2.4 
0.6 
0.2 
1.9 
3.3 
-
-
-

8.5 
-
. 
-

0.3 

2.6 
2.7 
6.3 

-

3.0 
4.3 

1.4 

-

-

-
14.9 

-

. 
-
1.9 

-
-

-

1.6 

0.3 

--
-

3.2 
-

-
-
-
-

. 
-

-

-
0.8 
-
-
-
-

-

-

-

1.2 

5.7 
12.8 

-
0.2 

-
5.7 

1.6 
0.3 
0.3 
-

1.7 
-
-

2.8 
-

0.2 
8.1 
0.8 

-
3.2 
-

0.7 
5.4 

0.8 
-

0. 1 
0.3 
3.3 
-

22.2 
--

3.1 

14.9 
21.2 

-
7.6 
0.3 
-

3.7 
-

2.9 
35.4 
28.1 

-
0.5 
2.3 

5.8 
11.3 
18.0 
16.3 
12.1 
29.6 
35.8 
41.4 
36.2 
28.4 
28.9 
14.9 
49.1 
35.4 

7.6 
64.1 
59.3 
23.0 
40.4 
27.4 
35.4 
31.3 

7.0 
25.0 
27.9j 

(contmnued) 



North America 
Canada 
United States -

-

-

4.2 
8.5 

-

-

1.8 
0.6 

-

-

-

-

4.2 
6.8 

-

0.2 
10.2 
16.1 

AVERAGE - - 8.1 0.7 - - 6.5 0.2 15.5 

Ocean, 

Australia 
New Zealand 

.-

. ..-
- . 2.9 

-

4.8 
3.9 

7.7 
3.9 

AVERAGE** .. -. .- 2.3 4.6 6.9 

China (Mainland) - 3.9 8.4 6.7 - 18.4 1.5 - 38.9 

USSR - - - - - 12.3 12.3 

*Provided courtesy of the Food Policy and Nutrition Division, FAO. 
**Weighted regional averages. 

Source: Food Balance Sheets 1964-1966, FAO. Rome, 1971. 
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TABLE Ill
Demand Projections for Beans, Peas, Lenils, Chick Peas
 

and Similar l)ry Legumismur, Crops*
 

(Thousands ol ionls)
 

Country 
 1965 1970 1975T 198(0T 197511 198011 

Africa 

Algeri 47 57 68 82 71 86Anyola 38 42 46 52 47 53
Iurundi 153 171 191 214 192 218 
Cameroon 40 46 53 63 54 64
Central African Republic 3 4 4 5 4 5
Chad 64 68 74 82 76 85
Conlto (Ilrazzaville) I I I I I I
I)ahonlev 16 18 21 25 21 25
Eypt, Arab Republic of1' 205 225 269 317 270 325
Ethiopia 444 497 572 660 597 711

Gaboln 0 0I 0 0 I 0 
Gambia I I I I I I 
Ghana 42 47 55 65 55 65
(;uiniea 22 23 26 30 27 33
Ivory Coast 16 21 24 30 25 32
Kenya 222 270 329 4(13 336 421
Libya 4 7 !0 12 II 14
Madagascar 48 55 62 71 62 72
Malawi 18 22 26 31 26 32
\ali 22 25 28 25 2920 
Mauritania 9 II 12 14 12 i5
Ma urit ius 7 8 9 101 9 10

Morocco 
 7(0 83 97 114 97 116

Mozanbique 
 5(1 58 68 79 69 81
 
Niier 
 50 58 67 79 69 81
Nigeria 616 6610 8(16 973 8(18 1016 
Rhodesia (S.) 19 23 27 32 27 33 
*P'roviled courtesy ol' lhc Food Policy and Nutrition )ivision, FAO. 
A'ote: For Ii.h-in co nic coloii tries, ot' gcrowlth raiL iii Gross )omcstic It r dut.I (GI)Iand the associated Private ('otiminption F pelndit tire (P('') was tisctl t) niake deillanIprojectionis atlcsiatli prices. For tlevclo!ping countries, itwo alleratwere lo,(, i'rowth rat'sapplied Io denand. The first. lhie "Trend" ('I ) aIternative, re pre sn the FAOSecretariat intcrprctalion of rpresentative past irenIds. Tlie other is a "Iligh" (11)alternative based on tarects cslablished by the UN and its Re-sioiil ('otnlissions for
the Second UN l)evelopncnt I)ccade. 

(conlinued}
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Country 1965 1970 19751" 1980T 197511 198011 

Rwanda 153 183 214 252 215 258 

Scncp'al 
Sicrra [eoric 
&nIlalia 

is 
22 
II 

16 
24 
13 

18 
27 
15 

20 
30 
17 

18 
27 
15 

20 
30 
19 

Soiilieli Africla 85 99 115 134 115 134 

Sudan 74 86 102 124 102 128 

'Ian iana 139 169 201 237 203 251 

,Tho 
Tunisia 

21 
21 

24 
23 

28 
27 

33 
31 

29 
28 

34 
34 

ULanldl 133 154 182 215 183 227 

Upper Volta 
Zaire 

95 
81 

104 
92 

118 
08 

134 
128 

118 
112 

136 
134 

z;Iliai 62 78 95 116 I0( 128 

TOTA l. 3131 3462 4192 4944 4235 5155 

A.da C Near East 

AfIa nislan 46 53 61 71 63 77 

lirma 105 118 135 154 136 160 

(Ceylo 83 102 120 143 121 146 

(hina 
India 

(Taiwan) 36 
8492 

44 
9957 

55 
11638 

67 
137105 

55 
11926 

69 
14384 

Intl)cia 446 512 587 681 594 698 

Irar 91 I1 149 189 149 189 

Iraq 
Isracl 

46 
9 

57 
1() 

70 
I1 

87 
13 

70 
11 

91 
13 

Japall 
Jordan 

449 
16 

475 
20) 

50)5 
24 

533 
28 

5015 
24 

533 
30 

Korca iS.) 20) 26 33 40 33 40 

Korca (N.) 
Laos 

173 
1 1 

2043 
12 

237 
14 

271, 
16 

240 
14 

284 
16 

I.Clianon 17 21 25 2t) 25 31 

Mallysia 28 33 38 45 39 46 

Nepal 43 47 52 58 52 6)) 

I'uliPpincs 36 43 52 03 53 65 

Sautdi Arabia II Is 18 22 2o4 25 

Syri 33 4o 48 58 48 58 

'Ihailand 84 102 i24 149 127 156 

Turkey 297 368 445 535 4f1) 545 

Viettmn IN.) 42 48 57 17 60 74 

Vtlnainl IS.) 39 44 51 59 51 64) 

Yemen Arab Republic 37 42 47 54 49 58 

YemenlPeople's Republic 4 4 5 5 5 6 

TOTA I. 10693 12113 14601 17147 14920 17914 

(conhtiniued) 
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Country 1965 1970 1975T 1980T 197511 198011 

Europe 
Albania 
Austria 

17 
6 

21 
6 

25 
7 

29 
7 

25 
7 

2) 
7 

BeIgiul-l.i16nboitrg 26 27 27 28 27 28 
Bulgaria 51 53 55 57 55 57 
Cyprus 7 7 8 8 8 8 
('zcchslova k ia 20 22 23 2-4 23 24 
Denmark 2 2 2 2 2 2 
Finland 5 5 5 5 5 5 
France 
Germany (F.) 

154 
24 

156 
26 

159 
28 

602 
30 

159 
28 

162 
30 

Germany, Fede.ral Rep. 77 77 76 75 76 75 
Greece 93 98 111 104 111 114 
Hungary 88 101 113 125 113 125 
Iceland 
Ireland 

0 
7 II 

0 
12 13 

0(I 
12 

0 
13 

Italy 309 313 318 323 318 323 
Malta I0() I10 9 9 9 
Netherlands 26 28 29 31 29 31 
Norway 7 7 8 8 8 8 
Poland 104 117 130 1460 130 146 
Portugal 
Romania 

5,4 
161 

59 
173 

64 
187 

7(1 
201 

04 
187 

70 
2111 

Spain 235 211 284 311 284 311 
Sweden II 8 8 9 8 9 
Switzerland 6 6 7 7 7 7 
United Kin,.!dul 178 186 190 20S 190 218 
Yugoslavia 175 185 195 2(5 195 215 

TOTAl 1853 2964 2176 2197 2070 2197 

Latin America 
Argentini 49 54 58 63 58 63 

l1ivia, 9 II 13 16 13 10 
Blrazil 1993 23119 2664 3074 2004 3074 
Chile 52 61 70 80( 711 82 
Colombia 79 97 118 143 119 1.17 
('osta Rica 16 24 31) 37 30 38 
Cuba 84 92 102 113 114 118 
Dominican Republic 
Ecuador 

55 
66 

68 
81 

83 
99 

10(1 
121o 

83 
99 

1112 
124 

II Salvador 30 27 27 49 37 5I 
GuatCmala 48 54 71 92 72 96 
(;uyata 
Haiti 

4 
76 

4 
84 

5 
95 

6 
118 

5 
96 

6 
114 

Honduras 28 38 48 59 48 61 

(conttiniwdi 



39(0
 

(ouInI y 1965 I1970 1975] 198)' 1975i 198011 

ilimjiidi 5 0 I. 7 0 7 

913 1,1') I2119 1393 I23 1378 

N iU., 

l'allaln 
[1 , iIIm 

38 

1(1 
24 

4) 

13 
24) 

58 

I16 
34 

711 

210 
411 

50 

16 
34 

71 

20) 
41 

Ikrlu 
Iivito Rio) 
1ifiiitlid mid Iu.w' 

114 
34 
10 

1 ( 
38 
II 

161 
414 
12 

2(11 
49 
111 

162 
44 
12 

203 
51) 
14 

(If11'ta 7 
85 

7 
Io'1 

8 
125 

t) 
5 I 

8 
120 

9 
156 

IAl 3729 4431) 515 0 001- 5172 6141
'I() 


North/ Imcriatl
 
41 43 4.1 4s 44 45( "lith 

(15 64.1 605 64) 665t,,iIt'd S00Iet64 

684 71110(IAI 7115 658 084 711 

()cenia 

31 26 31)A iii 20 23 26 
I 5 5 5 5Nt'\ /t'dliI ,4 4 

31 35
lI)I. 24 27 31 35 


53107 595 (.72t) 7586 6,s22 7793
'hina I0l,.11,1 )I,1 

1131 1I1I, 12111 129)5 12)1(1 1295IISSR 


\\(RI II)11AI 26472 2'173 3161) '11012835 1411 41141 

l. A Lm. 1971I.S, firc' 4 1 Ict I~ a ".~, tt Irq 




INDEX 

(ltalicized hlllum'ral, iltlic.,t, lblc Or .l, clt) 

A 
Africa, tropical

legumne inprovement in. 83-92, 

88-92 


lcgunie potential in, 170

legunie production in, 83-84 

minor legume species in, 88 

population of, 83-84 

pulse species in, 84-88 


Agency for International Develop-
nllellt,All) ivI 

seed collection programs, 139

albumin 

in peas, 228, 230 

amino-acid balance 


breeding for, 137-138 

am ino-acid profiles, 57-58 


vs. biological '1nality, 56

in cow peas, 206-213 

in legumes, 56 

protein and, I 79-236 


amino acids 

availability in legumes, 355-366 

in barley, 198-201,19l)

biosynthesis of, 67 

corn-bean diets with, 24 

ill cow peas, 15 1-156, 153-,154
in dry beans, 191, 198-201, 19')

in Indian legumes, 28f9 

iOll-exclia ge chroinatography 
 tor,

319 

in legulnes, 19-3 1, 181-182 

in pigeon peas, 193-196, /9.5 

range of in legume grains, 20

supplenlentation by, 19-28, 21, 24,


28-29, 31-34, 291 

toxic, 250-252 

in l, ardan crops, 127


antinuLtritional factors 

in leguics, 239-260 


antitryptic factors 

in legumes, 239-260 


antivita:nins, 248, 250 

.4rachishYpogaca, set groundnuts 

13
 
barley

amino-acid bahlnce in, 1982()1, /99
breeding for protein in, 197-214,
 

200
 
crude protein in, 194-204
 
lysine in, 201-203
 

he:ill extracts
 
toxicity in, -*
 

bea n-seed proteil
 
Characteriailtion of, 325-332, 327,
A?30 

heau seeds 
sulfur source in, 32o, .327
 

bealls, .CC a(iO tlry )e;ill.

breeding of'. 326-328, ;3M

clieljiCal i posit o , 17
 
evou tion of inI (Iill r ft i1 ria
 

I08 
flatuienee factors in, >.1, -73-271),
"2727-' il 27
 

heating of, 25'-2'1)(
inethio-inc levels in, t59-161 

nilrgen uliti/atiI Iw, 185-187,

I,'6-17'
 

Inuritional valle of, / 9, -13-48, 202
 
prolin lan. 55-1, I85-1 92
 

beans, bush
 
crOses of in IJganda, I109.1 I.
 

Ii-1 12
 
bels, co(okL.,I
 

et'fect 'f 1
 
tel nlOtge 'roi .,5-.,

nitrogen Vale of, 43-48 
 44
 

beans, raw
 
nutrilional vllue of, 43-48, 44
 

biochieniical research
 
on luiiies..360-361
 

biosynthesis
 
of storage proteins, 221
 

bowel
 
gas ill, 266-267
 

breath hydrogen
 
after bean illgstion, 275
 

breeding, legune
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collections for, 169-170 

objectives in, 362-364 

postharvest infection and, 285 


broad bearts 

nutritive qutiality of, 202 

protein isolation in, 309 


C 

wIl' m. we p igee' peas(1jdIlm 
Campbell Inslitute for Agricultural 

Research, iv
atesarch
carbollydrates 


bean, assays for, 322-324
carboidein LI O 
cirbon dioxidle 


flatus and. 263 

casseva-ias vs, 22-26, 26 


ent Amgrainsa s., 2protein

C'ent ralA m ica 

bean dlomestication inl, 107

Iean i'violtion in,108 

legunte-grailncOn'inptioll in, 33 

iinaice-tri,ln intake i 32 ,, 


(entl Inernoiciona i ,.\gricultur 

Tropical. xeCr',iA( 


('ntrop cal tie lnseIana
T 

Invest ig.cion (('1.1), 90 

cerea I-based klIiets 


legumesnd 

cereal grains 


screening protein in, 335-340 
cc ra II eo lii'ii'crudece.. g u n l ed ie tsca l-l 

- 32djeiikolalliino-acid lipplenlentat~. ion of'. 29 

prtein i. .32 


chick-pea flour 
blends of, 2)3 

chick peas 

in Africa, 88
 
niutritive quality of', 202 

piarte
hct, 292, 293 


CFTI I 

lllegunic conslll lion studies, 291 


CI AT 

in ('olomhia, 164-165 


(Cc'ralri'tiuIItt, See chick peas 

C'IM'NIV1, iv, 16 6 


wheat programi, of. 10 1-I1 

('lostridium 

gas product ion by, 37, 27 1-272, 

272, 3(7-308 


grwt\vth stiliuulation of, 27 1,272-273 

('onsultalive Group on International 


Agricultural Research, I03-166 


consumer acceptance
 
of legume foods, 299-304, 305
 

cow-pea globulin
 
amino-acids in, 207, 207,208
 

cow-pea meal
 
screening, for protein, 208-2 10
 

Cow peas
 

in Africa, 85-86, 91
 

amino acids ill151-155, 153-15-1, 

205-2 15, 207
 

improvemeint of, 155-1-56
124-127, 126
Makercie progra o ill,

Iethionine inl, 155
 

inetliin, 55
Nigeria, 151-158
 
nitrogen in, 209, 212
 
nutrilional quality of, 207-208
 
per cent digestibility, 208
 

in, 151-156, 153-155. 157,
2[5-21521-1
 
screening niethods for, 208-214,
 

209-212, 214
 
sulftr in. 209 12
 
sullur-alnino acids in,15 1-155,
 

153, /5-. 209-211
 
crude protein 

in barley sed,197-204
 
t1 field-bean s 197-204
ed. 

thionic. in beans. 159-161,
 
159-161
 

cyst inc protein and, 143-150,

1 -.1 1 .1 6
 

14 .4-1 .16
ic acid and.(I252
 
microbiological assay for, 315
 
and sulfur in legumes, 319
 

D 

(Ilhai
 
preparation of. 288-289
 
Vi'lds of, 286-287, 287
 

dicis
 
ilnliding pulses, 284
 

diets, corn-bean
 
treatmruients of, 2.5
 

digest ibility
 
of dry beans,32 1-322
 
en/ytne inhihilors and, 47
 

genclic improvement of, 353-354
 
legunic-protcin, 3:-40,35-37
 
resca,ch on, 57-58
 

djenkolic acid
 
cyst inc and, 252, 252
 

CirrltgCn 
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dry beans 
in Africa, 86, 92 

alillo acids in, 91 

in animnal tests, 316-317 

breeding, 109-114, 110-112, 143-


150, 107-204 

genet ic diversily of, 107 

genetic im provement of, 107-1I 5 

hemagglul i in, 202 

indigestible conponents in, 32 1-324
 
intraspecific differentiation in, 


107-109, I 08
 
lysine in, 191 

Makerere program in, 127-128, 12S 

ree Iiioite iil, 1.1,/59, 160- 16 1. 


161, 191 

nitrogen in, 186 

nutrit ion and, 43-48, 251)-26(; 

primitive varieties of, 172 

protein itn, 113-1 14, 11 3, 159 - 161, 


159, 187-190. /S8-189, 197-

204, 233 


quality itl,143-150 

vegetative variations in,1O8-109 


dry seeds 

damage to. 300 


dye-bind ing, 214 


E 

enzymeit ilibitors, 239-240 


bean digestibility alld, .17 


CzymIei/s 
as residlIC dlerniriant, 321 


estrogens, 250, 25/ 


IF 

FAO 

seed colleclion program, 13') 


FAO/IALA P'rogramn, 217-221 

favisni, 253-256, 255 

ferientation 


soybeans arnd, 241-242 

field bean 


ariro-acid balance ini, 198-201,/9 


crude protein in, 197-204 

flatulence, 263-277 


bioassays for, 310, 343-344 

eliiniation of', 273-276 

cxlperiments on, 307 

in legumes, 37-38, 273-276, 2 74-


27.5, 358 


product ion of', 273, 2 7.1,
2 75
 
research on, 57-58, 307-308
 
in various foods, 27 1-272, 272
 

flatus, egested
 
volunme of, 268-269)
 

food acceptance
 
problems of', 28 1-309
 

food legutries, See lisa legules, puilses
 
processed. 301-302
 

G 

ga:;
 
inrat viscera, 206-27
 
illstools, 267-2'
 

gas-fornuing propert ies
 
in legumes, 263-270, 264
 

genetics
 
inlmlovenintL off,
43, 61-176
 

research ticdc(l for, 173-176
 
high-prtcin lines and, 187-190
 

genctit selectou
 
and legume Iflatulence, 273-276
 

genetic varialion
 
legunie pilt uin and, 223-232
 

geltotype
 
improved, 220-22 I
 

genotype evaluation
 
of soybl'.ins, 118-121, 119-121
 

gel-i plasill 

collect ons of, 71-72, 7-1, 81,
 
98-9)9, 277
 

evalua t iig, 336
 
screening, 325-332
 

naterials and ithods, 325-326,
 

Germianiy
 
IAIFA agreemriet with, 217-221
 

Giyci'imax, we( soybeans
 
glycoside, ,allogellic
 

itt lima'i beans',, 2-t8, 2.49
 
goileroget s, -247.24S
 
grourlnl)lluts
 

in Africa, 85, 1
 
in laiill iielica, 95
 
Makerere prograi ill,
128-129
 

growth inhibitors, 239-240
 
tidetitified., 252
 

growth pocscs
 
study of, 364-365
 

( uateniila
 
beal cooking ini, I8 
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legume consutuption in, 16, 17, 

16-18 


11 


heat t eat Iment 

of legumes, 43-48, 44, 5 I,53, 


300-301,308

henagglul iuinl 

assays r,3 16 

in hean types. .16, 202 

andtoxicity 45 


lIhn/,cu r'l rugarc..we barley 

hydrogen


excretion in rat, 267 

in expired air. 268 


Ilatus and. 263-264 


hydrogen, breatilh 

after bean ingestion, 275 


lypllcholes l erol 

leg, roes and. 38-39 


IAI:A 

e ilnagreelmeni with, 217-22 1 


IARI. 138
 
pulse s ,ludiesand. 61. 69. 74. 74 


ICRI SAT, 17 I
 
etablishnlt pcotmmletded. 164-


I 65 


lI('A, m-1)7, W) 


ill (ostla Rica. 164 

Iield-beln stlidies by, 165 


ITA. iv 

leguC imlprovemnlt progral of, 


2015-? 15 

in Nigel . 14-165 


India. legmlcs in. 690-82, 28 1-295, 


2S2-2S.?. 2S9 

cInsiiiptioll of', 283 


cooking of, 30t8 

inftsttilion of1.
308 

nilling of, 308 

ilnprovelneri of, 01-67 


produimct ion Of, 71-73 

Indiatn ,\grictlltmal Research Inslitute, 

.c IA RI 

ind igCt ibil ii 


envit lic determination of, 32 1-


J 

tests for. 343-344 
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infants 
legumes fed to, 309
 

infestation, 308
 
inhibitors
 

heat-sensitive, 38
 
insect infestation
 

of legumes, 362
 
Institut Recherches Agronomic
 Tropical,.u'e IRAT 

Institute for Crop Research in the 
Semi-,\rid Tropics, see ICRISAT 

Instito A mericano de Ciencias 
Agricol a tieliaOA, sit, IICA 

me
internatioal cooperation in legu
research. 366
 

hiternational l)evelopnIent Research
 

Centre, iv
 

International Institute of Tropical
 
Agriculturc see ITrA
 

International Maize aid Wheat In'
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