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Welcome

Y. L. Nene'

As many of you undoubtedly know, the Consultative Grampinternational Agricultural
Research (CGIAR) supports 13 international agricudturesearch centers around the
world, with the primary aim of increasing world food pruodion, and improving the
standard of living of people, mainly in the developioguntries. The International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT)swestablished in 1972 here at
Patancheru. One of ICRISAT's mandates is to improveptiogluctivity and quality of five
different crops, three legumes - groundnut, chickpea, piggonpea, and two cereals -
sorghum and pearl millet. Our focus has been, and wihtiome to be, on small farmers
who cultivate their crops in rainfed situations ireteemi-arid tropics of the world, mainly
in Asia, Africa, and Central and South America.

During the last 15 years, a group of more than 30 ICRISA@nsists have worked hard
to understand the causes of low productivity and proiduc of pulses, and have made
substantial progress in making available to nationadgpams varieties that have higher
productivity, and technologies that should ensure higiveduction.

In groundnuts, our scientists have evolved high-yirtfidisease-resistant, pest-tolerant
and drought-tolerant varieties; varieties that are mssceptible to the aflatoxin-producing
fungus, Aspergillus flavushave also been identified.

In chickpeas, our scientists have evolved short-durakiabuli and desi varieties, that
are resistant to diseases such as wilt, root rots,asedchyta blight, and pests such as po
borers. These cultivars give high yields on residuail snoisture. Very soon we should
have short-duration, cold-tolerant varieties thatl escapehe onslaught of several biotic
and abiotic stresses that reduce the yields of tradatiofong-duration cultivars.

In pigeonpeas, our progress has been spectaculardndesl we are proud of it. Our
scientists have evolved high-yielding, photoperioddnsitive varieties that mature in 3-4
months, in contrast to traditional cultivars that matime6-9 months and are subjected ta
several stresses. These short-duration varietiespao&ing very popular with farmers,
particularly because they now have more options to fjiepnpeas into varied and non-
traditional cropping systems. Similarly, hybrid piggeas evolved by ICRISAT scientists
are increasingly being cultivated, and today we seeimeton the threshold of breaking the
so-called "yield barrier" in pigeonpeas.

Through our Legumes On-Farm Testing and Nursery (LEGBNT unit we have
demonstrated improved production technologies to gai to three times the yields of
these crops. To reach our goals, we at ICRISAT beliavgoining hands with other

1. Deputy Director General, International Crops ResearoBtitute for the Semi-Arid Tropics (ICRISAT)
Patancheru, A.P. 502 324, India.



international agricultural research centers and withabecerned national programs. Wi
work closely with ICARDA on kabuli chickpeas. Through opmograms in West and
Southern Africa, we are working with countries of thoseioag to increase groundnut
production. Wewill soon initiate similar research activities in east&frica. Through our
Asian Grain Legumes Network (AGLN), we are working in 1(feliént countries in South
and Southeast Asia. Together with the International RieseRBrch Institute (IRRI), we
organized a workshop on varietal improvement of pigeospehickpeas, and other le-
gumes in South and Southeast Asia, with particular retereto rice-based cropping
systems in Nepal.

| have gone into these details to indicate to you that tlads of increasing produc-
tion of legumes in many countries in the next 5-10 yearsvarg bright. However, we are
concerned that when this happens, the small farmers maypaaemunerated for their
produce. To protect farmers from such an eventuality, itmigortant that new, alternative,
and innovative uses of these legumes are worked out Sdos.is the main reason we are
holding this Meeting, with 32 consultants from 21 courdrée participants. To learn from
the experiences gained on other legumes, we have invitpdrisxwho have worked on
such other crops as soybean, mung bean, faba bean, and.lentil

At ICRISAT we take things seriously, sometimes too seripu$or example, our
organizing committee spent over an hour discussing kdrethe title of this meeting
should include the word: "utilization", or "uses", anddlly the majority favored the word
"uses".We will not be able tallot that much time for all your deliberations, but suffidier
time has been provided. We are looking for ideas, and wd wsatiously study all your
recommendations. Weill initiate new research projects, and makecessarychangesn
our ongoing research projects. Your heipl betimely becauseve are presently prepar-
ing our strategic plan for the next decade and beyond.



Welcome

J.|. Cubero?

On behalf of the International Center for Agricultural Resé in the Dry Areas (ICA-

RDA), the International Crops Research Institute far 8emi-Arid Tropics (ICRISAT),

and Food and Agriculture Organization of the United NasigFAO) | welcome you all to

this meeting. My statement of welcome will be very shortt bwould like to comment

very briefly on the title of this meeting: "Consultants Mi@g on Uses of Grain Le-

gumes". All of us are aware that legumes are importanpsrout they have a rather low
profile when compared to cereals. They are more impomamw than they were when man
began to cultivate land. They are good companions ofatefgoth on the table and in the
fields, and they provide important proteins for everyei®th humans and animals. They
are also useful as rotation crops that improve soil fastiland are increasingly vital for

sustainability of yield. So, legumes are a very importaatt mf our agricultural system,
and they will gain in importance if we want to maintain sstilucture and fertility.

Until recently legumes have been mainly used for human wopsion as a very cheap
source of protein. Many people around the world live on aplet diet of cereals and
legumes, without consuming any animal meat. We are in atcpuhat has historically
demonstrated this. However, in the 20th Century, many nuses for legumes have been
discovered. Developed countries have been able to prodaweuses for several legumes
such as soybean and groundnut. The industrial extractiailpwhich still leaves a very
protein-rich material for animal feed and many other puegpss one of the most success-
ful treatments of legumes that have been developed in thistu€y. Some other legumes
have also been successful, in the sense that new uses kave found for them by
developed countries, notably in the canning or freezingu$tries. Many other legumes
such as chickpea and pigeonpea, are still awaiting breakdtns in nontraditional uses.
Traditional agriculture, particularly subsistence agttare, utilized these legumes for
direct consumption on the farm. We need to extend the scoegwme utilization not only
to maintain the nutritional values of diets, but also tovide higher incomes for the
farmers. In these modern times, subsistence not only nfeas or being maintained on a
very low protein or food profile: as human beings we neecrothings, like schools for
children; so we need to widen the perspectives of farmetsgioer incomes. This can only
be achieved if we discover new uses for grains, so that extrduction on the farm can be
exported or used in one form or another by food processingsiniés. This meeting
should help increase farmers' incomes in the developingdvo

Finally, this kind of meeting is popular in the ConsultetiGroup on International
Agricultural Research system. It is not only a meeting withd papers, long academic

1. Professor of Genetics and Plant Breeding, Depatado de @andscuela Tecnica Superior de Ingenieros
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papers, with a lot of scientific data, but also, basicallisia meeting to exchange opinions
and ideas. It is a meeting not just to speak about what wendmui own Centers, but to
learn from other people's work. | am highly appreciativehef invitation of the Organiz-
ing Committee to address you on behalf of ICARDA, but | feehh @lso speak on behalf
of ICRISAT. | started my relationship with internationanters at ICRISAT soon after it
was created when a similar meeting on pulses was held in. 19%5oyed visiting the old
conference room where we held our meetings on chickpea #red pulses, and marvelled
at the difference the intervening years have made- a @iffer for the better! On behalf of
the three co-sponsors, | welcome you to this Meeting. Emjopnd learn a lot from it.



Inaugural Address

L. D. Swindale'

First let me say how pleased | am that the Chairman of therdational Center for
Agricultural Research in the Dry Areas (ICARDA) Board, [@ubero, has joined us for
this meeting. It is indeed a real pleasure, both becausepresents a sister IARC with
which we have close cooperative relationships, and alsauseche has come to ICRISAT
as a scientist. We are very grateful that he has taken thettirdo this, and we hope he will
participate in our discussions.

| would like to add my welcome to all of you who are heretfos Consultants Meeting.
Several of you may find opportunities for cooperative agsk in areas other than thost
you will discussin this meeting, and we hope that yaiil exploit theseopportunities.

This is, | think, thefirst meeting al CRISAT whereusesof legumeswill be exclusively
discussed. The meeting, therefore, represents quite aiecige and an opportunity to
suggest new and different options. It is also easy for agr organization such as ours t
get into a rut, to stay there, to keep thinking the sameghts, and to do the same things
So we ask you, our Consultants, to help jolt us out of any saakirre that we may have
fallen into, and to help us look at what the world is doing wiggumes, and what we at
ICRISAT and ICARDA can do with the ones that appear in oundages.

It's a great challenge to the centers of the Consulta@veup on International Agri-
cultural Research (CGIAR) and to everybody involved witlvelopment, to help provide
sufficient food to meet the needs of the people. Food pectido must keep pace with world
population, which in many developing countries will déaikearly in the next century.
Food production must also keep pace with rising incomed expectations in countries
with growing economies, as is true in most of Asia. A pafehe World's Commission on
Environment and Development reached the following cosion: "The next few decades
present a greater challenge to the world's food systens tttey may ever face again. The
effort needed to increase production in pace with an unpested increase in demand
while retaining the essential ecological integrity of fosgstems, is collosal in both its
magnitude and complexity. Given the obstacles to overcommst of them man-made, it
can fail more easily than it can succeed". (World CommissierEnvironment and Devel-
opment 1987).

The CGIAR, the parent body of the international agricudturesearch centers, is
concerned about this challenge and recently it adoptedwa gmal statement. That state-
ment reads as follows: "Through international researchratated activities, to contribute
to increasing sustainable food production in developéogntries in such a way that the
nutritional level and general economic well-being of lomcome people are improved".
There are phrases in that goal statement that relate tputpose of this meeting, and the
obvious one is the nutritional level. In several developtogintries, the practice of judi-
ciously mixing cereals and legumes to provide a good gualiet was in vogue long

1. Director General, International Crops Research Institidethe Semi-Arid Tropics (ICRISAT), Patancheru,
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before we were able to understand and appreciate, girdle use of modern science, th
basis for this practice. We now know that legumes areltettesources of protein contain-
ing almost double the quantity found in such commomrakras wheat and rice. According
to the recent FAO Production yearbook (FAO 1987, p. 24)2only a small fraction of

total calories, and about 20% of total protein intake, cofrem animal sources in the
developing countries. In the developed countries, atn3@9 of total calories and more
than 50% of the protein consumed comes from animal products

It is a well known fact that legumes are a much cheaper samiqetein than poultry,
meat, or fish. For example, in Hyderabad, in March 198%btain the same quantity (100
g) of protein from different sources one had to spend foueegs—Rs. 4.74, for beef—Rs.
8.85, for chicken—Rs. 11.58, for mutton—Rs. 24.32, dodfish—Rs. 24.69. It is of
course appreciated that the quality of the differentgirs would vary.

Another phrase in the CG goal statement is general ecanemil- being of low-income
people. In the CG today, this phrase is being interprédechean increasing incomes of
farmers and other rural people, and it is being giveaaggr emphasis. Legumes are highe
value crops than cereals. Other things being equal, gutisg legume production for
cereal production should lead to increased incomesreéllgegreat scope for such substitu
tion, particularly in the deltas of the great rivers where tw three crops of rice are no
longer necessary. But attempts to increase legume mtazhy particularly of the pulses, is
likely to be constrained by demand, unless we can find awedvbetter ways to make use of
them.

Legumes may be consumed as immature green grains, or tbkewh dehulled grains
may be boiled, parched, roasted, germinated, fermentezhoked in different ways to suit
specific tastes. Many of the processes were developed befigre we knew about their
scientific merits. Even today, we do not completely untierd all the changes that occur ir
a grain during the course of processing, or how this magcafits nutritive value. But
many of these traditional/mechanical methods of procgssind cooking have largely
been confined to specific regions, and there has beere ldtlempt to try new methods
where established methods exist for utilizing a crop.

Take for example chickpea. In India, chickpea is used inyrdifferent ways. | would
like you to think of the possibility of these products find acceptance in other regions o1
countries. Last year, in cooperation with FAO, we haldaining course here at ICRISAT
on quality and utilization of legumes with participanterm Bangladesh, Indonesia, Nepal
Pakistan, the Philippines, Sri Lanka, Thailand, and Wéen. | am informed that some of
the legume products were so much appreciated by thecpeants that they were con-
sumed as rapidly as they were prepared, and very little /el for the taste panelists.
Also, it was the first time that some people tastemipehmade from pigeonpea, and they
found it quite acceptable.

Today you represent a much wider region, and bring witki great knowledge and
expertise. However, we ask that you keep one objectiveisfmeeting in your minds: Can
we find new or alternative uses for ICRISAT mandate legsHokickpea, pigeonpea, and
groundnut? This is particularly important for pigeonped,ich is not widely used except
in India, and in some countries where it is produced largelmeet the needs of people of



Indian origin. Therefore, | would like you to be bold in gegting new areas where yot
think ICRISAT can venture, and to identify new or altermativays of crop utilization. It
would be greatly appreciated if you and your colleaguescdelp us by testing some of
the products in your native countries and recording theoreses of local consumers tc
them. | understand that you have been requested to brindisoneeting recipes of
important products of pigeonpea, chickpea, and groundmaitare popular in your region.
Although information may be available feachregion separately, will be useful ifthese
recipes are assembled so that we can all understand thalgpalttern of utilization of
legumes.

We should not be limited by tradition in thinking about wha @an do with our crops.
For example, they can be used as fodder. Groundnut iadiremportant for that purpose,
with the residue after oil extraction being used as fe&&cand the haulms used for hay ir
some parts of the world. Pigeonpea is used directly as a fe@chs a forage, and can be
used as a substitute for soybean in some products. In |redideast in the past, and in
Thailand, certainly in the present, pigeonpea is used asstaphant for lac insects.

Crop improvement and protection are increasing the pagtsés for rapid increases in
production. The need to do the same for uses is equallioaby | would like to ask you to
develop long lists of possible uses for legumes through poain-storming meetings in the
working groups, and put them into some rough order of pryofdr further study and
research. Please don't be limited by the number of entridsenMve have many consul-
tants, we expect much advice. We will be able to use fubpportunities to trim the lists
down to manageable proportions.

Help us also, if you can, to describe the specificationsuba: At present, groundnut is
the only one of the three ICRISAT mandate legumes that ha$-defined quality stan-
dards in both local and international markets. Two of alteagues from ICRISAT, Drs
Gowda and Dwivedi, returned recently from the Philippimesh listed specifications for
groundnut to be used in making a whole variety of commenmiadlucts, including peanut
butter. Such information is very useful to us and perhapaany of you. Do we know what
the list of specifications for pigeonpeas should be? It wlobé important to know. We
welcome the advice of those representatives from industrg are present at this meeting.

Finally, once again, | hope you will enjoy your stay at ICRIS and help us to do a
better job with our mandate crops for the benefit of peapl developing countries.
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Objectives of the Meeting

The purpose of holding the Consultants' Meeting on Uses rafirGLegumes was to
discuss current utilization aspects of the grains of gheek Cicer arietinun), pigeonpea
(Cajanus cajah and groundnutArachis hypogeawith emphasis on diversification of end
uses. Invited experts assessed the latest developmemtsthee application of various
techniques in the field to formulate immediate and loagge plans to improve the uses of
ICRISAT's mandate legumes.

The objectives of the meeting are:

e To review existing knowledge on the uses of chickpeaegigea, and groundnut grain.
* To identify:
- areas which require further research and development;
- research ideas which provide novel and alternative o$dhese legumes to help
structure future research thrust;
- areas for collaborative research; and
- training needs.
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Nature, Composition, and Utilization of Grain
Legumes

J.H.Hulsée!

Abstract. Legumes are grown on poorer land and given less attention

the more profitable cereal grains. Cereals have been converted both

tically and industrially into a greater variety of edible products than
soybeans being the only possible exception. Investigations on the
quality of legumes do not suggest that any exceptionaly new or
knowledge or concepts have come to light during the last 15 years.

storage of legumes is influenced by temperature, moisture, and oxygen
Feasible modifications of established storage systems in villages would be
efficient and economic than imported expensive technologies. More
and effective postproduction systems that are complementary integrated
sustainable production  systems are needed. Integrated pest management
pre- and postharvest, coupled with a fundamental biochemical approach
entomological and  mycological  taxonomy  would provide further insight

facilitate control  of postproduction losses.

There are many references in the literature to the functional properties

soybean proteins but relatively litle on chickpea and pigeonpea.

tional properties of importance inelude  water-binding capacity, solubility,

formation, lipid binding, and foam formation. Processing of legume

such  methods as agglomeration, extrusion, and protein  concentration,

scope for  finding new uses as well as supplementary uses in

products. A  better understanding of the essential biophysical and biochemi

structures of grain legumes are needed if innovative technologies are
products  of broader application and greater variety than are
available.

A better appreciation of the functional properties of these important
components is essential if future genotypes are to be utilized and processed

the most advantageous manner. Insensitivity to, and inability to
what constitutes consumer acceptabilty is a primary cause of failure
introduction  of both  unfamiliar crops and new food products.

1. President, Siemens-Hulse International Developmksdociates, 1628, Featherston Drive, Ottawa, Ontario

Canada KIH 6P2.

ICRISAT (International Crops Research Institute fortBemi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 MB9, ICRISAT Center, India. Patancheru, A.P. 502

324, India: ICRISAT.
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However, sustainable progress will not be realized if research and developm
is confined to academic institutions and government laboratories. The ea
involvement of the commercial sector, whether private or parastatal is esse
tial, particularly in  market research and development and in  establishin
realistic  standards of product quality and process control. This would als
ensure that genotypes developed by the international agricultural resear
centers will be fully utlized in improving the quality and variety of humal
diets, thereby generating employment in the agro-industrial sector.

The Leguminosae are one of the three largest familiesoefdring plants, and are com-
posed of 690 genera and 18 000 species. They are chiaradtdy butterfly- or keel-
shaped flowers and pod-shaped fruits. Of the three mabasnilies, the Papilionoideae
are the most important and contain more than 12 000i¢cedpsubtropical, and temperate
species. Many are cultivated, each capable of symbiatieraction with soil bacteria that
infect the root nodules, and of reducing atmosphericogién to a chemical form the plant
can utilize in tissue synthesis and maintenance.

Legumes: Nature and Origin

Broadly speaking legumes can be classified into thesatively low and high in edible
lipids, the latter often described as oilseeds. Many dhbadasses may be eaten raw or
cooked as green vegetables, but the former are more bfievested as dried pulses. A
third class of legumes of agricultural importance includeany species of pasture, covetr
and fodder crops, and green manures.

The most widely cultivated legumes are the two principdsedds: soybean and
groundnut that represent roughly 50% and 16% respdgtivithe total world production
of grain legume crops, chickpea providing only 7% and pigesa slightly less than 2%.

Grain legumes are known to have been cultivated at leaste neolithic times.
Phaseolus beans carbon-dated to before 4000 BC havefbered in Mexican caves, and
peas of similar age were discovered in neolithic excawnatin Switzerland, in predynastic
Egyptian tombs, and in ruins around Troy. Chickpea sderhave originated in the fertile
crescent of the Mediterranean, though some ethno-basameport early finds in the
Himalayas. Recipes for chickpeas are recorded in soméefetirliest known Roman
cookbooks: "De Re Coquinaria" by Apicious, "The Deipopkists" by Atheneus, and
"Historia Naturalis" by Pliny the Elder. Dishes descdhaclude boiled and roasted pulses
and tender immature seeds in desserts. Pliny recommeridkpela as a diuretic, as a
lactation stimulant, and as a palliative for skin irritats.

The place of origin of the pigeonpea, so-called becafists appeal to wild pigeons, is
not certain. Watt (1908) reports early wild species irin@hand Indochina; de Candolle
(1886) states that wild ancestors grew in Africa from thestodGuinea to Zanzibar, and
in the Nile valley. D.N. De (1974) believes th@ajanusspecies, together with the closely
relatedAtylosia, were well established in northern India and on the Bequlateau at least
3500 years ago.

In common with many other edible legumes, pigeonpea neagdben raw or cooked as
immature green seeds; it may be dried in the field, parctaabted, or ground into flour or
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coarse meal. Though measurable quantities are cultivatéte Caribbean, southeast Asia
and eastern Africa, close to 90% of total world cultiwatiis on the Indian subcontinent.
The crop is, however, of special significance in eastefnca where, during seasons of
extreme aridity it may be the only crop that survives.wish any other crop cooked and in
other ways processed for human consumption, legumes reagxamined and evaluated
both for their nutritional and functional properties, ahd influence upon either or both as
a consequence of biochemical and biophysical interasttbat result during or subsequent
to processing.

It is 14 years since this author contributed to the 197%5kaioop on grain legumes at
ICRISAT (Hulse 1976). Two comprehensive reviews of dteirre on chickpea (Chavan et
al. 1986) (Williams and Singh 1988) and one on pigeonjsedunkhe et al. 1986) do not
suggest that any exceptionally new or unexpected knogdear concepts have come to
light during the interim. Research at ICRISAT has revea@dimber of potentially useful
properties among wild uncultivated speciesQdder, Arachisand Atylosia, some of which
could in time be transferred into cultivated wild cross€3RISAT's cytogeneticists,
employing embryo rescue and other elegant techniquesanfdenesis, have embodied
resistance to late leaf spot and other infections fromdwAtachis species intcArachis
hypogeae.These successes offer hope that cooperation betweegengticists and bio-
chemists might discover and transfer from wild speciesirdble traits in oil content and
compaosition.

Studies at ICRISAT and ICARDA have reconfirmed that cimgktimes vary widely
among genotypes and that seed nitrogen content is sigmfig influenced by the
agroclimatic environment and agronomic conditions ofimation. In the light of contem-
porary concepts of human nutritional requirements, tredopportunities and constraints
of legume breeders, it is questionable if high priorityoshl be given to a search for
genotypes high in sulphur-amino acids. As was suggestegilier presentations, it could
be more rewarding to give greater attention to the iithbte characteristics that make
ICRISAT's mandated legumes more or less acceptable to caities which grow, cook
and eat them, and to technologies that would arouse grieda¢eest in the food processing
industry.

Nutritional Properties

Though in more affluent societies legumes, particularledimpulses tend to be regarded as
protein for the poor, the nutritional complementarity efeal and legume protein has long
been recognized, at least empirically if not biochemlicaln Imperial Rome, bean and
barley flour were frequently mixed into wheat flour; mmedieval England bread for the
poorer people was often supplemented with pea and Hean, fa practice that became
mandatory during World Warl 1.

Though pulses are generally grown as food for their pno¢entent and amino compo-
sition, the oilseed legumes, groundnut and soybean, as¢ widely grown as commercial
crops for their oil content. The oil is extracted either lgat and pressure, and/or by
solvent extraction, the residual high protein "oil-cake&ing used mainly as animal feed.
Where appropriate technological and hygienic control isnt@@ned, the cake can be made
suitable for human consumption.
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Legume Composition

It is not the purpose of this presentation to address ajthemethods of analysis. Since,
much is published concerning protein and amino acid coritetthe food we eat, some
words of caution may be in order. The crude protein contérplant and other food
materials is estimated by multiplying the determined rmj& content by some accepted
conversion factor. One of the earliest and most extehgiwsed is the factor of 5.7
recommended by Osborne and Voorhees in 1893 (Osborne).1B@lowing many deter-
minations they concluded that the average nitrogenesdntof the many wheat protein
samples analyzed was 17.54% and that therefore wheat prodatent could be estimated
by multiplying the analyzed nitrogen content by 5.7.

Though first published in 1883 the method of Johann Kjeld@imhains the standard
against which all other methods of protein assay are coetpafhe Kjeldahl method
determines nitrogen content and assumes that nitrogeeseqps a constant proportion in
each natural protein source. The standard Kjeldahl ntetifaletermining nitrogen by the
oxidative digestion of all amino acid and amide nitrogembtomonia is, in the best of
circumstances, susceptible to some 24 sources of errorli@kis 1977). The assumption
often made is that N represents 16% by mass of all animalrarsd plant proteins. Total
amino acid analysis shows that the N content of most tead legumes is greater than
17.5% and, therefore, that the N-to-protein conversiactdr for most cereals, oilseeds,
and legumes lies between 5.3 and 5.7 (Tkachuk 1977).

Despite many pleas for greater clarity and standardimatibreported data, "protein
content" is frequently quoted without reference to thetimod of determination, the N-to-
protein conversion factor employed, or whether on a dry masss-is moisture content.
Results could be more comprehensible and comparablesepted as total nitrogen and
nonprotein nitrogen on a dry mass basis. Similarly, theveation of expressing amino
acids as mg AA g N and other minor ingredients as mg 106 dry matter would make
for simpler comparison of data.

Recognizing the many potential sources of analyticabrerthe variability among
methods and, indeed, among analysts, comparisons ofiprated amino acid content
among different reports can at best be regarded as appadei

The subject of the analysis and nutritional evaluatiorpmftein and amino acids is
comprehensively discussed in a United Nations UnivgrEitNU) publication (Pellett and
Young 1980). Based upon data from FAO/WHO, this publieatjuotes the daily protein
requirements of different age groups as varying fro8 & kg of body mass for infants
of 3-6 months, 0.80 g kg-for children 10-12 years old, and 0.57 g kder adults. From the
same source the authors also quote differing amino aajdirement patterns among the
described age groups.

The authors emphasize what has long been evident: thatiooysi about how much
protein and of what composition is ideal have varied wydever the past century, even
over the past 2 decades. Sometimes overlooked are theased requirements of people,
particularly children under stress of acute and chronfedtions that cause depletions of
body nitrogen in amounts difficult to determine and likedwfry with the duration, nature
and severity of the infection, and the nutritional statiishe sufferer at the outset. The
UN U authors state : "The total amino acid profile of a fgodtein is a good indicator of
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potential nutritional value but may at times be misleadihione or more of the essential
amino acids are only partially available. It is thereforgical that the availability of the
reactive and most frequently limiting amino acids—Ilysimegthionine and cystine—be
known. This is especially true for proteins present incpssed foods and food
ingredients."

Hulse (1976), in calculations from various published sesrgives analyses of different
samples of chickpea and pigeonpea. In whole chickpea, ettteact ranged from 3.9 to
6.2% (4.6-6.9%), protein 20.8-25.9% (25.3-28.9%), stduBHO 60-63% (63-65%),
crude fiber 8.0-8.7% (1.0-1.5%), the figures in parerithéming after dehulling. Other
analyses showed significant variations between inner ahelr segments of the cotyledons:
the inner fraction representing 25% of whole grain masstaioed 19.4% crude protein;
the outer fraction representing 65% of grain mass copthid5.7% crude protein. Both
lysine and methionine appeared proportionately higherthi@ outer than in the inner
fractions. Analyses quoted by different authors showedewvdriations in amino acid
contents (mg g protein) among both chickpea and pigeonpea sampleso Aflser authors
referenced by Hulse (1976) report significant varin§oamong samples in biological
value: chickpea 52-78, pigeonpea 47-74; and in coefitodd digestibility: chickpea 76-92,
pigeonpea 59-90.

Because of the complications inherent in determining tiedolgical values of protein
sources by chemical analysis or with human subjects it &tocuary to use indices based
upon rat mass gain or nitrogen retention, the latter dete@ngithe balance between intake
and loss through excretion. One of the most widely quosethé protein efficiency ratio
(PER) which is a comparative ranking index and not an absahg#asurement. A PER
estimated at one place and time cannot reliably be rategineed against PERs determined
with different animals at another place and time. Each PERdation- and time-specific;
unlike an atomic weight or the mass or dimensions of aimplan bar it is not an absolute
invariable property of any protein.

It would appear that too much reliance may have been plaped vat growth data in
arriving at recommended daily nitrogen intakes for humandse Expressed as intake per
kg of body mass, the daily protein, lysine and S-amino acidke required to maintain
optimum mass increase in rats is significantly greatantthe levels required for adult
human body maintenance. Young et al. (1984) concludednilratgen balance, blood and
body composition were satisfactorily maintained in yourduless whose sole source of
protein was 0.8 g k§ day® of isolated soybean protein. Scrimshaw et al. (1983pwh
determined nitrogen balance in adults reported that tedlsoybean protein was indis-
tinguishable from cow's milk at isonitrogenous intake.

Cereal-Legume Complementarity

The nutritional complementarity of cereal and legumetgiro seems to have been discov-
ered empirically on all continents: rice with soybean dntheast Asia; sorghum or millet
plus chickpea or pigeonpea in south Asia; sorghum or miN&h cowpea in Sahelien
countries; maize with lima beans in Latin America beinglarfg tradition. Chemical
analysis has shown that the amino acids deficient in thenhes are generally adequately
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compensated by the protein of cereals and vice versa. Thtaahcompensation is closest
to ideal when the ratio by mass of cereal to legume is rbu@f:30, in which proportion

each provides about equal parts by mass of protein. Acogrth FAO statistics, only in

Latin America are the total productions of cereals amglihees in a ratio of 70:30. Across
Asia the ratio is closer to 90:10; in recent years legunoalpction appears to be declining
possibly because of the greater appeal to farmers of tghehiyielding cereals. It is

apparent in several areas that legumes are grown on paardrdnd given less attention
than the more profitable cereal grains. The latter agpéarbe the case in relation to
processes of transformation, the cereals being convefieth domestically and by the
processed food industry into a greater variety of edibi@pcts than legumes, soybean
being the only possible exception.

Antinutritional Factors

The legumes are also disadvantaged in varying degrees byadherse physiological
factors they contain. These include, among others, trypshibitors, haemagglutinins and
flatulence inducers, and are the subject of many pubbeoati(Milner 1973; Liener 1969).
Suffice it here to say that several observers (Jelliff851Bressani and Elias 1974) suggest
that in many developing countries few children are fed hegs during the 1st year of life.
Flores et al. (1966), in a study of Guatemalan Amerindiaildcen 15 years of age,
reported that only bean broth was fed in earlier years, pttogportion of cooked beans
being gradually increased as the children grew older.ubtoin adults flatus is possibly
more of social than clinical importance, severe flatukeigan cause acute discomfort in
infants. In a study of infants fed on legume diets, Rao e{1873) reported that chickpea
induced greatest flatus, followed by black gram pigeongeé green gram in descending
order. The literature available suggests that haemaigghs are virtually absent from
chickpea and pigeonpea and that antitrypsin activityelatively low when compared with
common bean (Hulse 1976).

Legume Consumption

It is well demonstrated that the nutritionally complereay benefit of eating cereals and
legumes together in appropriate proportions is greaten ifithe two are eaten in the same
guantitative proportions, but at different meal times.

Despite their demonstrable value as a relatively inegpen source of protein nutri-
tionally complementary to cereals, except among those alie®rve strict vegetarianism,
the universal trend, as disposable incomes rise, is fomieguto be replaced by animal
protein. A growing recognition that excessive consumptdf red meat can be detrimental
to good health is noticeable in the consumer marketsooftmnAmerica and Europe. The
tendency, however, is to replace beef with chicken ast father than with vegetable
proteins. Though the importance of healthy and wholesdiees is widely publicized and
accepted in principle by many better educated north Anaevsc eating habits are generally
persuaded more by what is economical and by what appedlse eye and palate, than by
what is most nutritionally desirable.

16



Eating is a source of pleasure as well as a physiologieaéssity. It is therefore not
surprising that among the very poor the first significardrements in disposable income
are given to increasing the quantity and variety of the. dide traditional foods of many
poor communities reflect the need for economy of fuel antetfor preparation. Conse-
quently cereals and legumes are simply ground into mealoor then cooked in water
either into gruels or porridges or as stiffer pastes intblftaads. Foods calling for more
time and attention, such as fermented, leavened breads fnolded and selectively
fractionated flours were first produced by slave labor lie Egyptian and Babylonian
courts, and later in imperial Rome by domestic slavesrbam millers and bakers. Women
in the poorest communities have access neither to dombstp nor to disposable income
wherewith to buy manufactured foods. Consequently simpten$ of domestic preparation
are most preferred.

Postharvest Conditions

In the case of food legumes, available literature sugdgbatsmore effort has been invested
in nutritional evaluations than in studies of those phgsiand biochemical properties that
bear upon technological transformation and postharvéabilsty. Few components of
postharvest systems provide more revealing examplemagfpropriate transfers of tech-
nology than the storage of food grains. A disturbing assemt of pesticides were found to
have been distributed to farmers with instructions theyldowt understand.

Research in western Africa encountered a diverse arragrapeting, often conflicting,
storage devices imposed by different aid agencies upon inldégenous farming
communities:

» Prefabricated metal silos that turned into pressure emlks the heated exterior drove
moisture to the center in sufficient concentration tolctiee grain.

» Do-it-yourself kits to construct concrete silos for iwh all of the materials had to be
imported.

» Subterranean hermetically sealed bins which crackedesubsoil shifted and, though
easyto fil, were impossible to empty, the designers seemingly neaging heard of
Newton's apple.

* Used oil drums, theoretically hermetically sealed butadat fnot so, since the top rims
were easily bent and sealing gaskets quickly perished.

An imaginative small group at the Centre nationale deheeche agronomique,
Bambey, in Senegal, decided that, before importing eXxpen®&chnologies, it would be
wise to examine what local farmers had learned over mamyudes of growing and
storing sorghum, pearl millet, and cowpeas. With thestmste of women students from a
nearby college, storage and utilization practices by 7@®nfng families were recorded.
Few, if any, could afford either the cost of purchase aimtenance of the devices offered
by aid agencies. More important, it was demonstrated thatyowmt resort to imported
materials or designs, modifications to established stoosgtems were at least as efficient
and more economic than those of foreign origin.
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Control and Determination of Loss

The three essential variables to be controlled in storathgare temperature, moisture, ant
oxygen content. It was demonstrated how these could tigfaetorily controlled in circu-

lar bins made of woven sorghum stalks with a thatch roof oéllatried tropical grass.

Briefly, to hold 1 t of grain, the height and diameter shouwdrbughly equal; the walls
should be lined with mud to improve insulation; the thesbould provide a wide overhang
and the silos located under trees to protect the watdmfinsulation; the grain should be
sun-dried and filled into the silo early in the morning wio@wol; and the interstices in the
grain should be filled with clean sand or wood ash to redneexygen content (both sand
and ash being abrasive will scour and rupture the waxyirghis layer that covers an
insect's abdomen causing it to die of desiccation). In taalulithe Senegalese discoverec
several indigenous plants, includinidyptis spicigeraand Cassia nigricans,that possess

natural insecticidal properties (Hulse 1983).

Parpia (1973) gives an interesting account of the causéscansequences of in-storage
infestation and mycological infection of grain legumedndia, where 70% or more of the
legumes harvested are stored on farms. As in Africa brischatried from the field into
stores cause direct destruction and faecal contaminatienstates that the eight overlap-
ping generations of the pulse beetle, have been known daceethe mass of stored
chickpea by close to 50% in 6 months, and to reduce sigmifigahe nutritional value of
both chickpea and pigeonpea by preferential attack upotepraich components. Parpia
recommends particular fumigant procedures and arguebrémding for greater resistance
to insect and fungal attack.

A final point, perhaps more philosophical than technidalworthy of mention: it has
long been the custom to speak about and attempt to quargdytiarvest losses". Quan-
tification can be misleading unless accurately definethtxy nature and by cause. Data ir
terms of proportional loswill be different if expressed btptal mass,by volume, or by
nutrient loss. Loss or damage may result from a varietyioltlgical, physical, mechani-
cal, or physiological causes. This paper suggests thatra prmmising approach would be
to develop more efficient and effective postproductiostayns complementarily integrated
with the sustainable production systems that are theadedl objectives of most plant
breeders and agronomists in the international agricaltuesearch centers. In relation tc
biological damage thisvill require integrated pest management both pre- and pos#starv
This in turn calls for a more fundamental biochemical apphoto entomological and
mycological taxonomy, and a more profound understandihth® biological relations
between pests and their hosts, between pests and theiahatysotential enemies. Posthar-
vest constraints have in large part been considered asoé discrete entities rather than as
components of a complex continuum from the time andelacharvest to the time and
place of ingestion.

Functional Properties of Proteins

There are many references in the literature to the foneti properties of soybean proteins
but relatively little on chickpea and pigeonpea. Brieflyg functional properties of practi-
cal importance include the following.

18



Water-binding Capacity

Sorption isotherms are plotted by incubating the protdiimterest at different equilibrium
humidities. Generally speaking, at low ERH—Ilow wateriaity (Aw)—the water binds

tightly with high absorption energy. At higher water activithe absorption energy de-
creases and the water becomes progressively more lobseigd. The absorption energy
at different Aw levels characterizes a protein and infaesnsuch properties as solubility
swelling and apparent viscosity, gel formation and sitenBased upon NMR determina-
tions of hydration in polypeptides, highest absorptesergies occur in those high in ionic
and polar amino acids such as aspartic and glutamicsatjgosine, and lysine. Lowest
absorption energies are apparent where such nongotano acids as alanine, glycine
leucine and methionine predominate.

Solubility

Protein solubility and surface activity, the latter projyebeing conditioned by the balance
between polar and nonpolar amino acids, are importanhémptoduction of milk analogues
and high-protein drinks. Solubility and stable dispbikty influence apparent viscosity.
Being non-Newtonian, apparent viscosity is influethdey the method of determination,
particularly by rate of shear, a characteristic of palacumportance in extrusion and
texturization technologies.

Gel Formation

Gel formation can occur at high apparent viscosity orewlconcentrated solutions are
heated. In the latter, the irreversibly denatured protaals to form a three-dimensional
aggregate in which protein dissolved in free liquid isrepped. In addition to protein
concentration, conditions of heating and cooling, gekrsgth is influenced by pH and
electrolyte content. Gels may be formed by heating in ttesgnce of bivalent Ca and/or
Mg cations, calcium sulphate being commonly used to pcedi@gume protein gels and
curds. Of the various empirical methods of assessing sgedngth based upon relative
resistance to compression, penetration, shear and édhms of deformation, no method
appears to have been objectively standardized or unillgradopted.

Lipid Binding

As with water, lipids are absorbed, adsorbed or othexwhsund to polypeptides with
varying degrees of affinity, the strongest attachmerggn@ at hydrophobic sites where
nonpolar amino acids are concentrated. Related to lgffohity is the surfactant capability
of legume proteins to stabilize oil-in-water and mixenhulsions. The balance betweer
hydrophilic and hydrophobic amino acids and the relageéubility of a legume protein
influences its ability to orient and form a protectivelood at the oil-water interface.

Foam Formation

Another useful consequence of legume protein surfacevidgtis the property of forming
stable foams, a foam being a stable dispersion of airlm@ragas in water. Foam stability is
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empirically determined by rate of collapse or synereSisice foam stability is largely
influenced by protein solubility and concentration, tgio isolates tend to form more stable
foams than protein concentrates.

Transformation and Utilization

Any comprehensive review of transformation and utilinatiof chickpea and pigeonpea
must take account of both domestic and industrial prangstechnologies. The history of
the technologies that serve basic human needs—foodildsxtpottery, and housing—
describe for the most part the transformation of houskfastisanal crafts into industrial
processes by replacing human labor and hand tools by mexhiOnly recently has
chemistry synthesized novel raw materials or permitteatgreinsight into the essential
nature and composition of the naturally occurring rawtenals of food, clothing, house-
hold utensils, and structures, and the interactions thatl to the end products of
processing.

The technologies by which most food materials are prgsare little different in
principle from the ancient domestic and artisanal techesgirom which they were de-
rived. Modern break and reduction flour milling employsaetly similar principles to the
rotary quern used by ancient Mediterranean civilizatiohise same holds for the extrac-
tion of vegetable oils from leguminous oilseeds: the Btdial hydraulic press is simply a
more elaborate and energetic form of the animal-powereatypress. What is needed is a
deeper understanding of the essential biophysical amah@mical structures of food
grains, particularly of grain legumes, if innovative haclogies are to yield products of
broader application and greater variety than are ptgsewailable. This is equally true if
the many opportunities for substituting or supplementangmal proteins with legume
proteins are to be realized.

Process Technologies for Legumes

But first a brief review of some of the established processed technologies applied to
legumes. According to Parpia (1973) about 80% of therees of India are dehusked, split
and consumed aghal. Domestic and small-scale milling processes give yielfdb@order
of 75% from chickpea and 68% from pigeonpea, whereas imgdanilling technologies
give yields of about 82% against the theoretical maximuUn83%. (Parpia does not so
state, but experience with other milling technologieggests that these averages signifi-
cantly vary depending upon the properties of the graihthe efficiency of the processing
technologies.) The process to which Parpia refers inwbantrolled incipient heating of
the legume followed by holding in a tempering bin. Theemie gum which holds the
outer husk to the cotyledon breaks down and the huskds more easily removed by a
single corrugated roller. The water-soluble gum is a padgharide composed of gluco
and galacto-mannans, and some evidence suggestshbdtjgher the proportion of uronic
acids, the stronger is the adhesion. Parpia briefly dessrihe preparation of cookeiltial,
of puffed chickpea, ofdli (a steamed fermented mixture of ground rice dhd), and of
papadam made fromdhal pastes.
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A personal communication from ICARDA describes theiwas dishes of which chick-
pea is a component among west Asian, and north Africamtcees (Hawtin et al. In
Press). In Algeria the pulses are soaked before beingexbakith mutton, onions, and
tomatoes, and served witbouscous.Egyptians prepare chickpea in a similar mutton stev
but also eat the immature seeds raw and green, and tke pabked, dried, and salted as a
snack. Among the Ethiopian rural poor, cooked chickpegaten together with cereal, raw
and green in the pod, or during the fasting season &asosed cooked paste molded into
the shape of a fish and fried. Iranians make an elaborai¢ $oup containing meat balls, a
variety of vegetables and spices, dried prunes, apricauts, mint, parsley, and cooked
chickpea. In Jordan, Iraq, and Lebanbommosis a traditional favorite. Chickpeas are
soaked overnight, cooked, crushed, and mixed with sessad oil, garlic, and lemon
juice. The creamy paste is eaten as a dip with Arab br€&elarly these are but a random
few of the many ways in which chickpea is eaten in the Mwdanean countries.

For domestic use and industrial processing, the tinguired to cook legumes to an
acceptable texture and consistency is clearly of irgroge. Hulse et al. (1977) suggest
methods of assessing cooking quality; various authdustilate the significant variability
among genotypes in the cooking time required. Bressauli Elias (1974) and others have
described how cooking time increases with time in sterag

However, in common with most other assessments of consagweptablity, virtually
all test methods of cooking quality are empirical, sulijext and, in the hands of the
inexperienced, liable to misinterpretation. To determnediably what constitutes con-
sumer acceptablity requires great skill, experiencel dinect contact with a representative
population sample, requirements that are not fulfilled laboratory taste panels. Insen-
sitivity to and the inability reliably to determine whainstitutes consumer acceptability is
a primary cause of failure in the introduction of both unflaar crop types and new food
products.

Industrial Processing

In considering industrial processing of legumes, onstndifferentiate between those high
in lipids, such as oilseeds, and legumes low in lipid cont@he purpose of oilseed

processing is to separate the oil from the protein-niebidual cake, the technology em-
ployed, particularly in relation to hygienic control,ibg the determinant of whether the
extracted oil cake may be used as food, animal feed oilifer. Whether the oil is to be

extracted by pressing, by solvent, or by a combination efttho, the seed is usually first
flaked, cooked to rupture the cell walls, reduce oil vigty, and increase the rate of
diffusion. In screwpress extractions, pressures are ksptow as possible to avoid high
frictional temperatures with resultant damage both iloamd residual cake. In addition to
being of satisfactory hygienic quality, a gogdesscake will be dry, have a moisture
content below 6%, and be relatively free from heat daamag

Normal hexane is the solvent universally employed fogetable oil extraction. The

solvent percolates through the bed of flaked oilseed the dissolved oil is eventually

recovered by evaporating the hexane in several stagelrbgt and indirect steam heating,
the second stage often under vacuum. The critical featdre8seed extraction are: (1) the
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efficiency of oil recovery, both quantitatively and qualitely; (2) the efficiency of solvent
recovery since hexane is an expensive, toxic and flammststance; and (3) the quality,
particularly the hygienic and nutritional quality of thresidual cake. Because of the
unhygienic processing conditions that prevail in many $®me@dle oilseed processing
factories, the residual cake is fit only for use eithertesap animal feed or as an ingredien
of nitrogenous fertilizer.

PAG Guideline no. 2, published in 1970 by the UN ProteineCial Advisory Group,
specifies that food-grade groundnut flour should be mfadm split, deskinned, dehearted,
mold-free groundnuts, and that the final product shoulttaim maxima of 8% lipid, 1.0%
free fatty acids (FFA), 4.5% ash, 3.8% crude fiber, and aimum of 48% protein. The
prescribed extraction process calls for a maximum tentpezaof 120°C during cooking
and pressing, and between 80°C and 120°C during desohiegt Other specifications
relate to physical, hygienic and nutritional qualitielse 1atter specifying available lysine
and soluble nitrogen expressed as Nitrogen Solubility xnde

Since groundnut is relatively high in extractable oil (€#&cf soybean ca 25%) the oil
may be separated by pressing or, as is more efficient, bysipged$ollowed by n-hexane
extraction. As indicated above, careful control, partagiy of the temperature during
extraction, produces an edible-grade residual cake. AQuines contain significant
amounts of soluble carbohydrate, some in the form of radusugars. When heated,
alpha-amino groups in proteins react with carbonyl groupseducing sugars which
polymerize to form brown melanoidin pigments. Advantagetdken of carbonyl-amine
reactions in the production of peanut butter in whichridg roasting, alpha-amino groups
react with alpha-dicarbonyl compounds to produce pyrazifitem which roasted peanuts
derive their characteristic flavor. The effect of cooginpon nutritional value is highly
variable; it improves nutritional quality in some instaacand depresses it in others.

Processing of Legume Flour

Though legume flour, whether from dehusked low fat cotyledor from a residual oilseed
cake, will have particular characteristics influenced tgneagic heritage, conditions of
cultivation, and subsequent treatment, there are maolgntdogies by which grain le-
gumes may be processed. The primary processing of legusimdseeds consists of
extracting the bulk of the lipid content and reducing tkeidual cake to flour of some
predetermined particle size distribution. Unlike cdr@ours, oilseed and some legume
flours are not easily classified by fine metal or textiteegns or sieves and, therefore, air
classification is often a preferable alternative.

The simplest form of processing is to combine legumerfleith other finely ground or
particulate materials. The literature is replete withome of many mixtures of cereals,
legumes, and other protein supplements intended as infaméaning foods, most of which
never progressed beyond the laboratory. Milner (1984is liseveral that achieved some
degree of commercial production or communal utilizatidtulse et al. (1981) review
reports of composite mixtures of sorghum and millets combiwith various legumes and
other protein sources.

22



Difficulties in maintaining uniformity among mechanicalixtures of powdery mate-
rials are greatest when the composite ingredients ddifgnificantly in mean particle size.
Homogeneity may be achieved in various ways.

Agglomeration

Agglomeration consists of lightly wetting the surfaceeath constituent particle with an
adsorbedfilm of water sufficient tacausethe particles tadhereto one another in agglome-
rates which, after drying in hot air, form porous granuleat tmix with water without
clumping. The principle is applied in the makingcofiscous;instant" skim milk powder,
and dried coffee.

Extrusion

Probably the simplest and cheapest method of combiningosite mixtures of cereal and
legume flours is by low-pressure extrusion, the procesei uo fabricate pasta products.
The composites are mixed with water to form a dough sigffidy stiff to be extruded, or
sheeted and cut, before low-temperature drying. The distapmay be stored as-is or
ground and screened to a prescribed particle size range.

More complex and largely empirical in operation and coh#am@ the extruder-cookers
which may, among a variety of designs, be high-pressuteudgrs that form pre-
gelatinized mixtures into pellets that can be dried, puffedtoasted; low- or high-shear
cooking extruders, the latter used to produce precogkeducts in which the physical
properties are altered to become "texturized" (Hulse 198doducts of this kind are often
referred to as meat analogues since they are largely peadérom extruded vegetable
(most often soybean) protein and, during processing, maydmverted to materials
flavored and textured to resemble cooked animal produkéxtured vegetable proteins
result from what is described as 'protein plasticizatitime,precise biochemical nature of
which is yet to be fully described. It has been suggestedthigaextrusion process brings
about molecular disruption followed by reaggregation antérimolecular peptide bonding
into fibrillar configurations.

Extrusion can accommodate predetermined mixtures that meayniformly blended,
and wholly or partially cooked into various forms and tegturThe technology is more
easily understood and controlled when applied to chemjcsyhthesized plastics. Mix-
tures of cereal and legume flours are unpredictably bi@lalgy reactive, non-Newtonian,
with visco-elastic properties that can change rapidiyigth pressure, high rates of shear,
and rapid temperature rise. Consequently, product andepsodevelopment and control
are essentially empirical. The extruders available c@roially vary in complexity, the
more elaborate combining more processing variables tlmanbe controlled by simple
mathematical computations.

Steam texturization makes use of steam at high pressueeprtitessed legume flour or
protein being charged and fired from a rotating valve inbaerel from which the textured
product is discharged.

Recently a little-publicized very high temperature, higiessure, short-dwell time
(about 7 sec) extruder has been developed in Canada that@zess dry whole grains into
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fully cooked uniform granules. At present the inventorsl @me manufacturing company
are not disclosing details but it is expected that machimell soon be commercially
available.

Protein Concentration

While efficient dehulling results in a modest proportibriacrease in protein content,
significant protein shifts require more elaborate psses. Wet separation in its simplest
form consists of fine-grinding the dehusked legume, tlairflbeing slurried in alkaline
water before centrifuging to yield a high protein supeanttand precipitated starch. The
protein can be recovered by spray or drum drying.

Legume protein concentrates containing 60-70% proteinpaoeluced by removal of
most of the soluble carbohydrate. Alternative solventduide:

1) Hot water(70-90°C) at pH 5.5-7.5.

2) Food grade acid at pH 4.5, close to the iso-electric tpoin

3) Agqueous ethanol (Ethanol:water 70/30 vol/vol).

Legume protein isolates (90% protein) are made by extngosiith dilute alkali at about
50°C. Insoluble carbohydrate and other material is ciuged and the dissolved protein
precipitated by food grade acid at the iso-electric pHe Tilquid fraction is comparable to
the whey produced when casein is precipitated from liquitkmThe dissolved protein
may be reprecipitated with alkali and extruded throughitexspinnerets into filaments
which, after stretching and weaving into a tow, can be teduflavored, and colored to
resemble meat or fish.

Protein Concentration by Air Classification

The structures of legume cotyledons are conducive to pratencentration by fine grind-
ing and air classification. The starch granules in wheagearom 2 to 45 microns, in pearl
millet from 8 to 25, in sorghum from 5 to 30, and barley fréarto 35 microns. In contrast
starch granule size in common bean ranges from 30 to 50 nscrand in faba bean from
20 to 40 microns. The starch granules are embedded in axntprotein, the latter being
shattered into fine fragments by fine grinding. Fine gliimg is best achieved by high-speed
shearing in a pimill in which two setsof intermeshing pins counter-rotate at different
rotary velocities. Because of their larger size and monéorm shape, starch granules in
legumes become detached and are more readily separatedth® protein fragments by
air classification.

In an air classifier, a centrifugal force is opposed by dregetal air-drag, the two being
so counterbalanced as to cause separation of the particbesdang to their effective mass.
Youngs (1975), Sosulski and Youngs (1979), and Tyler etl®81) report the air classifica-
tion of pin mill ground floursfrom peas,mung beans entils, navybeansJima beans,and
cowpeas. They obtained yields—varying between 20 and 30tteoifhitial flour—of high
protein fractions ranging in protein content from 49 to 75Phe technique is of both
commercial and laboratory interest since the separadomade in the dry state and with
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least likelihood of biochemical change in the starch aratgin. It is a technique that, if
applied in the laboratory, should enable research scisnistter to appreciate the func-
tional properties of these important legume components,uaderstanding essential if
present and future genotypes are to be utilized and predeissthe most advantageous
manner.

Legume Products

There are many other products derived from legume protemtentration and processing.
Though most reported are derived from soybean protemtdbhnologies are adaptable to
other legumes. Hydrolized vegetable protein, manufaatunainly from soybean meal by
treatment with HC1 or fungal protease, could be producedfother legumes. Equally,

air-classified legume protein could be texturized alonenaomposites with other ingre-

dients. What is necessary is to determine the culinaggnemic, and biochemical advan-
tages of particular legumes and their constituent coraptsin comparison with other raw

materials used in food manufactures, and in what mannenregproperties can be most
beneficially modified.

Future Research

There are two extreme ends to the spectrum of food proderc¢lopment. The first and
most widely employed, begins with a domestic traditigmalduct. Means of producing the
product, and variations upon it, on an industrial scadedvised. Variations may include
replacing traditional ingredients with biochemicallypdrysico-chemically similar alterna-
tives, or by adding substances that either improve stghilinutritional quality orincorpo-
rate some other desirable property. The extreme altemasi to begin with an intensive
examination of the fundamental inherent properties pddicular raw material. In the case
of a legume this necessitates the microscopic examinatif the physical structure, a
process facilitated by scanning electron microscopy,oiwd by the nondestructive frac-
tionation of the principal components in order to assesspittentially useful functional
properties of each in comparison with related substancgsractical use. The emphasis
must be upon desirable functional properties sincehepast, much time and effort has
been devoted to chemical analyses and nutritional etiahm that either served little
practical purpose or the results of which were predi@alin how many occasions has it
been demonstrated that the addition of a legume or siinthgesine to a cereal diet will
cause rats to gain weight more quickly?

With the exception of soybean and groundnut, legumes remmaiarge part crops for
simple household use. There is comparatively little fqodcessing of chickpea and
pigeonpea. Only imaginative and coordinated researchhgrboochemists, food scientists,
and plantbreederswill change this image and imbdeod legumeswith the importance
their properties deserve. The future calls for imaginatimestment and coordination in
sustainable postproduction systems. However, experieniggests, that sustainable pro-
gresswill not be realized if research and development is confineacademic institutions
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and government laboratories. The early involvement of fined processing industry,
whether private or parastatal, is essential, particularlgnarket research and development
and in establishing realistic standards of product gyaind process control. For the most
part, the food processing sector has remained at arm'shefngm international agri-
cultural research. If the crop types elaborated by the CARare to be fully utilized in
improving the quality and variety of human diets, and inegating employment in the
food processing sectors, the interest and involvememtdistry is essential. How best to
stimulate effective cooperation between agriculturaleasesh and the food processing
industries is a subject deserving more imaginative sthdy tit has received.
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Production Aspects and Prospects of Chickpea

H. A. van Rheened

Abstract. Chickpea is a self-pollinating pulse crop that has been cultivate
for more than 7000 vyears. Its crop history and uses are discussed. Spec
agronomic and crop protection requirements, together with crop improveme
aspects are briefly described. The total area under chickpea and total produ
tion have shown littte change over the last 20 years. Chickpea is a cool-sea
sub-tropical legume often grown on residual moisture. This imposes cert:
restrictions on its agroclimatic adaptation. Production can expand considere
bly if certain conditions are met.

Introduction

This paper aims to give a brief summary of the main aspeatbiokpea production, and

to describe the crop's prospects. It presents generalnrdtion and not detailed research
results. The review is based on the following refereneast der Maesen 1972; Russell
1985; Summerfield and Roberts 1985; Saxena and Singh; 28nhmerfield 1988; these

are not mentioned again in the text. Three special useBiokpea are highlighted which

would otherwise not receive much attention.

Chickpea is a crop with an ancient history, and has beewgia West Asia and the
Indian sub-continent for many millennia. The oldest chigkfinds are from excavations at
Hacilar near Burdur in Turkey, and they were estimated bycHréon-dating method to
date from about 5450 B.C. Thefirstwritten record is in Ko lliad of around 900 B.C.,
where the Greek hero Menelaos is being shot at with artbatsbounce off his breast-
plate like "chickpeas thrown up by the winnower". It is bgBd that the Hellenes took the
crop westwards from Turkey to the Mediterranean region, eastwards to West Asia and
the Indian subcontinent. There is no mention of chickpeahie Bible, though lentil
features in the book of Genesis. The Greeks, Phoeniciarts Reamans helped to spread
chickpeacultivation through the Mediterranean coumstriecluding northern Africa; more
recently, Asian immigrants acquainted several eastemicAfh countries with the crop
during the 19th Century. Ethiopia, long a center of trads, d&anuch longer history of
chickpea use. The New World saw the crop introduced by i8pms and Portuguese
merchants, while Asian settlers added new varieties,l&ie instance in the West Indies. A
spectacular expansion of chickpea production took piackustralia, where from 1985 to
1987 the area increased from 8000 to 71000 ha, accordinget&dbd and Agriculture

1. Principal Plant Breeder, Legumes Program, Internati@raps Research Institute for the Semi-Arid Tropics
(ICRISAT), Patancheru, A.P. 502 324, India.

ICRISAT (International Crops Research Institute for then8-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 W89, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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Table 1. Chickpea area, production, and productivity in the world from 1961-65 to 1983-87.

Area Production Yield
Year ('000 ha) ('000 mt) (kg ha')
1961-65 11863 7042 594
1969-71 9933 6508 655
1974-76 10144 6245 616
1979-81 9530 5971 624
1983-87 9888 6908 698

Source : FAO Production Yearbook 1961-1987 (FAO 1962-1988)

Organization (FAQO) Production Yearbook 1987. The presetdl world area under chick-
pea is roughly 10 million ha.

Table 1 shows that area, production and yield of chickpea hat changed much over
the past 20 years. It is different for a crop like soybeamh(FL987), where commercial
interest plays an important role. However,wvaf be discussedchangesare anticipated in
the future.

Uses of Chickpea

There is a wide variety of chickpea usage, including thbsé &re rather unusual. The
chickpea plant produces acid exudates, which are occadyonsed for medicinal and

other purposes. One method of capturing the acid is by djprgacloth over the plants

early in the morning, and wringing out the liquid it absorbkis liquid is used to make a

popular and refreshing drink, loved by children. When chik seeds are rather soft and
still immature, their taste is characteristic, slightlyegtish, and pleasing to many con-
sumers. Such seeds are eaten green, e.g., in India, Ethi@pdaTurkey, where it is not

uncommon to see young and old walk or cycle the streets wrtall bundles of plants,

from which the fresh seeds are eaten. In the USA and weEterope chickpea was largely
unknown until rather recently, when it was probably introdd through health-food stores,
and then became increasingly popular. Chickpeas soak®itedy and prepared with a

variety of ingredients such as salt, pepper, and lemonyrfegrominently in the menus of

salad bars.

Types of Chickpea

Chickpea, like groundnut and unlike pigeonpea, is apelfinating crop with a negligible
percentage of outcrossing (van Rheenen, in press). Thisnportant for its breeding
methodology. Most breeders follow the pedigree methbd,kulk population breeding
method, or a combination of the two, with possible modifions to suit local conditions.
The backcross method is also used to transfer desirabracers from a donor parent into
a popular cultivar. Although the advantages of populatimprovement techniques and
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recurrent selection schemes have been stressed (Gal@&is lensen 1978), they are not
widely used for chickpea or soybean (Fehr 1987).

We distinguish two different chickpea types; kabuli amskid Kabulis have white
flowers, no anthocyanin in the aerial plant parts, andtregély large seeds with athin testa.
Desis usually have purple flowers, anthocyanin pigmentain the stem and leaves, and
relatively small, wrinkled seeds with thick seed coats. lovgth habit chickpea plants can
be upright, semi-upright, and even spreading, like creep€hey may be more than a
meter tall, but can also be as short as 10 cm.

Appropriate agronomic practices are important if optimyialds are to be obtained.
Recommended agronomic packages vary from place to ptage,at ICRISAT Center we
sow on broadbeds or ridges, keeping the row distance a&nB@nd spacing the seeds 10
cm apart in the row. But the recommended practice in the efaMaharashtra, India, is to
drill seedon theflat at a rate of 65 kg ha No fertilizer needsto be applied on the black
Vertisols of ICRISAT Center, but in Maharashtra, 100 kgndi@onium phosphate (DAP)
ha is recommended.

Irrigation can double the yield in peninsular India but igthter latitudes, for instance in
the state of Haryana, India, its effect is less favorable.

Stresses that affect Chickpea

The chickpea crop often faces biotic or abiotic stresshschv differ from zone to zone
(Table 2).

Abiotic Stresses

Chickpea is often referred to as a cool-season subtropegainhe, but much of the crop is
grown in the tropics, where at times during the growth eyehfavorably high tempera-
tures are encountered. This can be a major factor in yieldctezh (Baldev 1987, personal
communication). As the crop is often grown on residual stuxie, the high temperatures
aggravate the drought stress.

Biotic Stresses

More than 50 pathogens have been reported to affect chackpd only a few devastate the
crop. The most important are ascochyta blight, fusariumt,vdry root rot, collar rot, stunt,
botrytis gray mold, and black root rot.

These stress factors are very important to breedetbes affect the yield stability of
the crop; by breeding for stress resistance, a more fdeliabop performance can be
expected. Except for collar rot, resistance sources baea identified for all the diseases
mentioned. However, for botrytis gray mold and ascochytghi, the resistance is not
strong, and a severe epidemic can cause considerable danihg inheritance of resis-
tance to fusarium wilt has been studied in detail. Threegykaee been identified that can,
in any homozygous combination of two, convey resistanca pdant. Genetic studies on
the resistance to ascochyta blight have attributedttiaii$ also to a small number of genes.
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Table 2. Desirable characters for chickpeas in different zones of the world and their priorities.

Zones (%atitude)

A B C D

Desirable characters 0-20 20-25 25-30 30-45

Stable, high yield + + + +

Good seed quality + + + +

Resistance to stresses

Biodc
Fusarium wilt 2-1 2-1 2-1 3
Ascochyta blight - - 6! 1
Botrytis gray mold 5 3 -

Root rots 3 3 5 4
Stunt 4 4 4 5
Helicoverpa 1-2 1-2 1-2 6
Leaf miner - - - 2
Nematodes ? ? 7? 7?

Abiotic Spring Winter
Drought 1 1 1 1 -
Salinity 3 3 2 -
Excessive moisture 4 5 2
High temp. 2 2 4 2 -
Low temp. - 3 - 1

1 : in case of epidemics, the crop damage is severe.
+ : required.

- : not required.

?= uncertain.

There is only one report on the inheritance of dry root raistance, and the data
presented support the hypothesis that it is monogenicrida&ao and Haware 1987). For
the other major diseases, genetic data are lacking.

Future Prospects

It is likely that the production of chickpea will consiably expand in future. There are
two main factorsonwhichthis depends; oneis productiwiogh in respect of stability and
potential yield level, and the other is demand. Yield sigpbidepends on the efforts made to
remove or alleviate the effects of stress conditions in Whhe crop improvement disci-
plinesofagronomy, breeding, entomology, pathology, poilpgy, and biotechnology are
all involved. In this respect we may be optimistic, as we mlag be about yield levels,
which need continued attention from breeders and phygists.

On the demand side, we observe that the large Asian market é&asy to saturate. The
European and American markets can considerably expancaottsumption of chick-
pea—already a popular ingredient of salads—is likely todase. The demand for the
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very many snacks that can be made from chickpea will increasif these are popularized.
And finally, novel uses of chickpea, be it in the processenldd industry or in new recipes,
could enhance the prospects of this lovable legume.
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Legume Consumption and its Implication on the
Nutritional Status of the Population in India

N. Pralhad Rao and J. Gowrinath Sastry

Abstract. Food legumes, though secondary to cereals in terms of productic
and consumption, play an important role in both crop production systems ai
human nutrition. They form an important component of the diets of people
many developing countries of Asia and Africa. In recent years food consum
tion trends in India indicate an increase in consumption of cereals, but tt
overall average daily consumption level of pulses has remained almost static
around 30 g per consumption unit.

These consumption trends reflect the production pattern of cereals a
pulses during the past 20 years in India. Agricultural statistics indicate the
pulse production has been either stagnant or declining during the 1970s a
early 1980s, while cereal production has registered a dramatic increase.

Notwithstanding the nutritional benefits that pulses confer on an otherwis
predominantly  cereal-based diet, and also the agronomic advantages tt
legume crops lend to the production system, neither their output nor consun
tion levels have improved. Nutrition experts recommend that the ratio of pr
tein derived from cereal to that obtained from pulse in the diet should &
around 5:1 if the diet is to be balanced in terms of protein quality. Foor
consumption data obtained from about 20 000 rural and 8 000 urban hous
holds from 10 Indian states indicated that pulse consumption not only shows
clearcut socio-economic gradient, but also exhibits a distorted pattern in rel¢
tion to cereal consumption. This distortion becomes serious under scarc
conditions, as evidenced during the drought of 1987.

Introduction

Pulses, which belong to the family of grain legumes ertjoe distinction of being protein-
rich foods, and form an important constituent of the dadtpeople living in the developing
countries of Africa and Asia. Incidentally, these coiedralso have the distinction of
producing most, if not all, of the food legumes grown ie thorld. Yet the consumption
levels in these countries are below the minimum nutnigdilorequirement recommended by
nutrition experts. India is no exception, not withstarglits largely vegetarian population,

1. Deputy Director and Assistant Director, National Itsté of Nutrition, Indian Council of Medical Research,
Jamai Osmania, Hyderabad 500 007, A.P., India.

ICRISAT (International Crops Research Institute foretSemi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants’ Meeting, 27-30 VB89, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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for whom consumption of animal foods is taboo. This papesents the consumptior
pattern of pulses in India, as reported by the National Niwm Monitoring Bureau
(NNMB). Quantitative data on food consumption is not sgyda obtain for pulses, which
are consumed in a variety of dishes. Hence, it is consideppdopriate to describe the
background of theNNMB, and the method used tssesdood consumption.

National Nutrition Monitoring Bureau (NNMB)

The NNMB was established in 1972/73 by the Indian Council ofdMal Research
(ICMR), under the aegis of the National Institute of Ntitwh (NIN), Hyderabad, to collect
and compile data on the diet and nutritional status (chEhind anthropometric) of repre-
sentative population groups. The Bureau has establid¢f@ecegional units, one each in the
states of Andhra Pradesh, Gujarat, Karnataka, Kerala, Mad®Rradesh, Maharashtra
Orissa, Tamil Nadu, Uttar Pradesh, and West Bengal. Datacalected by a team
consisting of a trained medical officer and a nutritionigith the help of an auxiliary in
each state, according to a standard protocol (Nationaltinstof Nutrition 1972).

The Central Reference Laboratory (CRL) at NIN is respmesfor data management,
processing, interpretation, and reporting, in additiotrtaning investigators.

Every year, the CRL receives diet-survey data from 500 rboakeholds and 250 urbar
households, from each of the 10 NNMB states. The rural sammpkach state is selectec
from four districts, drawn on the basis of socioeconomicetigpment criteria, while the
urban sample of 250 households consists of 50 householéstegl from each of five
distinct socioeconomic groups; the High Income Group (HI®iddle Income Group
(MIG), the Low Income Group (LIG) of white-collar workgrindustrial Labor (IL), and
Slum Dwellers (SD).

In 80% of the rural households, food consumption is assdpgdtie 1-day weighment
method of diet survey, where the investigators actuallygleill the raw food cooked and
eaten by the family on that day. In the remaining 20% of thesébolds, intra-family
distribution of food is assessed using the 24-h recall dievey method. In the urban
surveys, 40% of the households of each socioeconomic pgrane covered by 3-day
weighment diet surveys, and in the remaining 60%, an oredltenethod is adopted.

The total raw amount of each food item consumed by the farnslgonverted into
nutrients using the Food Composition Tables of Indian Fd@ispalan et al. 1971a). Thest
intakes of foods and nutrients are expressed on the basiensumption unit (CU) using
calorie-coefficient factors recommended by the Indian @aml of Medical Research
(ICMR) for the Indian population. It may be noted that cadeconsumption coefficients
take into consideration the age, sex, and the physiolbgicd occupational status of all the
members of the family who eat the food on the day of the surVeg intakes of foodstuffs
are compared with those suggested by the ICMR Expert Comenifor Balanced Diets,
and the intake of nutrients is compared against RecommeDosdry Allowances (RDAS)
(Indian Council of Medical Research 1980).
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Dietary Pattern

The average levels of consumption of various food items, including pulses, and the differ-
ent nutrients derived from them for the rural and urban population groups, are given in
Tables 1 and 2. The intake levels of different types of pulses and their relative consumption
in different socioeconomic groups are indicated in Figure 1.

Table 1. Average intake of foodstuffs (g cu’ day’') in different urban and rural groups of India.

Roots Fats Sugar
Socioeconomic Leafy Other and and and
group Cereals Pulses vegetables vegetables tubers Milk oil jaggery
Urban
High income group 316 57 21 113 82 424 46 34
Middle income group 361 49 21 89 78 250 35 31
Low income group 428 42 16 55 66 95 22 28
Industrial labor 420 41 13 56 67 98 23 29
Slum dwellers 416 33 11 40 70 42 13 20
Rural
All groups 522 37 13 58 51 90 12 23
Balanced diet' 460 40 40 60 50 150 40 80

1. Least cost balanced diet recommended by 1CMR (1981) for adult sedentary male.

Source : National Nutrition Monitoring Bureau Urban Survey Report (1984).

Table 2. Average intake of nutrients (g cu™ day’’) in different urban and rural groups in India.

Vitamin
A Thia- Ribo- Vitamin

Socioeconomic Protein Energy Calcium Iron retinol mine flavin Niacin C
group (9) (MJ) (mg)  (mg)  (ug) (mg) (mg) (mg)  (mg)
Urban

High income group 73 10.89 1121 27 881 1.5 1.5 15 98
Middle income group 63 9.89 821 27 555 1.3 1.1 15 70
Low income group 58 9.33 595 27 332 1.3 0.9 15 50
Industrial labor 59 9.38 548 26 352 1.4 0.9 16 47
Slum dwellers 53 8.40 492 25 248 1.3 0.8 15 40
Rural

All groups 62 9.90 576 31 270 1.4 0.9 16 40
RDA 55 10.04 400-500 24 750 1.2 1.4 16 40

RDA : Recommended Dietary Allowances (ICMR 1981).

Source : National Nutrition Monitoring Bureau (1984) Urban Survey Report.
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(Recommended intake: 40 g CU™* day™)
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Figure 1. Mean pulse intakes (g CU ! day™' ) in different socioeconomic

in India.
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Food Consumption

1. Cereals i.e., rice, wheat, and millets are staple domud constitute the bulk of the
foods consumed by the population. Their consumptionwase in the rural house-
holds than the urban population groups.

2. Consumption levels of income-elastic, protein-richd grotective foods such as
pulses, milk, vegetables, flesh foods, fats, and oils weueh lower in LIG house-
holds than in those of HIGs.

3. Among the varieties of pulses consumed, pigeonpea drath ortuar), chickpea
(Bengal gram orchana dhal),and black gramurd) were quite common. Of all the
types, pigeonpea was the most favored pulse by all themeogroups. The share of
other less common pulses, such as horse gtarnthi), Lathyrus kesari dha) and
lentil tended to be higher in the rural households.

Nutrient Intakes

Nutrient intakes showed a positive relationship with secomomic status. Intakes of all
nutrients were higher among the HIG, while the lowesiket were seen in SD. The LIG
and IL groups showed more or less similar levels of intakel, @lways trailed behind the
MI1G group, which in turn followed the HIG group. Comparedhe levels recommended
by the ICMR Expert Committee on RDA (1981), the daily persuomption unit intakes of
protein were adequate (above 55 g) in all the urban socimesic and rural groups, except
SD for whom there was a marginal deficit. The averageydkVels of energy intake,
however, fell short of RDA (10 megajoules) in all the groepsept the HIG. The extent of
deficit in the LIG and the IL group was around 10%, and inghem population it was
about 20%. Intake levels of minerals, such as calcium and, iemd vitamins, such as
thiamine, niacin, and vitamin C were satisfactory in all #ocioeconomic groups. How-
ever, intakes of vitamin A and riboflavin were above theRIBvels only inthe HIG. They
showed increasing levels ofdeficitinthe MIG, IL, LI1G, alland SD groups in that order.

Protein Quality of the Diet

Apart from the gquantitative aspects of consumption, thaliqy of food consumed is of
great importance to health and nutrition. Nutrition expestiggest that in order to be
wholesome and nutritionally adequate, the diet has to Banbad. It should contain
various types of such foods as cereals, pulses, vegstatdets, and tubers, not only in
adequate guantities but also in the right proportions. TB®MR has formulated nutri-
tionally balanced diets for an average Indian, the carstits of which are indicated in
Table 1.

According to the Expert Committee the ratio of the protémived from the cereals to
that obtained from pulses should be between 4:1 or 5:1 (Ei@Q, so that the protein
guality of the diet is not compromised. It may be noted thatidn diets provide, on an
average, adequate quantities of protein, as suggestedifsition experts.
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The traditional practice of consuming pulses along wité staple food prevalent in the
country is thus scientifically sound. However, the qutds$ of pulses consumed, partic-
ularly in relation to cereals, by the households of lowszi@economic groups in the rural
and urban areas leave much to be desired. Their averageesntre not only below the
community averages, but also below the prescribed levekhéniCMR's 'balanced diets'
for an average Indian. Figure 2 clearly depicts the maleoydion pattern of pulses: the
HIG and the MIG consuming relatively more than the suggegtegortion of pulses, the
worst off being the rural households and slum dwellerso(Rtal. 1986).

Urban

High
income

Middle
income

Low
income

Industrial
laborers

Slum
dwellers

Rural

Pulse intake g 100§ of cereal intake

&\\\\\\\\\\\\\I\\“

77

DM

Suggested level
in balanced diet

Figure 2. Ratio of pulse to cereal intake in diets of diffenet socioeconomic groups.
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Table 3. Rural: Average pulse intakes (g cu * day™) according to income in India.

Income (Rs caput™ day™)

State <1 12 2-3 3-5 5-10 >10 Pooled
Andhra Pradesh 19 20 28 33 37 33 24
Gujarat 21 26 30 33 41 50 28
45 50 51 55 56 53 45
Kerala 6 7 14 21 25 31 12
Madhya Pradesh 28 39 51 52 50 89 43
Maharashtra 28 34 43 50 49 37 34
Orissa 27 34 50 54 57 66 35
Tamil Nadu 18 26 37 41 45 68 33
Uttar Pradesh 31 39 48 58 62 42 39
West Bengal 14 20 27 33 26 DNA* 19

1. DNA - Data not available.

Pulse Intake and Income Status

The mean intake levels of pulses according to income sstatudifferent states of the
country are given in Table 3. The linear relationship betwper capita consumption and
income is indicated by the regression equation:

y = 29.98 + 3.39 x
Where y = pulse intake (g ¢uday?), and

X = Income (Rs cu day?)

Table 3 indicates the positive relationship between oorgion and income, and high-
lights wide inter-state variations in pulse consumptiohe Towest daily consumption of 12
g was seen in Kerala, while the highest level of 45 g was #&eefarnataka closely
followed by Madhya Pradesh. The data also seem to corrabdha observation that the
higher pulse-consuming states are also the larger pulsguping states, notably Madhya
Pradesh and Karnataka, and the adjoining states that Vestetracts of semi-arid and
nonirrigated crop lands.

Trends in Consumption

Pulse consumption figures during the past several decadeailable from reports of
nutrition surveys carried out in the states, suggestop dn consumption during the 1970s
as compared to earlier decades (Gopalan et al. 1971b)rétegant to note in this context
that during the mid and later half of the 1970s the enamgytent of the diets of rural
populations surveyed by the NNMB showed an increasé@forder of about 140 Kc#l
caput' d*. This increase in energy was mainly due to the increas@é intake levels of
cereals, rather than pulses and other foods (Pralhad RacGamdinath Sastry 1986).
Hence, the expected result was a higher ratio of cereglalses, reflecting diets relatively
inferior in protein quality.
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Table 4. Average consumption * of cereals and pulses (g cu * day™) during drought of 1987, in India.

Cereals Pulses

State During drought Pre-drought During drought Pre-drought
Andhra Pradesh 505 560 12 23
Gujarat 494 430 17 28
Karnataka 550 701 27 54
Madhya Pradesh 448 470 35 50
Orissa 488 566 28 32
Rajasthan 450 494 DNA DNA
Tamil Nadu 475 511 25 27

1. Intakes during prcdrought period are as per NationaliNatr Monitoring Bureau Surveys and data of Rajasthan ateated
by Food and Nutrition Board.
DNA : Data not available.

The results of diet surveys conducted in areas severédgtafl by the 1987 drought of
Andhra Pradesh, Karnataka, Orissa, Madhya Pradesh, Gujana Rajasthan (Table 4)
showed, as expected, that the intakes of pulses fell not below the usual (pre-drought)
levels, but also far below RDA. This drastic drop (7-50%) eamsumption of pulses was
accompanied by a marginal (7-14%) reduction in cereabmk to the availability of food-
stocks and the public distribution network. This was cantrto observations made during
the earlier droughts of the 1960s and early 1970s whenumop8on of both pulses and
cereals dropped drastically. The net effect of the curdgought in four out of the seven
states surveyed was that the average protein intake wsghHan RDA (55 g), and the ratios
of cereals to pulses were higher than usual, indicatingaatifative as well as a qualitative
deterioration in the diet in terms of protein content andliy.

Conclusions

Pulses, which belong to the protein-rich group of vegetdbbds, are particularly rich in
the amino acid, lysine. Hence, their regular inclusioncémeal-based diets, a practice in
vogue in India, is nutritionally desirable, as it plays a ptementary role in maintaining
the protein quality of Indian diets. But the low levels ofitrmnsumption by the rural and
urban poor, and low income groups whose diets are chaiaeteby excessive cereals,
can be expected to result in qualitatively inferior diets,the ratio of cereal protein to
pulse protein is bound to be unfavorable.

Per capita consumption declined, with the production tsesfbulses remaining almost
static over the past two decades. In contrast, with inctegseduction of cereals as a
consequence of the Green Revolution, the availability amg@saemption of cereals have
increased. The net effect of these contrasting trends adymtion and consumption of
these two important foodgrains, is likely to compromise phetein quality of the diets of
the poor. Hence, improvement in the production and proditgtiof pulses through a
package of innovative agricultural practices and pricepsuppolicies seems to hold the
key to staving off the impending crisis of pulses, the "Gralla" of vegetarian diets.
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Utilization of Chickpea in India and Scope for Novel
and Alternative Uses

P. Geervant

Abstract.  Among the legumes consumed in India, chickpea is the most \
satile, being used for main meals, savory snacks, and sweets. This is chiefly
to its flavor. Chickpea flour is fine and cooks quickly. Technology for develc
ing ready-to-eat foods, biscuits, cookies, fermented foods, and soup-m
using chickpea flour could provide alternative uses for chickpea.

Puffing is a well-accepted process for chickpea, but simple and easy
operate puffing units need to be developed. Ready-torose flour mixtures,
made by combining different millet flours with chickpea flow of good stora
quality, would contribute significantly to balancing diets in areas where mille
are staple foods. The effects of different crop species on chickpea pro
utilization should be investigated. Less digestible starch formation in differ
varieties of chickpea during processing is another area for research. T
therapeutic value of chickpea, in its hypoglycemic and hypocholesteremic
fects, is of nutritional interest. Data on trends in consumption are needed
plan future research. As green chickpea seeds cook in less time, and col
higher amounts of B vitamins than dried or processed chickpea, the cha
teristics of vegetable chickpeas' nutrient composition should receive attent
Areas related to consumption and utilization need collaborative efforts
research institutes and home science faculties.

Introduction

Chickpea, commonly called Bengal gram, is India's mogtdartant pulse crop, and India
is its leading producer. Two best known types of chickpeaskabuli and desi. The kabuli
type is characterized by light-colored seeds with a thiskhwhile desi seeds are often
dark yellow-brown, with thicker husks and a rough surfaChickpeas are consumed as
whole dehulled grain, sprouted grain, immature pods, neagreen seed, or athal and
flour. Both the grain and the flour are further processed several types of products.

Chickpea is popular with all sections of the Indian p@tidn because of its taste and
flavor. It is used in main meals, in snack foods, and asngnedient in the preparation of
special foods.

1. Dean, College of Home Science, Andhra Pradesh Agrioalt University, Rajendranagar, Hyderabad 500 030
Andhra Pradesh, India.

ICRISAT (International Crops Research Institute for tBemi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 B89, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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Consumption

There is very little information on per capita chickpea aomption in India, but the
consumption of pulses as a whole has shown a decliningltie the past few years. Two
important reasons for this decline are the cost and abdity of legumes. During the
production season vegetable legumes—particularly inumeatgreen seeds of chickpea—
are consumed in areas where they are cultivated, butrirdtion on how much is con-
sumed in different parts of the country is lacking.

Pushpamma and Chittemma Rao (1981) indicated that inhAmdradesh the frequency
of chickpea consumption is mainly in the form of flour adithl. Several low-cost snack
foods now sold both in urban and rural markets are prepaitld chickpea flour. Hence, if
data on frequency of consumption of ready-to-eat praglwétchickpea flour are collected,
a more realistic estimate of overall consumption can laglen

Nutrient Composition

Chickpea is a good source of carbohydrates and proteinschviogether constitute about
80% of the total dry seed mass. The starch contents ofkpb& cultivars have been
reported to vary from 41% to 50%. The kabuli type contaimsre soluble sugars (Jam-
bunathan and Singh 1980). The unavailable carbohydraterbis higher in chickpea than
in other legumes (Kamath and Belavady 1980), and chiclqghohydrate has a lower
digestibility than that of other pulses (Rao 1969; Sklegar et al. 1979).

The crude protein content of chickpea varies from 12.4 1%. Chickpeas contain
about 6% fat that is important in the vegetarian diets eduece-poor consumers. The fiber
components of kabuli and desi varieties differ quanitviely and qualitatively (Singh
1985).

Chickpea contains nutritionally important minerals, aldy calcium and iron, and the
availability of iron is reported to be good (Murthy dt 4985). Immature green chickpea
seeds are reported to contain 2.2 mg thiamine (100ag)d 1 mg riboflavin (100 g3, while
physiologically mature seeds contain 2.7 mg thiamir@(§)* and 0.7 mg riboflavin (100
g)* (Geervani and Umadevi 1989).

Fermentation improves the protein quality of chickpeasuth products aslhokla, by
increasing the levels of limiting amino acids (Zamora &ields 1979a), and thiamine and
riboflavin, the two important B-vitamins which are udlyanot consumed in adequate
amounts to meet daily requirements in India (Aliya @&elervani 1981).

Processing

Primary processing refers to dehusking of the grainitgpg it into dhal, and grinding it
into flour, secondary processing refers to treatmeniiscw convert thedhal and flour into
acceptable, edible products. The primary processes dogreatly influence the nutrient
composition or acceptability of the product. Secondamycpssing varies widely according
to different user groups, e.g., soaking legume seeds inkaiime solution was reported by
some users to increase the water uptakedtdl during cooking and decrease cooking
time, while increasing dispersion of solids (Chavarakt1983).
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Processing time, temperature, and moisture level are thm@ortant factors that influ-
ence the nutritional quality of chickpea products. Mdisat methods are better than dry
heat methods (Geervani and Theophilus 1980). Processintpiger than 10 min above
120°C is reported to cause considerable damage to pso{@ama Rao 1974).

The secondary processing dhal may involve dry or moist heating, i.e., roasting
boiling, steaming, and frying. Secondary processing ofkgéa flour involves its conver-
sion into batter, which is fried, or fermenting batter,iethis steamed. By controlling the
proportion of water to flour in a batter, fried productsvafied texture can be prepared.

Puffing chickpeas, a secondary process, is a cottagestndin India. The following
procedures have been suggested to maximize puffing (Rratad Kurien 1986):

* Use seed with an initial moisture content of around 7-8%

» roast the grain with sand at 170°C for 75 sec;

» temper the grain for about 90 min until it reaches a mwées content of 4.9%;
» dip the grain in water for 5 sec to absorb about 0.5% tamithl moisture;

« puffthe grain by heating in sand at 230°C for 30 sec; and

» pass the grain between a roller and a hot plate to deqmgdksplit it

The bulk volume of the grain increases two-fold by puffiggmple, easily manageable
puffing equipment needs to be developed, as puffing iscaepable process, and puffec
grain is of good nutritional quality. Roasting reducesliysne availability by 12.3% and
puffing further reduces it by 13.8%. Puffing is better thamasting in terms of in vitro
digestibility of protein, storage stability of lipidsnd in improving the texture of the
product (Murthy and Urs 1980).

Sprouting legumes is a traditional practice, but needsidrdization for large-scale
production, and to obtain a desirable level of germinatideep frying and boiling are also
common methods of processing chickpea for direct consiompt

There is very little information on the nutritional impétion of cooking chickpea flour
products. Further research is needed in this area. Comgectiickpea intalhal and flour
saves cooking time, particularly in the preparation afpsoand gravies. Sometimes evel
puffed chickpeas are ground into flour and cooked. Rangiditanges are common and
more severe in flour than in whole seeds ahdl. Studies on preventing rancidity in flour
for improved shelf-life need to be undertaken becauser flms the potential for several
alternative uses.

Alternative Uses of Chickpea
Roti/FlourMixes

In population groups where cereals are the staple foodgsaable level of legumes neec
to be consumed to maintain a good balance of essential caradcids in the diet. A
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proportion of 5:1 in cereal-pulse combinations is consédedesirable (Khalil and
Chughtai 1984). This is one area that offers good scopalfernative uses of chickpea. If
appropriate flour blends are developed, they can be usq@tdduce nutritionally well-
balanced food, cookies, biscuits, snacks, and flat brelabtsur products take less time to
cook and are convenient to use. Cultivars of chickpea d@hatnot acceptable as whole
grain because of their physical characteristics can be usadch blends. Several protein
foods based on blends of cereal, chickpea, soyabean, sathedn different proportions
have been developed and tested (Guttikar et al. 1965).-t@mst weaning foods containing
chickpea flour, have been developed and found effectivedmpting growth in preschool
children (Desai et al. 1970). When a 4:1 mixture of precoogkidtkpea and defatted
powdered milk (80+20) supplemented with methionine waslus feed infants, they grew
normally without any gastrointestinal disturbance (Bag} al. 1974). The complementary
value of chickpea to cereals has been investigated atrdiftdevels. An addition of 20%
chickpea flour to wheat flour raised the protein efficigmatio (PER) significantly and had
little effect on bread quality (Shehata and Fryer 197t 8pplementation with chickpea
flour above 30% level in the preparation of bread impaited duality of bread, while at
lower levels it was acceptable (Hallab et al. 1974). Ceskprepared with wheat and
chickpea flours in a ratio of 3:2 produced significantlgthér PER values than commercial
cookies prepared without chickpea flour (Hernandez an@l8d 984). A combination of
chickpea and maize variety Opaque-2 induced excellentvjran rats (Chandrasekhar et
al. 1972). Whole wheat and maize flour when supplementeth 0% groundnut- chick-
pea flour improved the protein quality significantly (Khladnd Chughtai 1984).

Ready to use flour mixtures, prepared with appropriate inations of millet and
chickpea flour may find good markets in urban areas, and eff@pe for fortification with
minerals such as iron and iodinklissi roti, a preparation of wheat and chickpea flour, is
quite popular in rural areas. Studies on consumer prefesengeed to be conducted to
popularize roti flour mixtures. Urban populations areeiested in ready-to-cook products,
while migrants from rural to urban areas may continue tor@atprovided they can get
milletflour easily.

Convenience Foods

There is much scope for developing ready-to-eat snackisfoasing chickpea flour either
alone or in combination with cereal flours. One such poidbat is prepared from cereal
legume flour is sorghum-chickpeauruku,an extruded deep-fried product. This contains
sorghum flour (80 g), chickpea flour (20 g), chili powdeRflg), salt, cumin (1.25 g) and
caraway seeds (1.25 g), and oil for deep frying. It is pregdy roasting chickpea flour
slightly to remove the beany flavor, mixing it with sorghtiour, adding chili powder, salt,
cumin and caraway seeds, and making the mixture into a doughwater. The dough is
then divided into balls, that are formed inmarukumould and extruded using a special
device into heated oil where they are deep fried until goideown. A variety of spices are
used in cooking legumes, notably as extruded snack preduttormation on the effects of
thesespiceson nutritive valuewill be of practical use.
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Table 1. Comparative costs (R$ of producing 100 g sorghum-chickpea biscuitsand processed wheat flour
(maida) biscuits.

Sorghum-chickpea biscuits Maida biscuits

Quan- Cost Quan- Cost
Ingredients tity (g) (Rs) Ingredients tity (9) (Rs)
Sorghum flour 800 2.20 Wheat flour (processed) 1000 4.25
Chickpea flour 200 170 Fat 400 11.20
Palmolein oil 400 7.40 Sugar 400 2.20
Sugar 400 2.20 Baking powder 25 0.25
Baking powder 25 0.25 Labor and electricity charges 3.00
Labor and electricity charges 3.00
Total cost of 1.6 kg product 16.85 Total 20.90
Cost of 100 g biscuits 105 Cost of 100 g biscuits 135

1. US $ = Rs 17 (approximately).

2. Methodof preparation: Mill sorghumandchickpea intdine flour separately. Roashe chickpeaflour slightly to removethe
beany flavor. Mix sorghum and chickpea flours and siéveugh 80 mesh sieve with baking powder. Rub in theXdd sugar
and make into dough. Divide the dough into balls andeath to 3 mm thickness.Cut into desired shape udiigcait cutter.
Bake at 177°C for 12 min.

In the preparation of infant foods, cookies and biscuitst pf the cereal flour can be
substituted with chickpea flour to improve its nutritedmuality. Table 1 gives the compar-
ative costs of making biscuits using a combination sorglehickpea flour, or wheat flour.
The use of chickpea-flour starch as a thickening agemhénpreparation of soup mixes has
not been fully explored in India. Such flour could be congainvith vegetable concentrates
or dehydrated vegetable shreds to manufacture soup mixes.

The relative nutritive value of soups and chips pregafmom fermented samples of
chickpea were significantly highegP < 0.05) than those prepared from non-fermentec
chickpea. Chips made from fermented chickpea flourtabred significantly higher
amounts of limiting amino acids than products prepared froon-fermented samples
(Table 2).

Table 2. Nutrient contents of non-fermented and fermentedchickpea flour and chips.

Flour Chips
Factors
analyzed Raw Fermented Non-fermented Fermented
Relative nutritive value (%) 83.27 91.6% 83.7¢" 91.74
Methionine (mg N ¢") 1.61 10.47 0.03 8.422
Isoleucine (mg N @) 2.22 18.8% 2.32 16.22
Tryptophan (mg N @) 13.13 16.07 10.66 13.2¢

Factors having the same superscripts under differerttrtesdss do not differ significantly?(< 0.05).

Source : Zamora and Fields 1979b.

51



There are reports in the literature of resistant staraimé&tion in the processing of
wheat (Bjorok et al. 1987) and sorghum products (Bach lkseacet al. 1987). This resistant
starch has adverse effects on the digestible energy aokiprquality of the products.
Chickpea flour products, particularly baked and deep frieads, should be tested for
resistant starch in view of its nutritional implications.

Therapeutic Uses of Chickpea

Among common legumes chickpea is the most hypocholestieragent, followed by

black gram and green gram (Soni et al. 1982). Germinatddkpea was effective in

reducing cholesterol levels in rats (Jaya et al. 1978 eoasted chickpea diets had a
beneficial effect both on triglyceride and cholesterolels in rats (Chandrasekhar et al.
1983). Green immature chickpeas and kabuli chickpeas i@und to have considerably
higher hypocholesteremic and hypolipidemic effectsntlt@si chickpea (Birender et al.
1987). Contrary to these findings on rats, studies obitalfed on chickpea (75%) showed

that it did not lower blood lipid, and had no effect on atimea formation (Nityanand and
Kapoor 1973). There are reports about the beneficiglolgyycemic effect of chickpedhal
compared with wheat and rice (Dilawari et al. 1981). &sicon therapeutic effects of
chickpea are not conclusive so far and need further invastig, particularly using human
experimental subjects.

Suggested Areas for Future Research

» Systematic studies on consumption, varieties, freqesn and forms of utilization.
+ Selection of varieties suitable for consumption as gevable.

» Designing simple, easily manageable puffing units tonpte use of puffed chickpea
and flour. Testing suitability of varieties for puffing afacteristics.

+ Development ofoti flour mixes combining millet and chickpea flours, ang®ring
the acceptability and marketability adti flour mixes.

» Development of technology for ready-to-eat foods sushb#scuits, cookies, fer-
mented foods, and soup mixes.

» Study of the influence of spices on the utilization ofge®sed chickpea.

* Investigation on resistant starch formation in the pssiogg of millet and chickpea
combination products.
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Factors Affecting Quality in Chickpea

P.C. Williams!, K.B. Singh?, and M. C. Saxend

Abstract. Uses of chickpea are summarized together with the main phys
and chemical factors associated with  chickpea utilization in primary a
secondary processing. The influence of variability of these parameters on
product utilization is discussed with particular reference to seed characte
tics, protein content, and cooking time. The most important factors caus
variability —are location and season of production, cultivation practices, mo
ture status, and temperature during the maturation period. These are analy
in relation to heritability.

Introduction

Kabulichickpeaisthe chickpea of choice in the West#Niorth African (WANA) region,
where about ! million tonnes are grown annually. In adxditiabout 5-10% of the 5-6
million tonnes grown on the Indian subcontinent are aléthe kabuli type. Most of the
chickpea consumed in western Europe and North America,jraoduntries (Turkey and
Mexico) chiefly concerned with export of chickpea, is of Kabuli type. The chief grain
guality parameters of the kabuli chickpea are listedable 1. Of these the first four are
the most important for export purposes. The most importeet of kabuli chickpea in
North America and Europe is as a salad vegetable. This see soaked overnight, boilec
until tender and eaten cold. Seeds which are of ram-heapesand of uniform large to
medium size are preferred. They should be bright beige liorc®n the Indian subconti-
nent relatively smaller-seeded kabuli chickpea is moréely used. Its method of prepara-
tion includes soaking, boiling until tender, and servingaasot vegetable cooked with
herbs and spices.

Composition and Quality Parameters

Food legume grains are important as protein supplementeiteals, mainly because of
their high protein content. On an as-eaten basis it isssacg to consume 100g of bread a

1. Head, Analytical Methods Development Section, Canadsaain Commission, Grain Research Laboratory
Agriculture Canada, 1404-303, Main Street, Winnipeg, Maba R3C 3G8, Canada,

2. Principal Chickpea Breeder, and Leader, Food Legume éomgment Program, International Center for
Agricultural Research inthe Dry Areas (ICARDA), P 0 Bo46®, Aleppo, Syria.

ICRISAT (International Crops Research Institute for them$€Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 M801ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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Table 1. Quality factors in kabuli chickpea.

Factor Requirement

Seed size (mass) Medium to large seeds

Seed uniformity Uniformity in size important

Seed shape Ram-head shape best

Seed color "Bright" beige best

Protein (%) High as possible

Lysine (%) High as possible

Methionine (%) High as possible

Cooking time Short is best

Cooking quality
Taste Off-flavors, e.g., bitterness unacceptable
Texture Lumpiness and fibrousness in pastes and soups unacceptable

Oligosaccharides (%) Low as possible

Husk (%) Low as possible

45% moisture in order to obtain as much protein as from 7Dgeady-to-eat kabuli
chickpea at 66% moisture. Of all the popular food legunaéngrchickpea is one of the
lowest in protein content (Aykroyd and Doughty 1964). Kébchickpea protein content
has a broad sense heritability of 0.55, and selectiomtoeased protein contentin kabuli
lines should be possible (Singh et al. 1989).

As chickpea has the lowest lysine content among the conpulses, further research
could be devoted to improving its lysine content (Williamsd Singh 1988). The meth-
ionine content of chickpeais about equal to the averag@imnine content of the common
pulses, but the levels of tryptophan and threonine areefoWilliams and Singh 1988).

Cooking time is an important quality parameter in foodulegs. A highly significant
positive relationship exists between seed size and cgpokime (Williams et al. 1983;
Singh et al. 1989). On a dry seed basis, an increase of 1 ge&d® sorresponds to an
increase of about 3.5 min in cooking time. But kabuli clpie& is always soaked before
cooking. This causes changes, notonlyin cookingtinalso in other parameters. Thert
are important interactions between seed size and cagotkime brought about by soaking
the seeds, but in general soaking the seeds overnightesdooking time in kabuli
chickpea by over 60% (Singh et al. 1988).

Cooking quality includes appearance, taste, and bitexgure of the food. Food smell is
also important for consumer preference and acceptabibity,this is often strongly influ-
enced by spices and herbs. The appearance of foods, shoimas bitihenelor tisgieh is
affected by the original color of the seeds, and brightrclegeds make better cooke:
products. This also applies to dry snacks prepared bgtiog the seeds. A high tannir
content can cause bitterness, but kabuli chickpeasa@rearmally high in tannins. The
biting texture of purged foods, such hemos bitihenehis affected by the fiber content anc
the initial hardness of the seeds. The hardness effadiedargely overcome by increas
ing soaking and cooking times, but fibrous material maysfst through cooking into the
final food. A certain amount of fiber is desirable, and tlettire of homos bitiheneh
prepared from whole seeds is preferred to that prepaoad éiehulled seeds (Singh et al
1988).
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Chickpea is higher in the oligosaccharides, stachyosénoak, and verbascose than
most pulses (Rao and Belavady, 1978), although little imfation is available concerning
the kabuli type. Other antinutritional substances—u¢hg trypsin inhibitors, hemag-
glutinins, and tannins—have been reported to exist inkgea. There appears to be s
general consensus that trypsin inhibitors and hemagghsdiare reduced to harmless
levels by boiling and other heat treatments, while high iroontent is not usually
associated with light-colored seeds, such as the beigd kigpe.

Factors Affecting Quality Parameters

Factors affecting quality parameters in kabuli chickpeasarmmarized in Table 2. The
seed samples came from non-replicated plots of single 4ws,rspaced 0.45 m, between
rows and 0.1 m within rows. For all other trials discussethis paper, plots were 4 rows
each 4 metres long, 0.45 m apart. Either, 3 or 4 replicates planted. Protein content
was determined by near-infrared reflectance (Williamsakt 1978) with verification by a
Kjeldahl procedure (ICARDA 1986). Moisture content wastermined by an air oven
method (AACC 1983). Seed size (100-seed mass (g)) was detdnmanually/grav-
imetrically, and cooking time by visual evaluation (Wdms et al. 1983).

The influence of genotype on seed size, protein contentcanling time is summa-
rized in Table 3. Protein content was normally distributbdud a mean of 19.8% (dry
mass basis). The range of protein content was from 14.3%q Bt generally the variance
in protein content of the nursery (n = 3003) was low (cv = 9.13€ed size showed a
bimodal distribution with "peaks" at 15-21 g (100 seg&ds)nd at 39-42 g (100 seeds)
(Range was from 8 to 67 g (100 seefsind coefficient of variability was 42% about a
mean of 26 g (100 seeds)Cooking time of dry seed also showed bimodal distributio
with a large peak at 90-100 min and a smaller peak at 120r140

Table 2. Factors affecting quality parameters in kabuli chi ckpea.

Factor Quality parameter affected
Genotype Seed size, shape, color, protein (%)
Growing conditions

Rainfall Protein (%), seed size

Temperature Protein (%), seed size, seed texture

Soil not tested

Cultivation practice

Sowing time Protein (%), seed size, color
Irrigation Protein (%), seed size
Fertilizers not tested

Processing
Dehulling Fiber content
Roasting Texture (biting)
Soaking and drying Texture (biting), protein (%)
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Table 3.Analysis of kabuli chickpea germplasm *.

100-seed mass Cooking time

(9) Protein (%) (min)
Mean 26.4 19.8 118
SD? 11.1 1.8 35
CV% 4.2 9.1 29.7
Highest 67.0 27.0 296
Lowest 8.1 14.3 50
Standard error/test 0.84 0.50 4.7
CV % test 3.0 2.5 2.8

1. Number of germplasm accessions analyzed=3003.
2. SD = Standard deviation.

The relationship between seed size and cooking time notditre@Williams et al.
1983) was verified, but in the medium seed-size range, tleéficients of correlation
between seed size and cooking time was much lower than tebsedn small seeds (r =
0.87) or large seeds (r = 0.91) and cooking time. Between22§-4100 seed), the
coefficient of correlation was only 0.4. This means thatrovging situations where the
seed size is in that range, the relationship may not be aptpare

The influence of the environment on the three quality facteas tested by growing 65
genotypes in 4 replicates and at 3 locations, two in Syribadya and Jindiress) and one
in Lebanon (Terbol). Seed size showed a range in locatiansef 3.4 g, with protein
content of 2.7% and cooking time of 12 min (Table 4). Sigmifit genotype x location
interaction occurred for all three parameters. Anotheewotthy feature was that the
mean cooking time at Jindiress was higher than at the otheloeations. Protein content
was significantly higher at Tel Hadya than at Jindiraasl Terbol, which is consistent with
the higher rainfall at these two locations. Neither seeel 8t cooking time appeared to
be related to rainfall on the basis of the single-seasam dat

To study the effect of growing season on quality paramgtarexperiment was con-
ducted at Tel Hadya using 62 lines in 1983/84 and 65 lines 85/88. Mean seed size
increased by 8% in 1985/86 while mean cooking time was retbgel6%, which is

Table 4. Influence of growing location on quality parame ters in kabuli chickpea.

Seed size' Protein % Cooking time (min)
Location Mean sD? Mean SD Mean SD N®
Tel Hadya 30.2 12.2 21.9 15 107 24 80
Jindiress 27.0 10.8 19.2 1.4 119 33 19
Terbol 30.4 12.8 19.3 13 107 24 29
1.100-seed mass (g).
2.SD = tandard deviation.
3. N = mber of genotypes tested.
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Table 5. Influence of growing season on quality paramete rs in kabuli chickpea.

Seed size' Protein % Cooking time (min)
Year Mean sD? Mean SD Mean SD N®
1983/84 27.9 12.9 19.9 2.0 127 48 62
1985/86 30.2 12.2 19.6 15 107 24 65

1.100-seed mass (g).
2. SD = Standard deviation.
3. N = Number of genotypes tested.

another indication of season x genotype interaction wigtaré to cooking time (Table 5).
Mean protein content was slightly lower in 1985/86, and tm@ance was reduced for all
three parameters in 1985/86. The influence of the growiagoseon protein content was
studied by using 4 genotypes as controls in 3 growing seaaonsat 3 locations; Tel

Hadya, Jindiress, and Terbol. Mean results for the threstiloes snowed little difference
between 1982/83 and 1983/84, but mean protein content yok&% (relative) in 1984/85,

while variance was also increased by a factor of 2.

Hawtin and Singh (1984) showed that in Syria sowing kalktlckpea in winter instead
of in March as is the tradition resulted in very significémcreases in yield. The influence
of winter sowing on quality parameters was studied on 20@tgpes during 1985/86 at
Tel Hadya and Terbol. Winter sowing gave seeds with slightut not significantly)
higher protein contents and 100-seed masses than sprimg-seeds, but there was no
significant difference in the variance of protein contdrat{le 6). There was no significant
difference in the mean cooking time of winter- and spréogvn kabuli chickpea lines, but
winter-sown lines showed more variability.

Another factor likely to influence the quality of kabulhickpea is irrigation practice.
Irrigation used in conjunction with careful fertilizer megement can realize large in-
creases in yield. Its effect on quality parameters in kabhickpea was examined by
growing 96 genotypes under full irrigation, partialigation and rainfed conditions at Tel
Hadya, Syria during 1984. Plot size was 4 m x four rows, taedtrial was replicated three
times. Irrigation was scheduled according to water agficalculated using daily water
balance of rainfall and pan evaporation, and validated by msoisture measurements

Table 6. Influence of sowing time on quality parameters in kabuli chickpea.

Seed size’ Protein % Cooking time (man)
Sowing season Mean sD? Mean SD Mean SD N3
Spring 35.5 9.4 20.7 1.2 129 17 98
Winter 36.2 7.9 21.6 12 129 22 30

1.100-seed mass (g).
2. SD = Standard deviation.
3. N = Number of genotypes tested.
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Table 7. Influence of irrigation on quality parameters in kabuli chickpea *.

Seed size? Protein % Cooking time (min)
Extent of
irrigation Mean sD?® Mean sD Mean SD
No irrigation (Rainfed) 34.4 7.1 21.9 1.0 129 22
Part irrigation 32.7 75 19.3 10 146 25
Full irrigation 32.1 7.7 18.1 12 142 27

1. Number of genotypes tested = 96.
2.100-seed mass (g).
3. SD = Standard deviation.

(neutron probe). In full irrigation, total water deficiudng the reproductive period was
replenished, whereas in partial irrigation only 75% of thatew balance was replenished.
Seed size, cooking time, and protein content were studiée. results are summarized
in Table 7. While the highest increase in yield occurred umpdetial irrigation, protein
content was progressively reduced under conditions ofeising water availability, while
variability in protein content was increased although nignicantly. Partial irrigation
increased cooking time by 13%, and full irrigation proddiceo further change. Seed size
was surprisingly reduced by 6% with partial irrigation,daby a further 2% on full
irrigation. Variability in seed size was also increassdaaresult of irrigation, and analysis
of variance verified that interaction between genotype @ndation practice was involved.

Conclusion

The influences of genotype, growing locations and seasowirng time and irrigation
practice on three quality parameters of kabuli chickpaehbeen examined on field-grown
plots in Syria and Lebanon. Seed size (100-seed mass),iprooatent, and cooking time
were the quality parameters studied. Protein contentegrigom 14 to 27%, 100-seed mass
from 8 to 67 g, and cooking time from 50 to nearly 300 min (ai-seeds) in the world
kabuli germplasm collection. Variance in these three patam was highest in 100-seed
mass (CV=42%) and lowest in protein content (CV=9%).

While both growing location and season affected all threalitys characteristics, grow-
ing location had the biggest influence on seed size (100-se&ss) and protein content,
while growing season had the slightly greater influenceoaking time. Planting in winter
as opposed to spring had no influence on cooking time. Wiplianting effected slight, but
not significant increases in both protein content and ssied. Partial irrigation caused
reductions in both seed size and protein content, while icapkime was increased by
irrigation.
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Utilization of Chickpea in West Asia and North
Africa

M.C. Saxend, K.B. Singh', and P.C. Williams’

Abstract. Most of the chickpea grown and consumed in the Mediterrane
region of West Asia is of the kabuli type. Foods are prepared mainly frc
whole  seeds. Their preparation involves  soaking, boiling,  mashing, fryir
roasting, and some dehulling. A small proportion is consumed as green se
or ground into flour and used in making a wide range of snack foods a
sweets. The methods of preparation of the main foods are summarized. Qu
factors important in food preparation from kabuli chickpea include seed si
and protein content. Large seeds are preferred for most purposes. Protein

moisture contents of foods vary widely depending on the form in which they
eaten.

Introduction

In the Mediterranean region of West Asia and North Africdhe chickpea grown is

predominantly of the kabuli type. Of these, only a smallpomtion of the 1 million tonnes

produced annually is exported, and the remainder is used Wwide variety of foods.

Unlike the variable-colored desi-type chickpea, whichpredominantly grown on the

Indian subcontinent, and mainly used after dehulling, Rabhickpea is light beige in

color, and is not dehulled before cooking. Primary proicessf kabuli chickpea consists
of removing foreign material from the produce, and may udel sizing with sieves.

Secondary processing techniques involved in food preparanclude soaking, boiling,

frying, and roasting. A certain proportion of the total gmoe is also consumed raw, in the
form of green seed. This paper summarizes the resultsnod £ the studies made on the
utilization of kabuli chickpea in the Mediterranean regiof West Asia and North Africa.

A more comprehensive survey would probably reveal marmerofoods produced on a
small scale, but the present data is believed to accounivier 95% of the commercially
produced and marketed kabuli chickpea.

1. Leader, and Principal Chickpea Breeder, Food Legumeréwmement Program, International Center for Agri-
cultural Research in the Dry Areas (ICARDA), PO Box 5486eppo, Syria.

2. Head, Analytical Methods Development Section, Canadsaain Commission, Grain Research Laboratory,
Agriculture Canada, 1404-303, Main Street, WinnipegarNtoba R3C 3G8, Canada.

ICRISAT (International Crops Research Institute for tBemi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 M989, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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Food Usage of Kabuli Chickpea

Table 1 summarizes the main food types in which kabulckgéa are used in the region,
and includes basic procedures used in food preparation.

About 75-80% of all the kabuli chickpea in the regioncignsumed in the form of
purees, such akomos biteheneh, tisgielandfalafel. Homos-biteheneimvolves soaking
chickpeas, boiling, cooling, and then blending wtiitteneh(mashed sesame seed), garlic
lemon juice, and olive oil. The resultant puree may bengaed with black pepper,
paprika, and olives, and served cold. It is eatenraszzdstarter) dish, or used as a sauc
with other dishes.Tisgieh that is very popular in Syria is prepared from soakduole
chickpea, which is boiled, and then mixed with soalkadbic flat bread, yoghurt, and
olive oil, and served hoEalafelis prepared by soaking and boiling the seed. The see!
then mashed with hot peppers and herbs, formed intdlstakes and deep fried. In the
larger cities of Syria, Jordan, Lebanon, Egypt, and Eyrkhese three foods are produce
on a fairly large scale by retailers who use up to a 0ctfdkpea day.

The preparation of kabuli-based snack foods can beagoimplicated. For the making
of gadami stamboulielthe seed is wetted with an amount of water, dependinthe type

Table 1. Kabuli chickpea-based foods of West Asia and Nor  th Africa.

Primary
processing Secondary processing
High moisture foods
Homos akhdar Green seeds Boiled or eaten raw
Homos maslou Soaked Boiled and served as is
Homos biteheneh® (Mousabaha) Soaked Boiled, mashed, mixed with pulverized ses-
ame (tiheneh), olive oil, lemon and herbs, and
eaten cold
Tisqieh1 Soaked Boiled, mixed with soaked bread, olive oil,
yoghurt, and served hot
Burghul bihomos Soaked Boiled, and served with steamed burghul
Riz bihomos Soaked Boiled, and served with rice
Balila Soaked Boiled, mixed with salt and cumin seed
Falafel" Soaked Mashed with peppers and herbs, and deep
fried
Low moisture foods (mainly snack foods)
Qadami stamboulieh Soaked, dried Roasted
Qadami stamboulieh bimeleh Soaked, dried Roasted, and salted
Qadami safra Soaked, dried, Roasted, dehulled (40-day process)
moistened again
and dried x 2
Qadami bisukar Soaked, dried, Roasted, dehulled, and coated with sugar
moistened again
and dried x 2
Da' a Ground safra Mixed with lemon juice and salt
Sharab sakhin Roasted, ground Hot drink, sometimes mixed with coffee

1. Constitute about 75% of all kabuli chickpea consumed in the region.
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and origin ofthe chickpea, blended well, and allowedtand for 24 h. It is then heated fot
5-7 min in a rotating kiln, followed by cooling for 2 h, andheating for 3-5 min in the

kiln. The seed is cooled, and graded into two sizes faketang. At the same time, broken
seed is separated ouBQadami stamboulieh bimelers prepared in the same way, bu
during the second heating a saline solution is added. myulneating and rotation, the seec
becomes coated with a thin layer of salt.

Qadami safra(yellow roasted chickpea) is prepared by a more comptahethod.
The seed is sieved to remove broken seed, and separateavimsizes. It is then roasted in
a rotating kiln for about 6 min at an intensive heat (2009I3aced in wooden boxes and
stored for 1 week, followed by a further week of standingthie open in a shaded area
These steps, i.e., roasting and storage in a box anddethie material stay in a shaded
area, are repeated three more times. After the fourttedpe seed is sprinkled with water,
allowed to stand in closed containers for 24 h, thenestdn the open for 4 days. Finally
the seed is roasted again for 2 min at intensive heat (2QGi@) dehulled using a device
consisting of a rotating bow! or mortar with a wooden pestlhe final traces of husk are
removed by manually rubbing over a sieve with a cloth.

Softer seed is used fajadami safrathan forgadami stambouliehand the removal of
the seed coat reveals the yellow cotyledons. The |aapami safraseed may be coated
with sugar of various colors, and marketed geglami bisukar. Safrseed may also be
ground to a flour and mixed with lemon juice and salt, skeda' a.

Another form in which kabuli chickpea may be consumed is agt dtink. The seed is
roasted brown, ground to flour and used to make the drénkietimes after mixing with
coffee.

Other forms in which kabuli chickpea are consumed inelbdrghul bihomogsoaked,
boiled chickpea served with steamédrghu), and riz bihomos,in which the burghul
(broken parboiled durum wheat) is replaced with stehmee. Inbalila, kabuli chickpea
is boiled and mixed with salt and cumin seed. A wide eanfsnack foods, sweets, and
savory dishes are also prepared, marketed, and consumed smmall scale. The most
popular home recipes have been assembled into a clackpekbook (Hawtin 1981).

Quality Considerations

Quality demands on kabuli chickpea for export mainly @rncseed size, color, and
uniformity. For consumption in the region, qualitygterements vary only slightly from
one food type to another, and in general large ram-heagkst (sbout 30-40 g 100 se&jils
is favored for foods, in which the seed is consumed whotegreas for foods which use
chickpea in pureed or mashed form, seed size requirementsatner less important.

The quality of a food (as distinct from the seed) can bedBuatled into three main
areas; appearance, taste (including after-taste), extdrie. Kabuli chickpea is extremely
hard, and all foods prepared from it involve a soakiraget The texture of the final foods
is affected by fiber content and by inherent seed hardfigss;content is in turn negatively
related to seed size. Our data showed that as seed masased from 11 to 48 g 100
seedd, the husk percentage decreased from 7.7% to 4.2%, wieiléral detergent fiber of
husk increased from 60% to 70%.
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Table 2. Protein content * of kabuli chickpea on a dry basis and as eaten.

Protein (%)

Dry basis As eaten

Form Mean SD Mean SD
Green 23.6 +1.7 55 +0.5
Mature 22.3 +1.4 N -

Soaked 22.1 +1.6 9.1 +0.7
Dry cooked 22.7 +1.7 7.6 +0.9
Soaked/cooked 22.2 +1.8 7.3 +0.6
Roasted 21.6 +1.7 20.6 +1.6

1. Based on 24 genotypes.

Table 2 summarizes the protein and moisture content of kaihickpea in its various
forms before and after secondary processing. The data dvesen from an experiment in
which 24 genotypes were selected on the basis of high, umedand low protein content.
These were then grown at Tel Hadya, Syria during 1987/&@&d Svas harvested at the
immature stage (green), and at maturity. The mature seedtreated by soaking and
boiling to complete cooking as indicated by visual evahratof split pea cotyledons
(Williams et al. 1983), both before or after overnight soakiand roasting. Moisture
content was determined in fully hydrated, treated seed,imrgieen seed by a two-stage
oven method (AACC 1983). Nitrogen concentration was deiteechby the Kjeldahl pro-
cedure (ICARDA 1986), and the results were converted tdemrotein using a factor of
6.25 and reported both on moisture-free, and as-is basis.

The most important results given in Table 2 are the vegpificant differences which
occur in the protein content of the as-eaten seed. On a dtjembasis, green seed had th
highest protein content. Seed that is mature, dry, soaked,cooked directly, did not
differ significantly in protein content from cooked and k@@ seed. On an as-eaten mois
ture basis, green seed, having the highest moisture corabstt had the lowest protein
content. Soaked seed had the highest as-eaten proteientomtith some genotypes beinc
twice as high in protein in the soaked mature seed, thaneigtden seed. On an average
soaked seed was about 67% higher in protein content tham geed. Cooking directly
without soaking reduced protein content by about 1.5%jlevicooking after soaking
effected a further reduction in protein content. The chanigeprotein content brought
about by various soaking and cooking procedures were damsénly by differences in
moisture content.

The differences in protein content between cooked and sok#&buli chickpea can be
largely accounted for by losses in the cooking liquor. @rotcontent of the liquor was
determined in 50 mL of the 200 mL liquor used to soak and/okc20 g of seed. On an
original seed basis, liquor contained about 0.06% prot&én aoaking, and about 2% after
cooking, whether cooked directly from the dry state orrafteaking.

Roasting chickpea seed involves a preliminary soakingestewithout which the seed
would be too hard to eat. Kabuli chickpea contains a high @rogn of starch and about
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Table 3. Relationship among protein contents of green, mat ure dry, and processed kabull chickpea seed.

Dry Soaked Cooked Soaked/cooked
Green seed 0.77* 0.70 0.52 0.59
Mature dry seed N 0.78 0.82 0.78
Soaked - 0.55 0.68
Cooked? - 0.74

1. Coefficient of correlation; all are significant at P > 0.01.
2. Cooked directly without soaking.

20% protein. The combination of soaking, drying, and roasting changes the texture and
bulk density of the seed, which becomes very hygroscopic after roasting. Roasted kabuli
chickpea contains about 5% moisture and is slightly lower in protein content than dry seed.

Examination of the protein data (Table 2) of green seed, and soaked and cooked seeds
revealed that the variance of protein content of green seed was higher than that of mature
seed. There appeared to be significant interaction between genotypes and treatment in
terms of changes in protein content. All of the genotypes absorbed more water during
cooking than soaking, but the degree to which this took place varied among the genotypes:
some absorbed more water during direct cooking from the dry state than during cooking
from the soaked state whereas others did not, and were consequently higher in protein
content.

The protein content of green seed (dry basis) was highly correlated with that of mature
dry seed (Table 3), but the magnitude of relationship between green seed protein and that
of mature seed after soaking, cooking, and roasting was reduced. The correlation between
green seed protein (dry basis) and 'as-is' protein content of mature seed after soaking and
cooking was not high. In contrast, the protein content of mature seed (dry basis) was highly
correlated to the protein content of soaked, cooked, or roasted seed on a dry-matter or as-
eaten moisture basis. These findings illustrate the influence of secondary processing on the
protein and moisture content of kabuli chickpea.
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Chickpea Utilization in Turkey
H. H. Gecit'

Abstract. In  Turkey, chickpea is sown on 665 000 ha (3.8% of the to
cultivated area) with an annual production of 725 000 t (37.2% of the to
edible legumes production). In recent years, chickpea has been grown in r
tion as a dryland crop on fallow areas. Chickpea is also sometimes used a:
green manure.

In  Turkey, mainly light-colored grain chickpea is cultivated. @~ The proteil
rich grain is used in soups, in appetizers, either roasted, or as green grain,
homos, in baby food, in desserts, and as a flour fermented with yeast.

In addition, chickpea starch is used in making plywood, while acids from
leaves are used in medicine. Ground seed coats and green or dry stems,
leaves are wused as animal feed. If economically grown, whole plants could
used as fodder.

Introduction

Chickpea is an important leguminous vegetable crop irk&yrltis grown in rotation with

cereals because of its high protein content, and drouglerance. The area sown to
chickpea, and chickpea production have increased rapidlyecent years. The crop is
grown on 665 000 ha with an annual production of 725 000 taanaverage yield of 1.09 t
ha'! (Table 1). Chickpea is second to lentil in production amtiregleguminous crops and
accounts for more than 3.8% of the total area sown, an#98f the total production of

pulses (Table 1) (Anonymous 1988).

While Turkey has good potential for increasing chickpeadpiction, limiting factors
include inadequate weed control, mechanization of hanvgsmarketing, and control of
such diseases as anthracnose. However, a newly releasiedyy Eser 87, is tolerant to this
disease.

To reduce the area of fallow land, chickpea is rotated withter cereals; it has been
noted that the yield and quality of the cereals improveratfttation with chickpea.

Turkey annually exports about 350 000-450 000 t of chézk more than half the total
world exports (Table 2). Turkey also annually exports 5-00000 t of roasted chickpea
and 500-1000 t of seed.

In Turkey, 300 000 t of chickpea are annually consumed asanufood and animal
feed. The daily per capita consumption of dry legumes6igg3iuring the winter months,

1. Professor, Faculty of Agriculture, Department of Ei€rops, University of Ankara. Ankara, Turkey.
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Table 1. Sown area, production, and yield of chickpea in Tikey, 1970-88.

Sown area Production Yield
Year ('000 ha) ("000 1) (t ha?)
1970 100 109 1.09
1980 240 275 115
1985 399 400 1.00
1986 534 630 1.18
1987 665 725 1.09
1988 779 778 1.00

1. Estimate.

Source: The summary of the State Agricultural Statictics.

Table 2. Turkish chickpea exports, 1980-88.

Volume Value
Year ('000 t) (‘000 US %)
1980 88.535 35.721
1982 156.322 65.196
1984 159.230 63.337
1985 189.085 84.218
1986 248.408 98.311
1987 369.357 98.851
1988! 487.554 141.469

1. From January to November 1988.

and it varies marginally during other seasons. Annuatlgiea consumption, accounting
for a third of all legumes consumed, is about 250 000 t.tRep25 000 t of chickpea are
consumed after they are roasted, and as appetizersutAip000-25 000 t of chickpea art
used by the food-processing industry and as animal feed.

Utilization in Human Nutrition

Dry chickpea seed is generally used in human foods. The seerthins 21.2-26.2%
protein, 38-59% carbohydrate, 3% fiber, 4.8-5.5% oil, 88h, 0.2% calcium, and 0.3%
phosphorus. The digestibility of its protein varies fro8% to 78%, and of carbohydrate
from 57% to 60% (Eser et al. 1987; Gurbuz 1988).

Like other food legumes chickpea is consumed in seveféraint ways. A complete
meal can be made out of chickpea, or it can be used tofigiver to a meal, or as dessert
In Turkey, it is used in making soups and appetizershasos(chickpea paste), as ar
ingredient in baby foods and canned foods, as a flavomnfgimented foods, as roaste:
nuts, and as flour. About 75-80% of the domestic consumptib chickpea is in the
following forms.
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Table 3. The names and ingredients of some popular dishes.

Name Main ingredients

Etli nohut (meal) Chickpea, meat, butter or margarine, tomato paste.
Sade nohut(meal) Chickpea, butter or margarine, tomato paste.

Pastirmali nohut (meal) Chickpea, pastrami, butter or margarine, tomato paste
Iskembeli nohut (soup) Chickpea, tripe, butter or margarine, tomato paste.

Chickpea Soups and Main Dishes

There are many kinds of soup and spiced dishes that areanq@@épin the south and
southeast regions of Turkey. These are delicious anditiais even when consumed
without meat (Table 3).

Chickpea Flavoring

Chickpea is added to improve the taste of many dishegs, mhutlu pilav (pulao), hohutlu
kabak (sweet squash dishpsure (desert), andeksili corba (soup).

Chickpea Appetizers

Kabuli chickpeas, after cleaning and washing, are boitedater for 1 h, and consumed as
an appetizer mixed with raisins, hemp seeds and boiled b€skpea is also boiled with
1-2% wheat grain, and eaten.

Chickpea seeds are soaked in cold water until they becofetisen roasted on a hot
iron pan. This easy preparation is favored by farmers wladyre chickpea and consume
it in this form during the winter. Seeds can also be roasti¢hout soaking, but are harder
than those roasted after soaking.

Roasted Chickpea

Roasted white and yellow chickpeas can be eaten plaias sealted or sugared nuts. White
chickpea seeds are cleaned and boiled in water containddg 4odium chloride, 2%
carbonate, and 1% oxalic acid. Then the seeds are draimkRept for 4-10 h in a dish. The
seeds are then roasted, cooled for a short time, and roagédd & coarse salt. This
process is completed by the cracking of chickpea.

To roast yellow chickpeas, the seeds are cleaned, sepaaatording to size, roasted
for 8-10 min, and kept for 24 h in a sack at room tempeeatlihey are then spread out flat
in a 10-15-cm thick layer, and left for 10-20 days and stirtwice a day. The seeds are
collected when cracking is over, and the above procedurepeated. The seeds are keg
for 20-24 h, and roasted over a hot fire. Seeds can beerbagtain following the same
procedure, and salt, sugar, black pepper, and red pepped.a&dasted white and yellow
chickpea constitute 10-15% of the total human chickpeasamption. Approximately
4000-5000 t of roasted chickpea are annually exporteth ffarkey.
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Green Chickpea

Developing green grains can be consumed when the seeds tre milky stage. They are
tasty at this stage, and their protein content is high. $iomes the green plant is roasted
over an open fire.

Chickpea Flour

The flour of raw or roasted chickpeas is consumed in diffeveays. It may be mixed in

low proportions with wheat flour for making macaroni, pgsand biscuits. Gluten can be
added to improve the quality of the mix. Roasted chickpeaggeound, mixed with sugar
and consumed akavut. Hadji halvah, halvahand pastry made with roasted chickpea flou
are popular dishes in Turkey. The seeds of chickpeaegdasta dark color are ground to a
powder and used to make a refreshing hot drink either bynselves, or in combination
with coffee beans. This form of consumption accounts 268% of the total human

consumption of chickpea in Turkey.

Homos

Chickpea seeds are boiled in water, and mashed after sod@&ing while, or without
soaking, to makéomos,which is consumed plain, or with red peppers and other spare
with meat.Homoscan be canned to prolong its storage life.

Baby Food

Chickpea is a good source of many amino acids, and is richlinGhickpea has also the
highest biological value among legumes and is close to ertghmilk in nutritive value.

The protein score of chickpea is 62 against an accepte@ £40t00 for eggs, while for

other legumes, the scores range between 37 and 44. Chiblkpeanore histidine and some
other amino acids than mother's milk, and is therefore ased nutritious baby food.

Canned Chickpea

A small proportion of canned chickpea (1% of total constiarg is consumed in Turkey,
but most of the tinned product is exported to West Asian toes1 In order to can it,
chickpea is first soaked for 8-12 h and then cooked inibgilwater for 5 min at 99°C,
cooled, heated again to 60°C, and then sterilized for 40 mil&°C.

Fermentation

Chickpea flour has been used in the past to make dough. ysapresent, this process is
not much used, because it causes rancidity or color pnuylevhether used alone or when
mixed with other ingredients. Chickpea flour is mixed intevakept for 6 h at 25-35°C
then mixed into dough which is allowed to rest for abouttBfore being made into bread
and buns.
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Animal Feeds

As seed, 5-10% of Turkish chickpea production is used imahfeeds. Since chickpea is
mainly produced for human consumption, the price of chéekjs higher than that of othe
legumes used as fodder. Chickpea with dark seed coat Wwrges animal feed in some
countries but it has some disadvantages. Immature seeddedter as animal feed, a
mature seeds are used as human food.

Chickpea may be used for feeding all domestic animalshéf seeds are in gooc
condition. Chickpea is reported to cause flatulence ifitdonsumed or grazed too muc
when it is in the seedling stage. Chickpea straw is ndabkle for animal feed, since its
stem and branches are tough to chew. The straw can be useathifoal feed if it is
chopped and mixed with cereal straw. The industrial preiogsof chickpea results in
some by-products, mainly seed coats (15-20%) obtainedndugrinding and these are
used in animal feeds. The residues which are collectednducieaning are also very
suitable as fodder. Chickpea straw contains 137.4 kg prdtkiwhile cereal straw con-
tains 70.5 kg proteint When biological values are taken into consideration)efjume
straw is equal to 8 t cereal straw.

Utilization in Industry

Less than 1% of chickpea production in Turkey is used in $tyu Chickpea starch is usec
in the textile industry to give brightness to wool andsi the finishing stages. The starct
is also used in the manufacture of plywood. A indigo-like dy obtained from chickpea
leaves. The stems and leaves have high concentrationalaf,nmalonic, citric, and oxalic
acids which are used in medicine.

Possibilities for Increasing the Utilization of Chickpea

It is necessary to increase the use of chickpea to meeprititein needs of the population
and increase the consumption of chickpea grain. The tyali flour mixes containing
chickpea need to be improved. The possibilities of usingkgea in the biscuit industry
should also be investigated. Chickpea may be used asea granure in regions where it is
easily grown.

A study was carried out (Eser et al. 1987) on 160 local cldakmrieties collected from
chickpea-growing provinces, and conserved in the Tosure®amk, Ankara, Turkey. The
results obtained showed wide variation in several charagcte.g., their protein contents
ranged from 21.2 to 26.2%. According to the study, the numbéseeds per plant, fertile
pods per plant, and primary and secondary branches can lbleags@rimary selection
criteria to select plants for high seed yield.
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Uses and Possibilities of Chickpea in Spain

M.T.Moreno*andJ.l. Cubercd®

Abstract. Chickpea in Spain is used both as human food and animal fe

Cultivars with white seed coats are used for human consumption.

last 20 vyears, the wuse of chickpea as fodder has decreased to a
guantity. Chickpea is nowadays not merely a source of protein for the poor,

also a basic component of several popular dishes. Therefore, the
types can command a very high market price.

The introduction of winter-sown chickpea technology is again
possible to use chickpea for animal feed. High-yielding cultivars
for human consumption may be usedfor this purpose.

Resistance to ascochyta, winter conditions, fusarium and other
sites, and drought are urgent areas that need to be researched.
has a high biological value, but studies on protein quality and
characteristics are also required to ensure its adequate utilization
feed. These are also the most appropriate areas for collaborative

Introduction

Chickpea

Chickpea was used in Spaiill the late 1950s both as humé&wod and as animal feed.
Kabuli types, usually characterized by large, ramheageathawhite or beige seeds, weri
mostly consumed in human diets. Both desi and kabuli typasekhibited poor cook-
ability were used as animal feed. The seed size of desi dhmtl be too small and the
minimum acceptable size is about 25-30 g (100 séedBje size of most popular kabuli

varieties used for human consumption is around 70 g (10Gkeed

Chickpea for Human Consumption

Chickpea is an important ingredient in various dishes, @ntributes significantly to the
basic daily nutritional requirements of a large segnodisociety. In this sense, itis similar
to lentil, and common bean, pea, and faba bean. The toadilt but not the only procedure
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of cookingcocido (boiled chickpea) is to soak seeds overnight, and draiexcfess water.
Additional ingredients, such as pork, beef, and potate,boiled for 30 min, and added to
the previously soaked seeds. Boiling is continued untlgdeds become tender, usually ir
about 2 h. The cooking time depends on the cultivar, thkeis which they are grown, and
some other factors. Sodium bicarbonate is usually addelasten the cooking process.
Seeds of good quality should cook in a short time withouiniggheir seed coat during
culinary operationsCocidois a traditional and widely popular dish, but the basicipe is
often modified according to regional preferences. Thatre¢ proportions of the other
ingredients may also vary. One of the most popular dishég vses vegetables. It is worth
emphasizing that the most appreciated ingredient in @mjydo recipe is chickpea.

Cocido is no longer the staple dish it was in earlier days. fowed transportation of
animal products to cities and consequent increased meauogtion in Spain has resulted
in decreased per capita consumption of chickpea. Thieniy one of the causes of the
reduction in the chickpea-cultivated area in Spain dutimglast 50 years. This reduction
has been accompanied by an increase in the price for hughitgf seed, and has resulted in
an increase in the import of chickpea (Table 1). Importhitkpea forms a significant
portion of Spanish chickpea consumption (Cubero 1976).

At present, chickpea is sold in 0.5- or 1-kg packets in gupekets. Bulk quantities of
chickpea are not available. The price of chickpea cary viaom US $ 2-3 kg in a
medium-sized town such as Cordoba, to even double that mmioularge cities like
Madrid or Barcelona. This high market price is advantagdouthe farmer, as he can gel
up to US $ 2 kg, depending on the quality of the grain. A limitation tmeamption exists
because chickpea is no longer a basic food, but only ajgteecas an occasional dish.
Finding new uses for chickpea as an ingredient in locallgeptable dishes and in the
processed food industry would increase consumption okpleia, and pave the way for an
increase in cultivated area. Among such new uses, roakielpea as a snack, and boilec

Table 1. Chickpea production and trade in Spain, 1976-86 '.

Irrigated Rainfed
Total

Area Yield Area Yield production Import Export

(ha) (t ha™) (ha) (t ha) (t) (t) (1)
1976 1844 1.07 101 103 0.52 54 963 31 928 249
1977 1760 0.95 99 197 0.55 57 936 28 538 473
1978 2149 0.99 109 544 0.63 70 995 55 874 2622
1979 2090 1.18 101 728 0.61 64 737 46 986 5304
1980 1700 1.27 88 430 0.66 60 670 27 388 2667
1981 1615 1.15 81 917 0.38 33 218 43 204 388
1982 1424 1.14 77 459 0.59 47 073 43 366 719
1983 1372 1.07 89 418 0.54 49 430 32 935 1377
1984 1513 1.42 90 182 0.66 61 942 26 669 225
1985 2005 1.21 88 280 0.62 57 275 25 964 911
1986 1959 1.26 88 454 0.63 57 777 37 026 540

1. Spring sowing, large kabuli, for human consumption.
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and seasoned chickpea in salads may be preferred byusters as they are somewha
familiar with these products. Other ways of preparatiench ashomos,are completely

unknown and the introduction of such products to Spain Morequire an extensive
promotional effort.

All factors considered, the potential for increased hurcansumption of chickpea is
small. An increase in chickpea production for human comsion may only be possible
by restricting imports. However, canning chickpea coufteronew opportunities, and
some commercial brands are already available. Furtherarels is required in order to
mass produce a product comparable in taste to home-magarations.

Chickpea for Animal Feed

In contrast to its restricted prospects for human camsion, chickpea for use as anima
feed offers excellent opportunities for increased pwithn. However, some constraints
need to be overcome.

The competition for using chickpea as animal feed wiHinmly come from the demand
for human consumption. If the grain does not have good cloibika characteristics, the
farmer will not be tempted to sow the crop for human cemgtion. Since the price of
chickpea for human consumption is much higher than thatanimal feed, the yields of
cultivars grown for animal feed need to be very much hrgthan those of cultivars
selected for human consumption. At present, yields of soimdéew chickpea cultivars are
about 4 t ha, but with improved breeding and agronomy practices tieédg of cultivars
both for human consumption and as fodder are likely toeimse to 4.5 or even to 5 tha
Resistance to ascochyta blight is a must to achieve thisctive, and even though winter
chickpea can escape fusarium wilt, root diseases poseanaapent potential threat to the
crop (Jimenez-Diaz et al. 1989).

The scope for sowing chickpea cultivars for animal feadharginal lands is good, as
neither the cooking quality nor the yields will be of greahcern to the farmer. There are
at least two kinds of marginal lands for chickpea cultivat those on which temperature is
the limiting factor, and those on which poor rainfall tise problem. To meet these
requirements, winter chickpea cultivars that can ttker-10°C at least for 3-4 days in ¢
row are needed; so are high-yielding cultivars that canstwen in February, or even
sooner, with the potential to germinate at low tempeestuln the case of dry areas, winte
chickpea is the only solution. The existing cultivars kkbprovide a first generation of
chickpea varieties for these zones. A breeding programidceventually be set up to select
for higher drought resistance, while noting that it rdlikely that areas receiving less than
300 mmrainfall will ever be cultivated foseedcrops in Spain.

A third marginal type of light acidic soils could be of paotial interest to chickpea
breeders. Cultivars adapted to these soils should @se hesistance to low temperatures

The biochemical value of raw chickpea is high, being samtb that of soybean, but its
protein content (around 20%) is one of the lowest amongd flegumes. As the use of
chickpea as a component in animal feed will mainly imeoits inclusion in industrial
formulations, it would be desirable to raise its proteontent to about 25%, without
decreasing the lysine content or the yield.
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Areas Requiring Further Research

Research efforts should be directed to increasing: thedyamld yield stability (both in
spring and winter types); the level of tolerance to lowgeratures; resistance to ascochyi
blight and root diseases; and to improving the agronomy hi¢kpea, especially by
application of herbicides and pesticides.

Further, research efforts should help identify types ssthgo moderately low pH,
while studies on canning or freezing chickpeas, their us¢hbyprocessed food industry
and as animal feed, will boost demand for the legume.

Research in the following areas should also be considered:

1. In the case of chickpea for human consumption, cookiredigpucharacteristics must
be maintained.

2. In the case of chickpea for animal feed, the protein cantt@s to be increased
without loss of lysine content, biological value, and yield

There is a need to develop reliable methodologies to scfeenesistance to low
temperatures and to diseases; for better evaluation totdelegood culinary characteris-
tics; and for rapid methods to screen for both protein asthk/content. The near infra rec
(NIR) technique is very useful, at least when screenimgfotein, but it has to be properly
calibrated to avoid any bias that may arise while meagubiack or white chickpea.

More efforts are required in the application of geneticiragring techniques to stan-
dardize the technique for regeneration of plants from \edgeg parts of chickpea.

Areas for Collaborative Research and Training Needs

There is now active collaboration between the plant bmegdind plant pathology laborato-
ries located in ICRISAT and ICARDA. This collaboration sih@ expand in future, and
should also involve institutions from other countrieseAs requiring further collaboration
are tissue culture and methods for protein and lysine aimlyThe strengthening of
collaboration in these areas would be part of our tragjrmaeds as well.
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Utilization of Chickpea and Groundnut in Egypt;
Some Popular Dishes

M.A.Abd Allah !, Y.H. Foda!, S.R. Morco¢, and H.Z.A. Hassond

Abstract. Dishes consumed by large sections of the population from vario
socioeconomic  backgrounds are not all nutritionally adequate. Some Egypt
dishes were analyzed for their contents of carbohydrates, amino acids,
protein, fiber, ash, calcium, phosphorus, and iron. Chickpea and groundr
were added to raise the protein efficiency ratio, net protein utilization, d
gestibility, and chemical score of three of these dishes.

Introduction

Popular chickpea dishes are prepared and consumed bg b&mgtions of the Egyptian
population at varying socioeconomic levels, but soméede¢ dishes do not satisfy humar
requirements for calories and essential nutrients.

Special Egyptian cereal dishes, inclubdeleila dhurah(maize beleila ), lokmet el-kadi,
andfattir with dry dates are prepared early in the morning amek Haeen chemically
analyzed by the authors to determine their biological @alu

Materials and Methods of Preparation

The ingredients and their ratios for each dish are givedahle 1. The dishes were
prepared in the laboratory, according to traditional hods, and analyzed. Groundnut,
chickpea, and sesame seeds were supplemented to the tlisirevestigate their effect on
net protein utilization, and the analyses were repeated.

Belella Dhurah. Maize kernels were washed and cooked in boiling watetil they
became soft. Sugar, dry raisins, and milk powder wemeddtogether with a flavoring
substance, such as vanillin. The ingredients were stiaretipoured into special serving
dishes.

Lokmet El-kadi This popular breakfast dish eaten with milk was prepadrgdmixing

1. Professor, and Professor (retired), Food Science Deyeart, Faculty of Agriculture, Ain Shams University,
Shoubra El-Khaima, Cairo, Egypt
2. Professor (retired), and Lecturer, Nutrition Departmewational Research Centre, Dokki, Cairo, Egypt

ICRISAT (International Crops Research Institute foetBemi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants* Meeting, 27-30 W389, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.

79



Table 1. Ingredients used to prepare traditional and sup  plemented Egyptian foods.

Traditional Quantity Supplemented Quantity
Local name ingredients (9) ingredients (9)
Beleila Dhurah Maize 16.5 Maize 15.0
Sugar 26.6 Water 40.0
Dry raisin 12 Sugar 22.0
Milk powder 8.2 Dry raisin 10
Water 47.5 Milk powder 8.0
Groundnut 14.0
Lokmet El-kadi Wheat flour 17.2 Wheat flour (72% extraction) 14.0
Dry yeast 10 Water 27.0
Sugar 34.9 Dry yeast 1.0
Cotton seed oil 13.8 Sugar 32.0
Lemon juice 0.8 Cotton seed oil 11.2
Water 32.3 Lemon juice 0.8
Chickpea 14.0
Fattir with dry dates Wheat flour 43.0 Wheat flour (72% extraction) 35.0
Hydrogenated oil 155 Nabatine (hydrogenated oil) 12.0
Dry yeast 0.5 Water 15.0
Semi-dry dates 22.0 Dry date 22.0
Fennel 0.3 Fennel 0.2
Anise seeds 0.3 Anise seeds 0.3
Water 17.1 Dry yeast 0.5
Sesame 13 Sesame seeds 15.0

wheat flour with water and baker's yeast to form a softghoand fermented for 2 h. The
fermented dough was divided into small pieces, theadiin an open pot in very hot oil.
The fried product is usually mixed with sugar before aomption.

Fattir with date. Prepared from wheat flour mixed with water, fenneddse anise seeds,
hydrogenated oil, and baker's yeast made into a dougé.ddgh is fermented for 2 h,
divided into small pieces, and a piece of semi-dry dateddd each piece. The dough is
then baked in a preheated oven (250°C) for about 20 min.

Methods of Analysis

All food samples were dried in a vacuum oven at 70°C folh 4f8nely ground to powder,
and stored in plastic containers at 4°C before analydie. foods were analyzed for iron,
calcium, moisture, ash, fat, fiber, and protein catdeaccording to the AOAC method
(1980). The carbohydrate content was calculated bfeddfice. Phosphorus was deter
mined according to Stuffins (1967). Amino acids werendfied according to Moore et al.
(1958). Cystine and methionine were determined aftergreric acid oxidation (Moore et
al. 1958). Tryptophan was estimated after alkaline hydisl (McFarren and Mills 1952)
using acolorimetric method (Opeinska-Blauth et al.3)96

The protein quality of the different dishes was evaluatgitig the method of Miller and
Bender (1955), and casein was used as the control dietltRed traditional and supple-
mented dishes analyses are shown in Table 1.
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Results and Discussion

Chemical Composition. The chemical composition and theeotrations of some of the
minerals in the analyzed dishes are given in Tabl&atir with dates had the lowest
(9.7%) moisture content.okmet el-kadihad the lowest protein content (6.14%). The
phosphorus content dkleila dhurah(220 mg 100 ¢) was high.

Biological Evaluation. The essential amino acid composition of regular and suppl
mented diets are given in Table 3 and comparedto the FAO/WIATB] pattern. Itis clear
that there was a marked improvement in the quality of pnotdter supplementing with
chickpea, groundnut, and sesame seeds. These findinga agréeement with those of
Jansen (1974), Rosenberg et al. (1960), and Bressani @09dR), who reported that lysine
is limiting in all cereals, and tryptophan is limiting imaize.

The results of net protein utilization (NPU), true digésity (TD), and biological value
(BV) before and after supplementation of the diets are shawrmable 4. The NP U values
ofthe analyzed unsupplemented dishes were very low, thkies ranging from 20.3% to

Table 2. Chemical composition and selected mineral conte nts of tested Egyptian foods.

Carbo- Phos-
Protein Fat hydrate® Ash Fiber Calcium Iron phorus
Moisture
Local name (%) g(100g)* dry matter mg (100 g)* dry matter
Beleila Dhurah 54.50 7.73 6.90 79.90 1.30 2.30 158.00 0.63 220.00
Lokmet El-kadi 18.80 6.14 16.80 75.95 0.29 0.48 22.50 0.52 57.00
Fattir with dry dates 9.70 8.69 13.50 74.01 0.44 2.20 83.00 0.80 78.70

1. Estimated by difference.

Table 3. Essential amino acid composition (mg g ' N'!) of traditional and supplemented Egyptian foods as
compared with the FAO pattern *.

Before supplementation FAO After supplementation
pattern
Amino acids BD LK FD 1973 BD LK FD
Theronine 228 232 251 250 267 234 261
Valine 219 177 149 310 265 256 183
Isoleucine 193 88 155 250 263 163 248
Leucine 367 187 220 440 489 280 346
Phenylalanine + tyrosine 361 233 321 380 578 379 391
Lysine 72 116 138 340 127 164 208
Methionine + cystine 123 70 85 220 225 157 217
Tryptophan 27 35 31 60 36 39 41

1. See FAO/WHO 1973 for details.
BD = Beleila Dhurah, LK = Lokmet El-kadi, FD = Fattir with dates.

81



1

Table 4. Net protein utilization (NPU), digestibility (D) , and biological values (BV) of traditional and

supplemented Egyptian foods.

Traditional food Supplemented food
Foods NPU TD BV NPU TD BV
Beleila Dhurah 31.3 74.0 42.3 73.0 84.0 86.6
Lokmet El-kadi 20.3 84.5 26.0 61.0 83.9 72.7
Fattir with dry dates 23.6 78.9 29.9 65.0 82.0 79.3
Casein (8%) 82.5 88.0 93.8

I. Expressed as percentages.

31.3%. BV was lowest folokmet el-kadi(26%), while TD of the three dishes was high
ranging from 74% to 84.5%. The NP U valuefaftir with dry dates improved from 23.6%
to 65% by supplementation with sesame seeds. The NPU \@libeleila dhurahwas
31.3% and became 73% when supplemented with groundnuBMtshanged from 42.3%
to 86.6%. A similar trend was noticed for the NP U and B\bkinet el-kadiwhen fortified
with chickpea.

The results showed that the three dishes could be suppiedherith protein sources in
order to improve their nutritional value, and that groomn chickpea, and sesame seed
could be used for this purpose. Supplementatiorbaléila dhurahwith groundnut im-
proved its protein concentration from 7.73% to 11.52%, asdat content from 7.73% to
11.52%. Similarly, supplementinigkmet el-kadiwith chickpea improved its protein con-
centration from 6.14% to 10.20%, but its fat content chdngkghtly from 16.80% to
15.02%. In case ofattir with dry dates, using sesame seeds lead to similar chamdesth
protein and fat contents of the sample.

The results of this study showed that some traditionalgEigyr dishes are nutritionally
unsatisfactory, but supplementing these dishes witlanses chickpea, or groundnut can
improve their nutritional quality. This indicates podsifuture uses of these legumes in

Egypt.
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Uses of Chickpea, Lentil, and Faba Bean in Ethiopia

Senayit Yetneberk

Abstract. The most widely cultivated food legumes in the Ethiopian farmi
systems are chickpea, lentil, faba bean, and field pea. These food legumes
as important protein supplements in the cereal-based diets of Ethiopians.

consumption rate increases during fasting days (approximately 140 days
year) when orthodox Christians abstain from meat and eggs. There are

merous dishes prepared from these pulses. Several procedures such as b
roasting, fermenting, sprouting, dehulling, and miling are used in tradition
food preparations. Consumer preference  of seed quality for ease  of proces
is also indicated.

Introduction

The most widely cultivated food legumes in Ethiopa are fad@n, chickpea, field pea, anc
lentil. They are the second most important food afteralsréWestphal 1974). The total
production of legumes in Ethiopia during 1985/86 was 4@/0Q0CSAE 1986).

Food legumes are mainly eaten in stews together virjdra (a leavened bread made
from cereals), and are an important source of proteipe@sally during the numerous
fasting days (about 140 per annum). Different kinds ofdubi sprouted, and roasted food:
made from pulses are consumed as snacks. In the absepea, athickpea is substituted a:
one of the ingredients dhfa, a commercial weaning food.

A survey of faba bean utilization in the central zone ofigpha showed eight types of
traditional foods distinguished by their vernacular narf®enayit Yetneberk 1987), dem-
onstrating the versatility of faba bean and the long histirits use. This paper discusse!
the consumption pattern, grain processing, and prejparabethods of chickpea, lentils,
and faba beans in Ethiopia; it also describes the prdcicplications of processing.

Traditional Foods from Legumes

The consumption of food legumes in Ethiopia shows wideateon. Legumes are eaten in
the form of sauce to supplement the cereals-based stipte When fermented or made
into paste, legumes are served as a side dish. They aredsas a snack, when made intt
bread, boiled like rice, or roasted.

1. Food Scientist, Institute of Agricultural Researdmod Science Research Division, Nazret Research Centi
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Wot. Different versions oot can be prepared from legumes. The basic seasoning in¢
dients are onion, garlic, oil, red pepper, spices, artd $hese are made into a sauce
Whole lentil seed, or split lentil or faba bean seed is cdokea separate pan, and thel
mixed with the sauceand allowed to simmetill the mix becomes homogeneous. Thet
from split seed is calledik wot, and that from whole lentil is calledifin misir wot. With
the same basic sauce, flour from roasted, dehulled, armkdphickpea or faba bean is
used as a thickener, and the mixture is allowed to simifleis is calledshiro wot. Wots
always served withnjera, a leavened bread made from cereals. A popular and uligie
for fasting days is prepared from chickpea as follows: udegulled chickpea flour,
unleavened small breads of different shapes are bakeal day griddle. The same basic
sauce mentioned above is prepared and the bread is dfdppe the boiling sauce and
allowed to simmer. It is calleshimhra asa wot. Azifes also a popular dish for fasting days
made from lentils. Whole lentil seed is soft boiled arashed; it is seasoned with choppe:
raw onion, garlic, green pepper, lemon, oil, and salt, serded.

Nifro. Made from chickpea, lentil, or faba bean, the grain is eitlo@ked and served by
itself, or boiled and mixed with cereals, commonly whéldie cooked product is salted
and served hot as a meal or a snack.

Kollo. Prepared from roasted chickpea, lentil, and faba beaforB roasting, cooking or
soaking is involved. In case of chickpea and lentil, theaig is commonly mixed with
roasted barley or wheat. Three different roasted pradaot made from faba beafishuk
is roasted and boiled beangndushdushis soaked and roasted beans; aguhkul is
sprouted beans which are boiled or roasted. All theseuatsdare served as a snack witl
coffee or tea.

Dabo. Yeast culture is added to wheat flour and a dough is niadeg warm water, and it
is left to ferment overnight. The following day, split chpga flour, salt, and coriander are
added to the fermented dough and kneaded well, addikegwarm water as necessary. Thi
mix is allowed to stand for 1 - 2 h, then baked into bread.

Kitta. Split pea flour is mixed with wheat flour in a 1.3 proportiand made into dough,
using warm water. Salt and oil are added and the doughded well. It is baked on a hot
griddle, turning the bread occasionally to obtain ameyelden-brown color.

Elbet. Salt, fenugreek, and water are added to a mix of equagrtimns of roasted and
dehulled lentil flour and faba bean flour. A batter of gomonsistency is made, which is
poured into boiling water and cooked until it becomegkhiThe paste is allowed to cool,
and then beatewith a spoontill it becomes fluffy. It is served as a side dishith injera
together with other sauces.

Siljo. Split faba bean flour is made into a paste with an extodctooked and pounded
sunflower seeds. The paste is mixed with mustard, frestiqg and rue, and allowed to
ferment for 3 - 6 days. It is served as a side dish vinjdra, especially during the fasting
period.
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Every food legume cannot be used to make all the typesood fdiscussed above.
Chickpea makesifro, kollo, shiro, dabo,and shimbra asa wotLentil makesnifro, kolla
kik, azifa, and elbet. Faba bean makesifro, kik, shiro, endushdush, gunkul, gulbaand
siljio (Senayit Yetneberk 1987). This is by no means an exhaust of legume foods in
Ethiopia, since a detailed survey of legume preparatiossniod been carried out for the
whole country.

Legume varieties vary widely in seed size, and in suitapflotr processing. Response:
to a survey on faba bean utilization indicated that largelsd beans were not easy t
dehull, cook, and sprout, while small-seeded beans wese teadehull, but not to cook.
Medium-seeded beans were easy to dehull, sprout, an#t ¢¥etneberk 1987). The
influence of lentil seed size on husk percentage showeddbsgs due to husk abrasion ar
proportionally higher in small seeds (Williams et al.84® They have also reported tha
lentil and chickpea were relatively free of antinutrited factors although chickpea is fairly
high onflatulence-causing factors.

Cooking is an indispensible process for legume food pipen. It softens the grains
and facilitates palatability and protein digestibilityjowever, Aykroyd and Doughty (1964)
concluded that boiling, as ordinarily practiced, prblaleads to 25% losses of water
soluble nutrients. This implies that as boiling is prajed, serious nutrient losses occul

Cooking time variation among varieties and their diffdrgnowing environments was
recorded. A laboratory study on cooking time of the faba heaiety CS20DK grown in
different soil types of the central zone of Ethiopia skdwa range in cooking times of
13-25 min, after soaking for 16 h. The variation is atitdd to the levels of K and P in the
soil (Yetneberk unpublished). Estimated times taken tokclmcal varieties of faba bean
without prior soaking in farmers' households ranged frbfh with an average cooking
time of about 2 h. This leads to very high firewood consuomtiand aggravates the
existing fuel problem in the country.

For processing and consumption of legumes, the breedggstion should be directed
not only to obtaining high yields and disease resistamgeealso to improving grain quality
for processing and human consumption.

Areas for Further Research

The following are important areas of research for theirit

» Screening of varieties with short cooking time to minzmilosses of nutrients and
reduce fuel costs.

+ Development of varieties with good splitting or detadicharacteristics to minimize
grain loss due to abrasion, and to obtain clean split seedsof husks.

* Selection for low levels of anti-nutritional factors fiba bean.

* Breeding for high-protein content of food legumes to inyarehe protein intake of
consumers who depend on legumes for protein in their dady. d
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Areas for Collaborative Research

Collaborative research in breeding and agronomy of foogurtees does exist betweer
national programs and the international centers, therhatéonal Center for Agricultural

Research in the Dry Areas (ICARDA), and the Internationedp@ Research Institute for
the Semi-Arid Tropics (ICRISAT), for germplasm exchasgéeld visits, and training.
There is a need to establish collaborative research workhénfield of grain quality

evaluation through joint research, manpower and facitityelopment.

Training Needs

Essential training needs include:
* Intensive training in laboratory techniques for leguewvaluation; and

» degree-level training in food science.
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Utilization of Some Important Food Legumes in
the Sudan

A.Elmubarak Ali !

Abstract. Groundnut, broad bean, common bean, lentil, and chickpea ¢
the most important food legumes consumed daily in the Sudan in one way
another by a large part of the population. The most popular dishes are ste
curry, flafal, and soups. Since local production of these legumes cannot n
demand, the country annually imports large quantities of legumes. Prices
unstable and vary over time. Groundnut is the only legume processed on
industrial scale; it is roasted, salted, made into a paste or cake for use
confectionery or to fortify other foods, and for oil extraction. As most methc
used in the preparation of food-legume dishes are time-consuming and ex
sive, especially with regard to fuel consumption, research is required in
fields of production and utilization. The present trend to produce cheap pl
tein-rich foods  will stimulate further investigation into food formulation an
recipes containing grain  legumes, especially for breads, biscuits, wean
food, and confectionery. The food legume industry should be fully supported
a means of promoting such crops. Research should also concentrate on
trolling various undesirable aspects, such as antinutritional factors, or tho:
causing flatulence, and poor cooking quality.

Introduction

The northern region of the Sudan is the homeland of mosheofood legumes grown in
the country. Legumes are consumed daily in the Sudanrechand inexpensive source of
vegetable protein. Although production has increased iBgantly during the last few
years, the country has to import large quantities of leguarenually to meet local demand,
especially for broad bean, lentil, and chickpea. The pooien of groundnut and dry bean
or haricot bean is in excess of local demand, and appreciabantities are therefore
exported. With the exception of groundnut, the food legumeéustry is not yet well
established in the Sudan, mainly because of shortage offivawrials.

1. Research Professor and Deputy Director, Food ReseamteiCé O Box 213, Khartoum North, Sudan.

ICRISAT (International Crops Research Institute for then8-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants* Meeting, 27-30 MB91ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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Groundnut

Groundnut is the only legume not produced in the northexgion of the Sudan. It is
cultivated under both irrigated and rainfed conditioMost of the area (1985/86 - 0.7
millions ha) of groundnut production is under traditiorrainfed conditions which is
characterized by a low yield as compared to the yield $1®® - 1876 kg hd) from
irrigated areas (1985/86 - 137 000 ha). Table 1 shows tbdugztion and utilization of
groundnut in the Sudan during the 1983/84 season.

Groundnut is used as a direct and an indirect food. Thexirhetion industry is well
established in the country, and a factory has recently leetablished to produce peanu
butter.

Common groundnut products include oil, roasted seededaeed, peanut butter (lo-
cally calledfufu), and soup. Oil and peanut butter are produced on an indlscale. Most
of the roasted and salted nuts are produced by traditioredhods, using a simple pro-
cedure consisting of shelling, and roasting the nuts insaot or ashes. The typical roaste
groundnut flavor is developed during this process. Thed-Research Centre (FRC) ha
developed a recipe for making groundriddl Sudani)soup, which is a popular dish servec
in restaurants.

Although groundnut is used widely in other countries farguction of milk, butter, and
protein, such products have not yet been produced in tdarSurherefore, there is a neec
to broaden the utilization of the crop in the country. d&sh work should be directed to
develop locally acceptable products from processed ghouts. Another key area of
research is to breed cultivars or develop the technologbtain aflatoxin-free groundnut.

Table 1. Groundnut production and utilization in the Sudan, 1983/84.
(Unit x 107%)

Production

Area (ha) 770
Production (t) 413
Exports in shell (t) 7
Domestic supply in shell (t) 406
Domestic utilization

Direct food (t) 26
Seed (t) 64
Processed (t) 129
Oil production (t) 58
Oil export (t) 2
Oil used for food (t) 56

Source : CAS Current agricultural statistics (1988).

90



Broad Bean

Broad bean, or faba bean, commonly calfetl masri,is grown almost exclusively in the
northern region of the Sudan. It is the most importansgwrop in the Sudan, both in
terms of area sown and production. It is the staple foodnfidlions of people, and perhaps
the main source of protein for middle-, and low-inconteups. Since production of the
bean has not kept pace with consumption, efforts haes meade not only to increase its
yield in areas where it is produced, but also to exteacitltivation to new areas such as
Gezira, Rahad, and New Haifa to the south of Khartoum.edg@ 988) reported that broad
bean can be successfully produced, in terms of yieldesothomics in the Gezira area, but
that the quality of the seeds was inferior to that poetliin traditionally cropped areas
(Elmubarak Ali and Galiel 1988). Although there has beesigaificant increase in both
the area and the quantity produced in the country in #s¢ fgew years, the Sudan imported
broad bean during 1985 (1035 t), and 1986 (259 t) to nmemkasing demand. The per
capita consumption of broad bean has been estimatddbétkg montit during harvesting
time (March-April) and 1.16 kg monthprior to harvesting during the winter (Elmubarak
Ali et al. 1983a). This decrease in consumption was iyatue to the high prices for
which the legume is sold during winter.

The consumption levels mentioned in the surveys of 8Bare well within the range
of broad bean consumption in Egypt (Hussein 1983). A comnpattern in both the
farming and the urban communities is that broad beanedisre consumed mainly in the
morning (breakfast) and in the evening (supper), tarely at midday. Broad bean is
usually prepared in one of two ways: as a stewed dishj, or astamia (flafal). Tamiais
made by soaking decorticated dried seeds. The seedsraundjto a paste, spices and
onion added, and deep fried. Since raw broad beans dreaten in the Sudan, favism is
not commonly encountered.

Rural households often consume broad beans alone, wifl@n households more often
report combining them with other foods, such as cheeggs, and salads (Elmubarak Ali
et al. 1983b). The high demand for broad beans may béatéd to many factors such as
the high prices of meat and meat products, the relatilaly price of the bean, and the ease
with which it can be cooked at home.

Haricot Bean

Haricot bean is mainly grown in the northern region of thele, mostly in the Shendi
and Berber areas. Thmladitype, which is a medium, white, flat-seeded varigsywidely
grown (Mohamed 1983). Some trials were carried out bgddn (1969-76) to grow haricot
bean in the Central region (Wed Medani and Sennar). Altfhoresults were encouraging,
production has yet to start. About 60% of the crop produ¢2@00 t in 1985/86) is
exported annually (Salih and Salih 1985).

This bean is mostly consumed dry, although a small amaési canned. Whole dried
beans are soaked overnight and cooked with meat andfoatto sauce to form a stew,
which is usually eaten with bread or rice. The straw &mhy used as forage. Research or
the quality of this crop is limited in the Sudan, witietexception of the work done by
Hassan and Ali (1979).
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Lentils

Although the northern region is the most suitable areatlierproduction of lentil, the
amount produced locally is insufficient to meet local é@m. Since the consumption of
lentil is high, the country imports it annually (0.66 t i886). Government policy should
therefore encourage lentil production in the northern oagat least to satisfy domestic
requirements.

Lentils are used to make soup, steamia (flafal), and stuffing. A consumption survey
in the urban areas around Khartoum in 1982/83 indicated|¢mdtl is the main substitute
for broad bean in the Sudanese diet (Ali et al. 1984). phecapita consumption was
estimated to be 0.41 kg monthLentil is usually eaten at all meals.

As lentil is a processed crop, research in decorticationulshbe carried out, and
methods for improving traditional flour milling should lievestigated. The study should
also cover socioeconomic and marketing factors.

Chickpea

Chickpea is grown as a rainfed, and an irrigated crop onkémgcclays and sandy soils
(Salih 1980). The area under chickpea cultivation reptes&% of the total area under
leguminous crops. The northern region is the main chiakpeducing area. Since local
production is less than the demand, the country impodsrgain amount (3 t in 1986).

Chickpea is usually prepared in two formbalilah, and tamia (flafal). Balilah, an
important chickpea dish is prepared by boiling chickpewater with salt and sesame oil.
It is a very popular, energy-giving food, eaten especialiying the fasting period of
Ramadan. ChicJcpea is also widely used for the preparafitamia (flafal), which is eaten
at breakfast and supper.

Until now concerted efforts have not been made to inereddckpea production as it
has not been considered a cash crop. Since demand is timtlhe country could easily
become self-sufficient.

There is an urgent need to promote the production andzatibn of these important
legumes. With the present trend towards production odgherotein-rich foods, attention
will no doubt be focussed dhesecrops, and lead to the formulation of recipes containir
legumes, which are a cheaper source of protein. As mosimleg characteristically have
some objectionable factors, e.g., they produce flaittdeand have poor cooking qualities
further studies need to be made to eliminate or reducee tfeagors. These factors have
been studied in detail in some countries, so exchangenfofmation will be helpful to
those countries where such studies have not been made.
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Utilization of Chickpea and Groundnut in Pakistan

M. Akmal Khan?

Abstract. Food legumes are important and economical sources of proteil
and other nutrients in diets in Pakistan. The total annual production of chick
pea is 372,000 t and that of groundnut is 52,000 t in Pakistan, and the annt
per capita availability is 3.04 kg of chickpea, and 0.45 kg of groundnut
Chickpea is processed and used in many forms, as fresh green seed, di
whole seed, dhal, and flour, whereas groundnut is mainly consumed as whole
kernels.  The nutritive value of chickpea-based products, prepared from de
and kabuli types, and of groundnut are discussed.

Introduction

Food legumes, being economical sources of protein, caloded certain vitamins and
minerals, are an essential component in the diet of 700iomil people (Khan 1987).
However, consumption of legumes is restricted due to tagcity caused by their present
low yields and consequent higher cost, and due to certaectdefn their nutritional and
food use qualities (Elias and Bressani 1974; Khan and Ghaf878).

Food legumes improve soil fertility, and the rotation o&igr legumes with cereals
increases the yield of cereals and reduces weed, diseadejnsect problems (Borlaug
1973). Chickpea is reported to have medicinal propertiessséeds being astringent and
antibilious (Khan et al. 1989). When roasted, the grain rssiered to be an aphrodisiac
and the fried seeds are diuretic. Hypocholestrolaemiectffand diabetic management
have also been associated with chickpea (Chopra et al.).1956

In Pakistan cereals constitute the bulk of the average dhety are known to be limited
in lysine content (Khan and Eggum 1978a; Khan 1981). Inrashtlegumes are a rich
source of lysine, but are limited in sulfur amino acids (Kled al. 1979; Khan 1980; Khan
et al. 1987). Combinations of cereals and legume have begorted to meet the protein
requirement of various age groups in the population (Khaal.ett976; Khan et al. 1977;
Khan and Eggum 1978b; Khan et al. 1979; Khan and Eggum 19@anket al. 1979).

Legume production in Pakistan has not only remained atagout has actually suffered
a set-back in terms of per capita availability. Recentlywédner, more attention has been
paid to developing high-yielding, disease- and insedstast legume cultivars, and to
improving the economy of their cultivation.

1. Deputy Director General, National Agricultural ResdgaCentre, P.O. National Institute of Health, Park Road
Islamabad, Pakistan.

ICRISAT (International Crops Research Institute for then8-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 W89, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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Table 1. Area and production of chickpea and groundnut in Pa kistan, 1978/79 to 1987/88.

Chickpea Groundnut

Area Production Area Production
Year ('000 ha) ('000 t) ('000 ha) (‘000 t)
1978/79 1224.4 537.8 36.5 45.5
1979/80 1128.5 313.4 40.8 50.3
1980/81 842.9 336.9 46.5 57.4
1981/82 901.6 293.7 59.7 72.2
1982/83 892.9 491.0 69.3 84.1
1983/84 919.6 521.9 72.6 88.0
1984/85 1013.7 523.7 59.1 69.1
1985/86 1033.3 586.2 54.9 63.1
1986/87 1082.1 583.3 62.8 75.0
1987/88 820.6 371.5 66.5 52.1

Source : Government of Pakistan. Ministry of Food and Agriculture, Food and Agriculture Division, (Planning Unit) All Pakistan
Final Estimates for Chickpea and Groundnut, 1987/88.

The present paper deals with the utilization of chickpehgnoundnut in Pakistan, and
with the identification of areas for further research andeti@pment.

Area and Production Trends

The area sown under chickpea and chickpea production leamained static in recent
years, exceptfrom 1979/80to 1982/83 and during 1987/88l€TH. Ascochytablightand

weather conditions were the major causes of these fltiotusg during these periods the
areasowndeclined by 33%, and production by 31%. Grouridminly grown as a cash
crop and most of the produce is consumed as roasted nuts.t 8268t of the total area

under groundnut lies in the Punjab, 7% in the North West ffeoProvince, and 1% in

Sind (Khan and Quayyum 1986). There has been a 45% indreas&n area, and a 15%
increase in production, from 1978/79 to 1987/88 (TableThe present yield is still lower

than the potential yield obtained on research stations.

Availability

The per capita consumption of pulses in Pakistan is 15.hkgra* (National Nutrition
Survey 1988). Legumes contribute 8% protein, 8% calories 786 iron to the average diet
in Pakistan. During 1987/88, the per capita availabilitglitkpea was 3.04 kg annim
and the per capita availability of groundnut was 0.45 kg anhu

Processing of Chickpea

Before being consumed, chickpea is subjected to primarmepses i.e., dehulling, split-
ting, grinding, puffing, parching, and roasting. The imaffect of this processing is to
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improve appearance, texture, culinary properties, andtphllity; to decrease dry-matter
content, and alter the bioavailability of nutrients (Kemi1987).

Dehulling

Dehulling chickpea seed to prepadbeal involves pretreatment to loosen the seed coi
from cotyledons, splitting, and dehusking.

Inefficient traditional household milling techniqueseyd 63% dhal, and commercial
milling techniques yield only 70%hal (Malik 1980). Household processing of chickpes
into dhalreduces the levels of protein, calcium, iron, phosphathiamine, riboflavin, and
niacin it contains (Pushpamma et al. 1983). There is aenirgeed to develop loose-
husked chickpea varieties and to improve milling technglog

Puffing

Puffing chickpea improves its flavor, modifies its tex@uand helps in dry or wet grinding

(Kurien et al. 1972). For puffing, the seeds are soakedatemand then roasted on heatec
sand at 200-500°C for 1-2 min. The roasted chickpea islgenbbed against a coarse
surface to break the husk, which is then removed by winngwRrocessors prefer chick-

pea cultivars grown in specified agroclimatic tracts, athiare known to give superior

products with good aroma (Kurien 1984). Grains with 1%1dusk content are good for

puffing (Kurien 1987). There is a need to study the fextffecting puffing and develop

methods to increase puffing expansion.

Grinding

Whole chickpea, odhal, is ground dry to a flour, known asesan.The eating quality of
many chickpea flour-based products depends on flour ceipa, the degree of fineness
of grinding, mesh grades, and cooking conditions (Kuriteal €1972). Traditional process-
ing methods need to be refined to improve the nutritianedlity of chickpea and increase
the consumer appeal of products made from it.

Traditional Uses of Chickpea

Chickpea is used in many forms, from fresh green seed taddwieole seeddhal, and
flour. Methods of processing used to make traditionaklgma-based products include
boiling, roasting, frying, and puffing (largely a commigigprocess) (Table 2).

Green immature chickpea is used as vegetable. It is mixi¢ld meat or vegetables to
make curries, with rice to makglau, and after shelling the roasted pods the seeds al
used as a snack.

The most common method of processing whole chickpea isdiling it, either in an
open pan, or in a pressure cooker. The seed is usually doakenight in water sometimes
with baking soda before cooking, to reduce cooking timedSsze is important since it
affects such processing operations as cleaning, dieatidn, and sugar coating. In general,
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Table 2. Utilization of chickpea in Pakistan.

Form

Types

ofproduct

Processing conditions

Fresh green seed

Whole dry seed

Dhal

Flour (besan)

Curry

Pilau

Holan

Curry

Chaat

Pilau

Roasted chickpea

Sweet chanay

Curry

Kichri

Shami  kabab

Haleem

Namkeen dhal

Halwa

Missi roti

Pakora

Dhal  sawayan

Halwa

Mix with meat or vegetables, boil
(30-40 min) and serve with bread
or boiled rice.

Mix with rice and boil or steam (30
min).

Roast pods, and consume as a snack.

Soak, boil alone or mixed with meat
or vegetable (10-30 min), and serve
with bread or boiled rice.

Soak, boil (10-30 min) mix with po-
tato or fruits, and serve as a snack.
Soak, boil with rice (30 min) steam
(5 min), and consume as a main
meal.

Soak and puff (240-250°C, 2-3
min), dehusk, and consume as a
snack.

Puff, coat with sugar, and consume
as a snack.

Soak, boil alone or mixed with meat
or vegetable (10-30 min), and serve
with bread or boiled rice.

Soak, boil with rice (20-30 min),
steam (S min), and use as a main
meal.

Soak, boil with minced meat (10-30
min), make into cutlets, fry in oil,
and serve as a snack.

Soak, boil with ground wheat, rice,
maize, millet, and lentil, mash, and
meat, (boil 30-60 min), and serve
alone or with bread or boiled rice.
Soak, fry (20 min), and serve as a
snack.

Soak, boil in water or milk, mash,
add sugar, fry and serve as a sweet.

Mix with wheat flour, make into roti
bake (2-3 min), and consume as a
main meal.

Make thin batter, mix with vegeta-
bles and fry (2-3 min), and consume
with bread or serve as a snack.
Make dough, extrude as noodles, fry
(3-5 min), and serve as a snack.
Roast with ghee (clarified butter),
add sugar syrup, make into thick
paste, and serve as a sweet
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larger seed is considered to be of better quality andithiso preferred by consumers.
Kabulis are preferred to desis. The mean cooking time pidési is 125 min and of kabuli

is 114 min. These times are reduced to 38 min for desi 8mid for kabuli when soaked

overnight in water, and further reduced to 29 min fosidend 23 min for kabuli when

soaked in a 0.5% sodium bicarbonate solution (Khan 1988 pressure cooker kabulis
soaked overnight cook in 10 min.

Dhal is cooked until tender and soft depending on the dediegture of the finished
product. Dhalbased products are widely used in the home and on a comrhecaie, to
make curry,kichri, and shami kabab.

In Pakistan, chickpea flour is a major ingredient in &sacsuch agakoras,and in
sweets. It is also used in ground meatball preparationd, in coating fried fish and
chicken pieces. Chickpea flour is also blended with wiilear to bakemissi roti,a bread
commonly consumed by diabetic patients.

Many of the procedures adopted in product development lcavtain beneficial side
effects. Soaking reduces the trypsin inhibitor, hematjghting activity, and flatulence
sugars, since some of the inhibitors leach out during isgakkakade and Evans 1966).
Boiling softens the husk, due to the reaction of phytaithvinsoluble calcium (Ca) and
magnesium (Mg) pectates in the ceil wails to produceldelpectate. The influence of the
seed coat cell wall is a factor governing cooking time quality. During the roasting of
dhal, a brown color develops due to the Maillard reaction, #md aroma of the seed
improves, imparting a highly acceptable quality to thested product. In puffing, the seed
becomes light due to shrinkage of the endosperm and losstef,vemd the seed starch is
dextrinized (Pushpamma and Geervani 1987).

Nutritive Value of Chickpea-based Products

In practical dietetics, nutritive value and the availatyilof dietary constituents are more
important in cooked food than in raw foods. The ingratBeof dishes that go to make desi
and kabuli chickpea products, and the nutrient content oked chickpea products are
presented in Tables 3 and 4. About 50-75% of the dailyioalcrequirements of adult
males and females can be provided by 100 g of dry chickpea ddp-weight basis, 100 g
of roasted chickpea andissi rotican meet 50-100% of the daily iron (Fe) requirements o
an adult male. As Fe-deficiency anemia is a public healttblem in Pakistan, the use of
chickpea could help to ameliorate iron deficiency inlteal population.

Nutritive Value of Chickpea-based Meals
The nutritive value of composite dishes is of great impmeeg and the nutritional signifi-

cance of these dishes lies in the frequency with whiay tre consumed. The composi-
tion of some chickpea-based meals commonly used in Rakiand their nutrient content
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Table 3. Ingredients of some Pakistani chickpea products.

Chickpea
Wheat Chi-
Mass flour Potato Fat Onion Jies Salt Spices Sugar
Products Variety  Form ) (9) (9) © © @ @ (@ (9
Curry Kabuli Whole 200 - - 30 38 3 8 2 -
(Cholla) seed
Desi Dhal 140 - - 16 28 3 8 2 -
(CM 72)
Missi roti Desi Flour 100 200 - - 15 10 2 - -
(CM 72)
Pakora Desi Flour 200 - 50 250 30 1 9 - -
(CM 72)
Chaat Kabuli Whole 200 - 50 - 30 1 8 - -
(Cholla) seed
Halwa Desi Flour 200 - - 110 - - - - 150
(CM 72)
Roasted Desi Whole 200 - - - - - - - -

chickpea (CM 72) seed

Source : Khan and Jaffery 1989.

Table 4. Nutrient content (dry basis) of some Pakistani ¢ hickpea products.

- E
Prg Carbo- Crude nergy
tein ) [KJ
Fat hydrate fiber Ash Ca P Fe Zn Mn Cu

(N x (100
Products 6.25) (g 100 g™ 9" (mg 100 g*)
Whole kabuli
curry 17.7 12.6 60.9 4.4 4.4 1684 360 315 53 3.9 2.6 11
Dhal desi 20.3 12.8 60.9 16 4.4 1647 226 273 39 33 2.6 0.7
Missi roti 14.6 31 75.9 4.1 2.3 1395 239 284 6.9 4.6 5.4 0.9
Pakoda 17.2 12.4 53.4 111 59 1898 239 243 7.2 25 2.9 0.8
Cham 19.3 5.3 68.2 3.9 3.3 1555 328 279 5.8 3.6 16 0.9
Halwa 8.9 21.8 63.7 4.4 12 2573 247 126 3.8 18 15 0.6
Roasted
chickpea 21.1 5.0 60.3 10.6 3.0 1513 268 264 8.2 5.4 2.6 11

Source : Khan and Jaffery 1989.
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Table 5. Composition (g) of some Pakistani chickpea-based meals.

Meals®
Ingredients 1 2 3
Wheat flour 120.0 :
Rice - 30.0
Chickpea dhal 18.0 15.0 -
Chickpea flour (besan) - - 10.0
Semolina (suji) - - 20.0
Onion 12.0 -
Sugar - - 30.0
Vegetable oil 10.0 8.0 12.0

1. Meal 1 = Wheat bread + chickpeahal, 2 =Kichri, 3 =Halwa (suji + besan).
Source : Khan and Eggum, 1978, 1979.

are given in Tables 5 and 6. In a well-balanced diet, 28-dbthe total energy requirement
is usually derived from protein, 55-70% from carbohydradnd 20-30% from fat (Pas-
smore and Eastwood 1986). A meal containing wheat breadokipeadhalcan provide
12% of the total calories from protein, 55% from carbolaydr and 18% from fat (Table 6);
while for kichri, 10% is derived from protein, 48% from carbohydrate, &2% from fat.
Halwa provides 6% of the total calories from protein, 57% frearbohydrate, and 32%
from fat. It is evident that the first two meals compare fabdy with the characteristics of
a well-balanced diet.

True protein digestibility (TD), biological value (BV), nerotein utilization (NPU),
and net dietary protein calorie % (NDpCal%) of chickpeaedaseals are presented in
Table 7. The NDpCal% of meals varied between 4.3 and 7.3a(Kéand Eggum 1978b;
1979). According to FAO (1965) the protein allowanceseimis of NDpCal% for different
age groups are 8.0 for infants, 7.8 for toddlers, 5.9 fatdcen (4-9 years), 8.4 for
adolescents, 4.6 for adults, and 9.5 for lactating moth#&sen judged in terms of NDp-
Cal%, the protein values of a wheat bread and chicldhehmeal, and okichri are only

Table 6. Chemical composition (dry basis) of some chickp ea-based Pakistani meals.

Itf‘eric: Carbo- Crude Er[ﬁggy
Fat hydrate fiber Ash Ca P Fe
(Nx Y (100 -
Meals 6.25) (g 100 g*) 9" (mg 100 g°)
Wheat bread + chickpea dhal 143 93 650 12 23 1978 3920 190 7.6
Kichri 114 186 607 15 17 2137 51.3 1847 35
Halwa suji + Besan 7.0 182 717 09 0.7 2124 329 821 21

Source : Khan and Eggum 1978; 1979.
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Table 7. Protein quality (%) of Pakistani chickpea-basedmeals.

True Biological Net protein Net dietary
Meals digestibility value utilization protein calories
Wheat bread + chickpeghal 92.0 66.0 60.0 7.3
Kichri 92.0 71.0 65.0 6.1
Halwa suji + Besan 99.0 75.0 74.0 4.3

Source : Khan and Eggum 1978; 1979.

adequate to meet the protein requirements of childre® {ars) and adults. Similar
results have been reported by Ali and Miller (1963) and ddurs et al. (1981). The
NDpCal% ofhalwa is 4.3 and is inadequate to meet protein requiremdnis,it can be
used as a source of energy (Khan and Eggum 1979). Singiafts have been reported by
Rana et al. (1966). Cereals and legumél$ continue to be the majaourcesof protein
and calories in Pakistan and protein needs can be mgigad legumes are made available
at the required level.

Traditional Uses of Groundnut

Groundnut is widely used in Pakistan in the roasted fasna snack food by all age groups,
but more by preschool and school-going children. It is alsed in confectionery and
baked products.

Over 300 uses of groundnut have been developed, includsnfpod, feed, and in the
manufacture of industrial products. These products hewdwave not been popularized
because groundnut production in Pakistan is low. Siheeentire produce is consumed as
roasted nuts, it becomes imperative to determine thehnithonal quality.

Nutritive Value of Roasted Groundnuts

The chemical composition, calorific values, and protgimality of some varieties of
groundnut grown in Pakistan are given in Table 8. Theginocontent was highest (30.3%)

Table 8. Nutritive value of roasted groundnuts consumed in Paki stan.

Energy
Protein Fat Fiber  Ash [KJ Ca P Fe Zn
(100 NDpCal
Varieties (g 100 g Y (mg 100 g™
Banki 279 467 5.0 3.9 2623 55.2 288.2 13 4.7 8.5
Hsuji 26.8 48.2 49 3.8 2661 64.0 310.9 15 4.4 8.6
Kurram 30.3  46.0 4.3 33 2657 62.8 348.2 14 6.0 8.4

Source : Khalil and Chughtai 1983.
NDpCal % = Net dietary protein calorie percent.
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in kurram. With respect to the Recommended Dietary Allowances, 100f goasted

kernels can furnish 7% of calcium, 39% of phosphorus (P), d4on, and 33% of zinc
(Rana and Khan 1986). Lysine was the first limiting aminia &c all varieties. The protein
value, which is an index of nutritional quality, is a protdwé both the quantity and the
quality of proteins, and is expressed in terms of NDpCal% réasted groundnut. The
NDpCal% values vary between 8.4 and 8.6, and are adequaté! fage groups. Groundnut
and its derivatives could enter into commercial compenitivith other oilseeds if produc-
tion were able to meet the demand.

Future Research Areas
Chickpea

Higher and more stable yields should be the primary objectif chickpea improvement
programs. The increase in yield should not be at the expehseoeptability in the
marketing system, or of protein or lysine content. The niogtortant factors to breed for
are: sulfur amino acids, tryptophan, lysine, protein, éasged size, regular seed shape
low decortication loss, low gasogen (flatus producing &rz®s) content, and resistance tc
pest infestation during storage.

Economic studies should be carried out on cultural prastitecluding use of fertil-
izers, pesticides, and other direct inputs, relative tarrs obtained from different legume
genotypes grown in different environments and locatiodReassessmentsll need to be
made for new varieties as these are developed. The efféctppbved agronomic practices
should be more carefully studied, particularly on the viitarand mineral contents of
chickpea seed. Studies concerning the interaction betwat#ivars and such factors, and
their effect on nutritional composition would be desirable

It is particularly pertinent to study the functional profes and biochemical changes in
proteins and carbohydrates induced by cooking, becausditfestibility of protein, and
the availability of amino acids are low even after cookinge Tosses and bioavailability of
minerals and vitamins should also be studied. The presehhemagglutinins, cyanogenic
glucosides, estrogenic factors, metal-binding constitsieand toxic amino acids in chick-
pea also needs to be investigated. The effect of chemicatntemts to control insect
infestation and microbial growth on nutritional qualityosid be examined.

Research is needed on storage stability, postharveshdémyly including processing,
food-product development, cooking quality, and consumereptance. The processing
technologies that are largely traditional, and partiallgcimanized versions of age-old
home-scale techniques, need to be further improved aftepep understanding of the
principlesinvolved.

Groundnut

More area should be brought under improved technology foumdnut cultivation.
Farmers should be encouraged to sow high oil yielding viesetBreeding efforts should
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focus on improving the quantity and the quality of oil anélaty and reducing the various
anti-nutritional factors. Groundnut can only be crustiedoil in Pakistan if there is a

market, and a fair price to the farmers for their crop. Naery for shelling seed,

expelling oil, and processing oilcake should be madédasiilable. Groundnut seed may
be partially defatted to produce kernels high in protein lavd in oil content. Such nuts

have longer shelf-life and can be processed into a variffipal products by using various
additives. The level of aflatoxins in fresh and processesugdnut products should be
continuously monitored and methods for detoxificationtlod contaminated products
should be improved.
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Uses of Grain Legumes in Bangladesh

A. Ahad Miah'

Abstract. Among the pulses that are grown in Bangladesh, chickpea is tl
third important pulse crop after grass pea and lentil. Pulses still provide th
only high-protein component in the cereal-based diets of the vast majority

people in Bangladesh. About 10-15% of chickpea whole seed is wused in

preparation of boot birani while chickpea dhal flour (besan) is wused in the
preparation of pianjoo, beguni, chanachur, roti, bundiand halua. Pigeonpea

is a minor legume crop and about 2500 t are produced annually. The crop
entirely consumed in the form of dhal. The young leaves and shoots are used
fodder. The husk and pod walls are used as cattle feed. The stems are use
fuel and many farmers grow pigeonpea primarily for this purpose.  Groundn
is the second important oil seed crop. About 90% of groundnut is consumed
the form of nuts and very little usedfor the extraction of oil. Roasted nut is t
major product followed by confectionery items, peanut butter, and oth
snacks. Puffed and sprouted chickpea, and chickpea based weaning food
children are some of the avenues for potential alternative uses. Groundnut

boiled groundnut, groundnut milk, peanut butter are items that could find rea
acceptance. There is a need to improve the production of these legumes
increased utilization.

Introduction

Food legumes, particularly pulses, are important fomdBangladesh. Pulses have beer
considered as the cheapest source of protein for humanseinge the dawn of civiliza-
tion (Kay 1979). In fact, they still provide the only highetein component in the cereal-
based diets of the vast majority of people in Bangladesh.

Many pulses are grown and consumed in Bangladesh. Thekede: grass pea, lentil,
chickpea, black gram, mung bean, pea, and pigeonpea.sRudser an area of about 0.3
million ha (less than 3% of the total cultivated area) anolduce about 0.2 million t of
grain (less thar2% of the total grain production) in the country (Table 1)h(Aed 1984).
There is an acute shortage of pulses; the present per ea@tmbility about 7 g capdt'
day?, is far below the recommended consumption of 60 g chplaty’. As a result, the
majority of the people suffer from protein malnutrition AR1 1987).

1. Principal Scientific Officer (Pulse), Bangladesh Aguitural Research Institute, Joydebpur, Gazipur,
Bangladesh.

ICRISAT (International Crops Research Institute for tBemi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 M0, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.

107



Table 1. Area and production
1982/83 to 1986/87).

of chickpea, groundnut, and pig

eonpea in Bangladesh (5 years' average from

Crop/season

Area
('000 ha)

Production
('000 t)

vield
(t ha't)

Chickpea
postrainy

Groundnut
postrainy
rainy

Pigeonpea
rainy

55

18

4

37

22

2.5

1.22

0.63

Source : Bangladesh Bureau of Statistics 1987.

Traditional Uses of Chickpea

Chickpea commonly calledhola, is the third most important pulse crop, after grass pes
and lentil in Bangladesh.
Most of the produce (60-65%) is consumedihalwhich is cooked with hot spices and
consumed with rice. It is also cooked with meat, eggs,\eygtables, and consumed as
curry with rice, chapati, or parota. Sometimes,dhal is mixed with rice and cooked to

makekhichuri, which is consumed as a main dish with egg, or meat curry.

Whole seeds are rinsed with salt water and roasted witddlsquantities of turmeric
paste, on hot sand, and eaten as a snack. Whole seedsamsoaked in water overnight,
boiled, and fried with oil, using salt, onions and chiliédout 10-15% of chickpea grain is
used for this preparation, calldxbot birani.

Dhal is ground to make flour, callelesan,and used in the preparation of several hot
snacks, such gsianjoo, beguni, chanachugnd a sweet snack, calldaindia. Pianjoois
prepared by mixindesanpaste with sliced onion, salt, and other spices, daep frying
in oil. Beguniis prepared by applyingesanpaste to sliced eggplant, and frying it in oil.
To preparechanachur, besarpaste is fried in oil as flakes, and mixed with rodste
groundnut, mung bean, and lentil seed. To prepmuria, besanis mixed with wheat
flour, formed into small balls fried in oil, and thenaked in a thick sugar solution.

Another sweet snack calleldalva, is prepared from dehulled seeds, which are soakec
overnight, boiled, and then made into paste. The pastedked with sugar, butter or oil,

and aromatic spices. About 10-15% of the total produceéd ts makehalva.

In some parts of Bangladesh, chickpea flouris mixed wikleat flour to makehapati
a common food of Bangladesh. Chickpea flour made frond-saasted grain, called
chhatuis also consumed after mixing with molasses. About 1-2¥hixkpea seed is used
for this purpose. In some places, tender leaves are usedegetable. About (10-12%) of
total production is used for seed.
Dried and broken stems and pod hulls left after threshargl the seed coat that
remains aftedhalmilling, are used as cattle feed. Whole grains aeked overnight and

fed to horses.
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Traditional Uses of Pigeonpea

Pigeonpea, commonly callearhar, is a minor grain legume crop in Bangladesh. It |
grown on about 4 000 h, and produces about 2 500 t of grainaly. As afield crop it is
grown only in small areas, and around homesteads, onlfigids, or as hedges. Pigeonpe
is a very long-duration crop, taking around 300 daysn&dure, and its yield potential is
low. The uses of pigeonpea in Bangladesh can be summasséallows.

* The entire produce of pigeonpea seed—except the amatired for seed—is con-
sumed as cookedhal.

* The young leaves and shoots are used as fodder. The hdsgoal walls are used as
cattle feed.

* The stems are widely used as fuel by the majority of thel nppeaple. Many farmers
cultivate pigeonpea primarily for use as fuel.

Traditional Uses of Groundnut

Groundnut, commonly known &Shina badamyranks third in area (18 000 ha), second i
production (22 000 t), and first in yield (1.22 tHaamong the oilseed crops of Ban-
gladesh. It is cultivated in both the rainy and postrasegsons. Although groundnut is
considered an oilseed crop, 90% of output in Bangladesbnsumed as nuts, and no oil is
extracted from it.

Groundnut is very popular in Bangladesh for its many usdmut 60% of the total
produce is directly consumed as roasted nuts, 20% is asméke different confectionery
items, 10% is used to prepare peanut butter, home-maéetswand snacks; and the
remaining 10% of the produce is used as seed.

Alternative Uses of Chickpea and Groundnut

There are many potential alternative uses of chickpeagaodndnut in Bangladesh. The
mechanization of processing chickpea- and groundnseddood products will go a long
way to improve theirnutritional quality and taste, and will popularize differentfood
products (Saxena and Singh 1987). The cereal-based toteim diets of the people of
Bangladesh could be supplemented with low-cost chickp@aein used in combination
with cereals. For example, weaning food for children,dagbout 5-6 months, could be
prepared using chickpea flour in combination with whesatybean, groundnut flour, or
skim milk powder. Puffed chickpeaeedsmixed with salt andchili powder is a popular
snack food in Bangladesh, made at present with imporgdxik type chickpea. Sprouted
chickpea seed is becoming popular in Bangladesh.

Groundnut oil, milk, and butter, boiled fresh groundrartd groundnut-enriched bread
could find ready acceptance in Bangladesh, if they wenméde available at an affordable
price (Kaul and Das 1986).

Legumes play a vital role in the economy of Bangladeshuppbying vegetable protein
to human diets, and nutritious feed to livestock. Thaprove the productivity of the soil
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through fixing atmospheric nitrogen. However, before pmgential alternative uses of
chickpea, pigeonpea, and groundnut in Bangladesh can blerexipor exploited, more
emphasis should be placed on increasing the productiaisi®f these crops.

Further research efforts are required to determine axpdave the nutritional quality of
the traditional food items that incorporate grain legsmand to find suitable alternative
uses for them as substitutes for animal protein, to prowdeaper balanced diets in
Bangladesh.
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Discussions

* The area under chickpea cultivation has increased sutiisiig in Australia, Turkey, and
Spain. The influence of salt-laden winds on the phyggloef chickpea grown in the
coastal areas of Myanmar (Burma) needs to be explored.

+ It is essential to have reliable, rapid, simple, and nstrdetive techniques to assess the
heritability of quality traits.

» Chickpea protein is important in the diets of people imyaountries. The protein is
highly variable as it is influenced by several factorshsas soil type, environment,
irrigation, fertilizer application, etc., though it waeported to be less affected by these
factors in Lebanon and Syria. To produce chickpea of statiéein content, the above
conditions may sometimes have to be controlled. Therend correlation between
improvement in protein content and the loss in the qualitypr@tein, such as that
incurred by a decrease in lysine.

» Cooking time is important but is highly variable, and Basnomic implications.

» The reasons for uncookable seed (stony) characteriatesiot well understood, but are
of minor consequence in chickpea. Hydration (water ghtsom) is related to cooking
time. Seed size is also related to cooking time and coresilden important and practical
selection criterion in breeding programs.

» The processing quality of chickpea is important, antelated to pericarp thickness and
cotyledon hardness that are influenced by the environnigme heritability of these two
characteristics has yet to be established. A comprorhase to be reached on yield
versus grain quality when a desired quality characterisgtiéncorporated. The heri-
tability of grain quality factors should be better undeocst. Farmer and consumer
preferences should be considered.

* The amount of chickpea used in puffing (parching) and thelity characteristics of desi
and kabuli types that are related to puffing need to beiedud

* In chickpea food processing, it is essential to deteemihe role of such different
functional properties as water absorption, oil retentiemd shelf-life. Efforts should be
concentrated on identifying regional usage and the &ssakc functional properties.
These functional properties should then be translatea different grain quality traits
and the feasibility of breeding for such traits should bplesed.

« It was noted that producers in Syria take great care to tamiainthe quality of chickpea
products such agladami safra.

* A small portion of chickpea produced in Turkey is used tgare a glue-like substance
used in the plywood industry and as a soup-thickener.

» Supplementing traditional foods with chickpea in thenfiosf whole seeddhal, or flour
greatly improves their nutritive and biological value,iwih should be evaluated with all
new formulations using chickpea.

* The keeping quality of chickpea flour influences its somption, and is determined by
its fat content, and the environment in which it is stored.

» Attempts should be made to understand and improve thitiwaal systems that are
used to make food products; where commercial methodsdceimplify the process,
these should be encouraged. While evolving new proogssiethods and food products
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for various regions, the role of cultural practices araditions of the region must be
well integrated if products are to be accepted by consumers.

Subjective evaluations have more influence on qualityprocesses and products than
objective evaluations, and often determine their acoege. Therefore, efforts should be
made to translate subjective evaluations into objectiaés.

Major contributions to improving quality aspects mayamohieved by genetic engineer-
ing even though this is still in its infancy.

There is a strong need to find alternative uses for chizkpecreasing production of
chickpea itself is very important; since chickpea can olmdyconsidered as an animal
feed when the production exceeds its demand for human ogtsan.
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» review existing knowledge on uses of (in this case) cteekp
¢ identify areas for further study,

* research ideas to provide new end uses,

 identify areas for collaborative research, and

* identify training needs

Review Existing Knowledge on Uses of Chickpea

This was considered from two aspects; the composition agigr, and the survey
approach.

Composition approach. This was discussed in the light of documented data coimgrn
the constitution of the chickpea, and of the influences ofhpry and secondary processing
practices on the composition.

The deliberations are summarized in Table 1. Check mar#ticate areas where it was
felt that knowledge was adequate to predict the influerafethe various parameters on
composition. It was apparent that our knowledge on thkiéntes of procedures such as
fermentation and frying, and the interrelationships betwparameters such as fiber con-
tent and viscosity is inconclusive or completely absenacRcally no knowledge is docu-
mented on the influences of parameters such as fiber mootestarch gelatinization pattern
on the taste or texture of popular foods. The difficultidsth® breeder in enhancing
nutritional quality of chickpea-based food that is accklgdo consumers were discussed

Needs for improvement in the level of knowledge of the abaetofs were identified as
follows:

» Develop reliable test methods.

« Determine range and standard deviation of a represeatatiarge population of ge-
notypes grown in the same location.

« Determine heritability, using a statistically suffinotenumber of genotypes.

* Determine environmental effects (location and season)

* Develop network of testing laboratories which agree widbheother within reasonable
limits.
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Table 1. Summary of current knowledge on chickpea consump tion.

Constituent/ Primary Secondary Physical/
parameter processing® processing? physicochemical®

* ok ok * ok ok *

Protein

Starch

Fiber

Oil

Sugars
Oligosaccharides
Polyphenols
Hemagglutinins
Trypsin inhibitors
Amylase inhibitors
Phytate

Metals

Chemical residues
Lysine
Methionine
Tryptophan

* ok Kk

**

1. Dehull, mill, grind, sprout, ferment, puff.
2. Soak, boil, roast, fry, bake.
3. Seed size, color, seed coat, viscosity, hydration cgpaci

Survey approach. Since the primary objectives of the meeting concernedéutses of
three food legumes, it was felt that it would be very helpto first find out more about
what consumers like or dislike about present foods and dlematerials used in their
preparation. A consumer can be described as someone whirexc@ commodity or
product and disposes of it as a finished product. Primangemers acquire raw materials
as grain, and process them into secondary raw materials,aadhal or besan.Secondary
consumers acquire partially processed raw materialsnfpoimary processors, and dis-
pose of them as foods. Tertiary or "final" consumers aeg@oods from primary or
secondary consumers and eat them. At all three levetsuwmers have individual prefer-
ences; however, a survey of a sufficiently representativelrer of consumers should leac
to a consensus on some aspects. It is likely that the agpests which most consumers
would agree would be the most important aspects. Stepss@ry to conduct the survey
were identified.

« Develop questionnaires (three; representing primaegosdary and final consumers).
» Identify scrutineers (people to carry out the survey).

e Organize format and methods.

e Organize reporting.

« Organize financing: (transport, daily expenses, s@splprinting, sample bags, etc.).

The following factors should be covered in the questioresai

* Quantities acquired, physical form, price etc.
 Primary and secondary processing methods, recipes, etc.
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» Attractive features, appearance, taste, texture, imthlgirocessing potential (part of the
survey of consumers could involve showing the indusiiramary consumer samples of
chickpea of different sizes, shapes, uniformity, coletc. and asking for their prefer-
ences, with reasons), etc.

 Raw materials and ingredients, including spices.

* Other foods that are consumed along with chickpea-béseds.

On the subject of new foods it was felt that it was not the m@ndf an international
center to develop new types of food, and that new foods wesre likely to happen as a
result of industrial involvement. The consumer surveyymmaveal several home-made
foods with a high degree of acceptability, which are mohmercially available. It would
then be possible for an institution such as a universityesearch institution with a food
technology facility to develop the recipes and processeshieir commercial exploitation.
Industry-scale development, and introduction throudbeatising and provision of samples
could then lead to the development of new foods. Surveysrad dwellers, for example,
may reveal food that city dwellers have not encountered,vbhich may receive great
acclaim. Any new food would require both compositionad antritional evaluation.

Identify Areas for Further Study

1. Alternative industrial uses of chickpea, includingiwidual constituents:

starch (possible use in paper industry, etc),

cell wall fiber (this constituent of field pea is inghi demand in western-style baking
industries),

e gums,

« seed coat (abrasive, stuffing material, etc), and

* protein (production of textured vegetable protein prduetc).

2. Development of alternative types of foods:

* baby and weaning foods,

» domestic animal food concentrates,
» chickpea milk,

e therapeutic uses,

e soups and thickeners,

» pet foods, and

» others.

3. Standardization of methods for testing compositionritional and functional properties
of chickpea. It is essential to have agreement among t&tenand centers as to the

properties of chickpea genotypes and foods made fraamth

4. Effects on storage on compositional, nutritional, pbgsand functional properties of
chickpea. This includes length of storage, storage itants (temperature, humidity, baro-
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metric pressure, atmospheric composition, etc), andatoats (plastic or fiber bags, metal
or plastic containers, etc.)

5. Economics of production and use of new products. Theeldpment of a new food
product or the use of a legume by the food-processing ingusts to be studied from all
aspects to ensure improvement of the economic statul @fwolved in chickpea produc-
tion and utilization.

6. Legislation of new product development. A new produad to conform to government
regulations on composition, length of time between paithin and utilization, packaging,
advertising, etc.

7. Development of cultivars with better dehulling propest The group felt that research
should be directed toward improving the dehulling proigsrtof chickpea. This would
involve study of:

» Seed coat composition and thickness

« seed morphology and histology, and

» dehulling equipment inhal mills, with possible extension to development or adtiph
of laboratory-scale dehulling equipment. This could eualy lead to improvements in
the efficiency of dehulling/splitting of chickpea fosaiby agro-industries.

8. Further research on cooking properties needs to comtentn:

* besanand other flours,

* hydration and fat absorption capacities,
» amylose:amylopectin ratio, and

» other parameters

Identify Areas for Collaborative Research

Four areas for possible collaborative research weratified:
1. Food utilization and acceptability survey (describedval). This survey should be as
comprehensive as possible, and could involve internaticenters, universities, govern-

ment institutions, and the larger food processing caapons. It should be coordinated
from ICRISAT, since chickpea finds extensive use in théidm subcontinent.

2. Standardization of methods. A manual should be prepanedcirculated for comment
to research centers in countries where chickpea is usednlthen be finalized and used as
a reference manual for all institutions involved in aséyand evaluation of chickpea.

3. Collaborative evaluation of varieties and environna¢mffects.

4. Establishment of reference sample system. This woullide provision of samples, and
circulated reports on results, to evaluate inter-labmgatagreement.
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It was felt that the development of a network of laborig®mworking together in these four
areas would be very beneficial to all aspects of chickpdaation.

Identify Training Needs

The group considered that scientists, research asssciaésearch assistants and techni
cians could benefit from training in the following areas:

* laboratory methods for determination of compositiamd evaluation methods,

» acceptability parameters,

» short-term (early generation) and long-term (advanceterl) evaluation of chickpea
genotypes,

» use of laboratory equipment; this would involve fundinfglaboratory equipment for
training purposes in many institutions in developirmgictries,

» use of computers in data processing and report develofpnaed

» pilot chickpea processing and food preparation plant

The training itself would involve:

« training sessions at institutions with well-establidhaboratory facilities,
» preparation of comprehensive manuals,

* intensive hands-on workshops for small groups of tranead

» follow-up training by exchange of samples and data.
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Production Aspects of Pigeonpea and Future
Prospects

Laxman Singh'

Abstract. The current production of pigeonpea in the semi-arid tropics i
principally  confined to the Indian subcontinent (particularly India and Myan-
mar), eastern and southern Africa, and the Caribbean. Except in Austral
where extensive commercial production has recently been catalyzed, the ct
vation of pigeonpea is practiced by small farmers to meet domestic needs
food (as dry grain, split dhal, and green vegetable), and for animal feed and
fuel wood; to produce a marketable surplus for cash income, and to form
important ~ component  of intercropping in  cereal-based production  systems
sustainability, and risk  aversion.

The production is constrained by the current cultivation practices; les
productive  land-resource  allocation, excess water or drought stress peculiar
rainfed agriculture, and losses caused by diseases and pests, and long-di
tion cultivars of 160-250 days. Other problems are; inadequate support f
technology generation and its transfer, the lack of stress-resistant, high-yie
ing genotypes, agronomic management, new production systems, and lack
utilization  research and promotion, both  of processed and raw material, fi
human and animal  consumption.

The future prospects for enhanced and sustained production are bright,
that new short-duration cultivars (90-130 days) make pigeonpea amenable
field-scale cultivation as a sole crop in several production systems involvit
multiple  cropping, both  under rainfed and irrigated farming systems. Ne
genotypes in the long-duration group with stable resistances to major disea:
(fusarium  wilt and sterility mosaic disease) are available. They will contribut
to the improvement of the traditional intercropping or mixed cropping produc
tion system of annual crops, and short-lived perennial to alley and agroforest
systems.  However, instability of production under rainfed conditions caused
excess or reduced rainfall, and diseases and pests, still remain major issues
research in the short-duration group of cultivars.

1. Principal Plant Breeder, International Crops Resedrdtitute for the Semi-Arid Tropics (ICRISAT), Pa-
tancheru, A.P. 502 324, India.

Presently Principal Pigeonpea Agronomist, ICRISAT, C/AWSTRC, J.P. 31 SAPGRAD, P.O. Box 39063,
Nairobi, Kenya.

ICRISAT Conference Paper no. CP 627.

ICRISAT (International Crops Research Institute for tBemi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants’ Meeting, 27-30 W89, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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The potential exists to new niches of production systems using short-dut
tion cultivars, provided simultaneous research and development are carril
out for appropriate utilization. A quantum jump in productivity could be
achieved by using hybrid pigeonpea, new dwarf plant types, biotechnolc
techniques for introgressing incompatible  wild species for germplasm develo
ment, and new sources of tolerances to abiotic stresses (drought and salini
and biotic stresses (insect pests and diseases).

Introduction

The pigeonpea is a member of the subtriBajaninae, tribe Phaseoleae,and family
LeguminosaeAlthough it is often stated to be a monotypic genus) der Maesen (1986)
proposed merging of the related species of gektysosia, wherebyCajanusnow numbers
32 species. According to him, the Indian subcontinentaios 17 species, Australia 13
species, and New Guinea and West Africa one species each.

Van der Maesen (1980) concluded that evidence pointsntdnaian origin of the
pigeonpea, from where it was most probably distributedfrica, by two millenia BC at
the latest. He also suggested that Africa is a secondarter of origin.

Pigeonpea is inherently a perennial, erect, bushytpldaowever, it is also cultivated as
an annual crop, with a range of maturity duration from®@%0 days. It can grow over 3
m tall, has woody stems, and a long tap root. Plant type growth habit exhibit wide
variation. The angle of primary branches determine gread of the plant, varying from
compact types with acute branch angle, to open typeh wtituse branches. The leaves are
trifoliate, having lanceolate to elliptic leaflets theate acute at both the ends. The inflores:
cence is an axillary raceme, varying in length from 42ccin. The dry seeds vary greatly
with respect to their size (100-seed mass 2-24 g), shapendr, oval, or flattened), and
color (white, brown, red, purple, or black). The seed t®amooth, and the cotyledons are
light yellow. In general, there is no seed dormancyd garmination is hypogeal.

Pigeonpea is a quantitative short-day plant. Becauds eéinsitivity to photoperiod and
temperature interactions, sowing time and locatiotugrice both plant growth and phenol-
ogy. Short-duration pigeonpea cultivars are less sieestb changes in daylength than
medium- and long-duration ones.

Production and Uses

Pigeonpea grows well in subtropical and tropical envirents, extending between lati-
tudes 30°S to 30°N, at elevations from sea level to 2000nehial accounts for more than
90% of the world's pigeonpea production and area (TableOifjer major producing
countries are Kenya, Uganda, Malawi, Myanmar, Tanzdpigrto Rico, the Dominican
Republic, Venezuela, and the Caribbean islands. Aam@ production figures are often
underestimated because a considerable amount of the israprown on homesteads,
borders, and hedges, and consumed in rural householdsyagrdin and green peas.
Although little of the crop enters world trade, pigeonpeéhe fifth most important pulse
crop in the world after bean, pea, chickpea, and broad.be
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Table 1. World area (ha), production (‘000 t), and yield (kg ha™) of pigeonpea *.

1980 1987

Area Production Yield Area Production Yield
Countries (ha) ('000 t) (kg ha™) (ha) ('000 t) (kg ha™)
Bahamas 420 F? 520 F 1238 510F 660 F 1294
Bangladesh 3737 2 780 744 2 500 2000 800
Dominican Republic 14915 10 331 693 11 769 10 966 932
Grenada 500 F 901 1802 420 F 630 F 1500
Haiti 8 500F 4000F 471 8600F 4400F 512
India 2 731 000 1 757 000 643 3235 700 2 316 300 716
Jamaica 2 462 2 351 955 1971 1813 920
Malawi 125 000 F 84 000 F 672 134 000F 90 000F 672
Myanmar 31277 20 520 656 53 612 36 014 672
Nepal 16 400 F 9000F 549 22 800 F 12 400F 544
Pakistan 2 800 F 1500 F 536 2 200F 1000F 455
Panama 2100F 2004 954 2900F 2 500F 862
Puerto Rico 6 485 5216 804 5 100F 3400F 667
Tanzania 36 000F 22 000 F 611 63 000F 40 000F 635
Trinidad and Tobago 1750 F 3 532 2018 950 F 1300 F 1368
Uganda 50 000 26 000 520 54 520 24 950 458
Venezuela 6 624 3 447 520 8 900 5 200 584
World total 3039 970 1 955 102 643 3 609 452 2 553 533 707

1. Estimatesor Kenya not available.
2. F=FAO estimates.
Source: Personal communication by Dr E.A. Kueneman, FR@ne.

The crop is most commonly grown for its dry, split se@disal), but seeds are also
eaten asagreenvegetable. Inthe Caribbean islands (plariicthe Dominican Republic
and Puerto Rico) the crop is grown primarily for export, andned green seeds are
exported to North America.

Dry seeds and the by-productsdifal manufacture, together with leaf and pod residues
after harvest, can provide suitable feed for ruminantsich may also browse the standing
crop (Whiteman and Norton 1981). Grain, whole pods, and imglltrash, suitably pro-
cessed and mixed with additives, have been proposed agstgssfor soybean and maize
in poultry and pig feed (Wallis et al. 1986).

Dry stems of pigeonpea are an important source of foelural India. Average stick
yields of 7-10 dry t hd-are routinely reported, and yields of 20 t*h&rom irrigated, short-
duration varieties have been reported (ICRISAT 1986).-Bym material of pigeonpea is
also used for fencing, the construction of thatch roofd lmasket making. In some semi-
arid regions of northern India (Haryana), farmers payf bied wages in the form of dried
threshed stems for harvesting, threshing, and baggingpjga seed.

The pigeonpea plantis also used as a host plant to rearskacts. If pruned to prevent
flowering, the plants can be maintained as lac hosts f@rakyears.
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Cropping Systems
Intercropping

The prevalent production systems for pigeonpea aredbase medium- to long-duration
(160-250 days) types, and virtual shortlived perennyjaes. In rainfed agriculture, these
cultivars are adapted as components of mixed-croppinttercropping systems with such
crops as sorghum, millets, maize, cotton, upland riceugdnut, soybean, and root crops.
These are proven systems used to maximize stabilitggoifcultural production in central
and peninsular India (Rao and Willey 1980). Dryland egliure is characterized by high
variability in the incidence of rainfall; for subsistanéarmers at least, stability of produc-
tion over seasons is a more important consideration Hiarply pursuing high yields. The
characteristics, advantages, and disadvantages of thstensy are discussed by Willey
(1985). Rao and Willey (1980) found a 11 or 2:1 propamtiof sorghum:pigeonpea in an
intercrop quite an efficient system in India, and Kanmaiyet al. (1986) reported maize/
pigeonpea intercropping to be a productive system amiia. The range of cropping
systems involving pigeonpea in India has been summedrizy Singh (1980).

The productivity of medium- and long-duration pigeonpeia the cropping systems
mentioned above is not only constrained by high variapibf moisture availability in
rainfed agriculture (waterlogging, intermittent, angrminal drought), but also by other
biotic and abioticstressesThe biotic stressesf diseasesprimarily fusariumwilt and
sterility mosaic, localized diseases (witches'-broomteraaria blight, phytophthora blight,
dry root rot, and collar rot) and of pests (primarily thedpborer and the podfly and
localized sporadic infestations by blister beetles, and-pocking bugs) also pose severe
constraints to yield.

Short-duration pigeonpeas, just as medium- and longddan ones can also be inter-
cropped with short-statured grain legumes such as nheam, urd bean, cowpea, soybean,
and groundnut.

The Postrainy-season Crop

In areas where total annual rainfall is > 1000 mm, withdevi seasonal distribution of
rainfall (e.g., with bimodal distribution), moderate warm winter temperatures 25-35°C,
and deep, moisture-retentive soils, it is possible ¢av pigeonpea well after the longest
day. This even further widens the flexibility of pigeonpi@abeing able to fit into various
cropping systems. In northeastern India (Bihar and VBestgal) Roy Sharma et al. (1981)
and Sengupta (1982) reported 2-3 t'hgields of pigeonpea from Sep-Oct sowings. There
is a large potential for growing pigeonpea in rice falsy considering the area of such land
in India, Bangladesh, Myanmar, Sri Lanka, the Philipginand Thailand.

The Multipurpose Perennial

The multiplicity of uses and perenniality of pigeonpewmkes it a good choice for
agroforestry systems, as an alley crop, as an intercrofgrée plantations of coconut,
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rubber, oil palm, or forest trees, and in resting shiftingtiwation lands. Pigeonpea is
widely used as a backyard or garden crop, particularly inigsfrand the Caribbean, and
also in parts of India and Southeast Asia. Such plantsiareltaneously used for their dry
grain, and green seeds, and as fodder, construction ragtand fuelwood. It is difficult to
quantify production in such systems in comparison to fieddie commercial cropping.

Combined resistance to fusarium wilt and sterility mosdiseases have now been
identified in medium- and long-duration pigeonpea wikitedlent agronomic traits. These
cultivars can be grown as perennials for 3-4 years. Howeimesome regions, diseases,
e.g., rhizoctonia root rot, and attack by white ants alsostrain perennial pigeonpea
production.

Future Prospects

Intensive research efforts on pigeonpea improvementuibeig the early 1970s, have
resulted in the development of short-duration genotypesdering pigeonpea amenable to
field-scale cultivation as a monocrop. Short-duratiomalgpes permit the use of pi-
geonpea in double- or multiple-cropping systems, asmistirom their traditional use as a
long-season crop. Such cultivars (ICPL 151, Manak, AL 1BAS 120) have been adopted
in pigeonpea-wheat rotations in wheat-growing regionsnafid; the pigeonpea is grown
during the monsoon period and harvested by November, in tomsow the winter cereal
crop.

Being less sensitive to photoperiod and temperaturerantmns, extra-short-duration
genotypes (maturing in 90 days at ICRISAT Center) have thential to extend the area of
adoption of pigeonpea from the equator to 45° latitudes N @&ndnd higher altitudes. In
Sri Lanka in South Asia, and in Trinidad in the Caribbeantt{bat latitude 8°N), short-
duration pigeonpea, when grown at any time of the year,beaharvested for mature pods
in 100-120 days, and can also be used for multiple pickiofggreen vegetable pods or
ratooned for multiple dry-grain harvests. The use of skor&ation pigeonpea thus ensures
that in several regions, vegetable pigeonpea is availallthrough the year.

In environments with warm winters (minimum temperaturess®1) in peninsular
India, the perennial characteristics of short-duratiogepnpea were exploited by ratoon-
ing. Chauhan et al. (1987) reported that this system giveshmhigher yields than the
traditional medium-duration genotypes grown in this eamiment over a similar time
period. A short-duration cultivar, ICPL 87, with good ratability was released in India
in 1986, and is becoming increasingly popular with farmers.

Short-duration and short-statured (1.0 to 15 m) pigeargr@ amenable to mechaniza-
tion, which had been a goal of pigeonpea research in Augt(®Vallis et al. 1981). The
potential to mechanize is also an important considemaiticthe improvement of traditional
agricultural systems in Africa and the Caribbean. In Indeemers in addition to using
animal power for cultivating short-duration pigeonpeac¢hancreased usage of threshers,
hitherto not used for traditional long-season types.

With the availability of shorter-duration genotypes (< 10@<dat latitude 17°N, ICRI-
SAT Center) there is scope for extending pigeonpea tordgiwironments in the sub-
tropics, to temperate climates up to 45° latitudes N and & hégher altitudes, where they
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reach maturity before the onset of severe drought stredsk@ling frosts. Breeding and
selection at ICRISAT Center of short-duration genotypéshwarge, white seeds, and large
pods have also provided options for their use as vegetgpés t(Jain et al. 1981), provided
problems inherent in such a system e.g., those posed bygtipssts could be overcome.
This could facilitate development of facilities to progemnd can vegetable pigeonpea, as ¢
viable option in more tropical environments where gardea gees not grow well. A
determinate plant type with synchrony of bearing has adgas for a mechanized produc-
tion system, while either determinate or indeterminatesywith good ratoonability would
be suitable for multiple harvesting in small-farm freslgetble production systems.

Identification of genetic male sterility, and ICRISAT'tudies on the utilization of
hybrid vigor have led to the development of short-dumatgeonpea hybrids, which
exhibit considerable heterosis in seed yield over theienta and other control cultivars. A
private seed organization is marketing a medium-duratigegnpea hybrid in India, and
several private seed companies are now using genetic niedidessources developed by
ICRISAT for hybrid pigeonpea production. Its future segmsmising.

To provide stability of production in both long- and shdriration pigeonpea, genetic
resistances to major diseases (single and multiple rasetq have been incorporated in
improved cultivars. This development is particularly imf@amt in enhancing and sustain-
ing the productivity of traditional and new productiorsgms. Recommended for cultiva-
tion are such lines as ICP 9145, a wilt-resistant longatian type in Malawi; and ICP
8863, a medium-duration wilt-resistant type in Karnatakalia. ICPL 366, a long-dura-
tion sterility mosaic disease resistant line is beingettsh farmers' fields in Nepal.

Tolerance, or reduced susceptibility to pod borer haven bemught by entomologists
and breeders at ICRISAT; we now have medium-duration pigeas-ICPL 87088 and
ICPL 84060, with considerable field tolerance to this pdstis is a significant develop-
ment for stability and productivity of long-duration paeea that is usually not protected
by insecticidal sprays. Entomologists have also developededures and schedules for
the judicious use of insecticides to protect short-duratppgeonpea. Research is being
conducted on integrated pest management, which is vitaltier future prospects of
pigeonpea.

The transfer of available technology (amilization and crop improvemenaspectswill
be faster if efforts for enhanced production are closehkéid with the promotion of
multiple uses, linking production with market demand an& ttequirements of
agroprocessing industries. Such integratedearchand developmental effortwill cata-
lyze global commercial production of pigeonpea for usevegetable, grain, fodder, and
fuelwood.
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The Role of Pigeonpea in Human Nutrition

Umaid Singh'

Abstract. Pigeonpea is used in various human foods in several

countries, particularly in India as a source of dietary protein,. Like other food

crops, the nutritional potential of pigeonpea as a human food
determined by its chemical composition, bioavailability of nutrients,
levels of various antinutritional factors. Proteins and carbohydrates

is  primarily

principal constituents of pigeonpea seeds, and a variety of factors influence
nutritive  value of these constituents. At ICRISAT, high protein lines

geonpea are available, and these lines are nutritionally better than

monly  grown cultivars. Pigeonpea seed contains  noticeable  amounts
antinutritional  factors, such as protease inhibitors, oligosaccharides,

polyphenols, hut these constituents can be wholly or partially removed
suitable processing methods.  Globulins that are deficient in  sulphur

acids, methionine and cystine, constitute nearly 65% of the total
of pigeonpea, and hence play an important role in determining
quality.

India accounts for about 80% of the total world pigeonpea production.

human consumption a large proportion of this produce is dehulled
whole seed into dhal. Quantitative and qualitative nutritional losses

during dehulling. Cooking of dhal and whole seed affects the palatability and
bioavailability = of nutrients. Various physico-chemical  characteristics  and
ronmental factors affect cooking quality. Traditional processing practices

to  convert pigeonpea into  consumable forms include  soaking,

boiling, roasting, frying, and steaming, and all these practices influence

tive  value.
Developing green seeds are consumed as a vegetable. Their

composition is better than that of mature seed, as their protein and starch al
more digestible, and they contain lower amounts of protease inhibitors,
phenals, and the  flatulence-causing sugars; raffinose, stachyose,

verbascose.

1. Biochemist, Crop Quality Unit, International CropsesRarch Institute for the Semi-Arid Tropics (ICRISAT)
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Introduction

Grain legumes are traditionally consumed as human foalkbs\g with cereals in various
forms. Among food crops, legumes contain the highest amofiprotein, generally twice
the level found in cereal grains. Grain legume proteimsrach sources of lysine, but are
usually deficient in sulfur-containing amino acids, mienine, and cystine. Cereal-grain
proteins are low in lysine, but have adequate amounts afrsathino acids. Therefore, the
supplementation of cereals with legumes has been adbcas a way of combating
protein-calorie malnutrition problems in developingiatries.

Pigeonpeais an important grain legume commonly gromthcmnsumed in tropical and
subtropical regions of the world. India accounts for ove#86f the world's supply of
pigeonpea (ICRISAT 1986). Other countries where pigeoipeaa important food legume
are Sri Lanka, Myanmar, the Philippines, Indonesia, Kealawi, Tanzania, and some
Caribbean countries. In India, pigeonpea is processtxidhal, which is consumed after
cooking in water to a desirable softness, but in some Africountries, whole pigeonpea
seeds are consumed after boiling. The developing greedssshelled out of harvested
green pods are also used as a vegetable in India, andna &érican, Latin American,
Caribbean, and Asian countries. This paper describes waragpects of the nutritional
quality of pigeonpea for use as a human food.

Chemical Composition

Pigeonpea cotyledons constitute about 85% of total seed.nTfdee embryo contributes

only 1% to the total seed mass and the seed coat, 14% (SQimgllambunathan 1982).
Therefore, the chemical composition of the cotyledoreagy influence the nutritive value

of whole pigeonpea seed. Pigeonpea cultivars are broelkdlgsified into three groups:
early (90-150 days), medium (150-180 days), and late -@@D days), based on their
maturity durations. The starch content of pigeonpea eatt belonging to different matu-

rity groups ranged between 50.6% and 57.6%, with the niang 55.0% (Singh et al.

1984a). This study also showed that seasons did not hewrgeeffect on pigeonpea starch
and protein contents. Pigeonpea contains considerableursis of unavailable carbohy-
drates that are known to reduce the bioavailability ahesmutrients (Kamath and Be-
lavady 1980). Crude fiber, ash, and fat contents of varimusivars did not show wide

variation (Singh et al. 1984a). Differences in the minemmhposition of whole grain and

dhal were marginal, except for calcium (Sankar Rao and Dedsth981).

Nutritional Quality of Vegetable Pigeonpeas

For use as a vegetable, pigeonpea is normally picked wteeseeds reach physiological
maturity, i.e., when they are fully grown, butjust befdhey lose their green color (Faris
et al. 1987). At this stage, the green seed is more nudstiban the dry seed because it
contains more protein, sugar, and fat than the matued. d&@ addition, the protein and

starch digestibility of green seed is better than thahefrhature seed. The green seed als



contains lower quantities of flatulence-causing sugarg] trypsin and amylase inhibitors
(Singh et al. 1984b). Green pigeonpea is a good souricem{Singh et al. 1984c). Further,

these studies reported that since the mature seed ofrigacis normally eaten after the
removal of its seed coat which provides about 70% of thal teeed calcium, green seed,
which is normally eaten with its testa, can provide ayvgood source of calcium. How-

ever, it is important to study the bioavailability of they nutrients of green pigeonpea seec
to determine their nutritional impact on the human diet

Protein Quality

The protein quality of pigeonpea is primarily expresgederms of its protein content, the
levels of amino acids, and protein digestibility (Singhd Eggum 1984). In most food
crops, genetic variability for protein content is catesied an important factor for improv-
ing protein quality by selection and breeding. The proteomtent ofdhal samples of
cultivated and wild species of pigeonpea varies widélyICRISAT Center, efforts have
been made to use genetic variability to improve the girotontent in pigeonpea, and high-
protein lines with acceptable seed size have been desgl{fpaxena et al. 1987). However,
environment and agronomic practices influence the protpility of pigeonpea to a
considerable extent, and this should be noted whiledingefor protein quality.

The sulfur amino acids, methionine and cystine, are thstrimiting amino acids of
legumes, and very low values for these amino acids wererteg in pigeonpea (Eggum
and Beames 1983). In legumes negative relationships swmelly found between protein
percentage and methionine content per unit of proteis¢Band Hall 1977). However,
there was no strong relationship between methionine (ggfoprotein) and protein (%) in
pigeonpea, indicating that both protein and methiengould be improved (Singh and
Eggum 1984). The effect of cooking on protein quality, terms of amino acids and
bioavailability of legume proteins, is important. A ghit reduction in lysine content was
observed as a result of cooking (Singh et al. 1990). Seetkin fractions play an impor-
tant role in determining the overall amino acid compasitof seed proteins. As in the case
of other legumes, storage proteins and globulins cartstibbout 65% of the total seed
protein of pigeonpea (Singh and Jambunathan 1982)thEur the globulin proteins are
deficient in sulfur amino acids. Although present in a Bpaoportion, albumin fractions,
are a very rich source of methionine and cystine. Glut&hwction is also a better source of
sulfur amino acids than globulin, and hence may be nwimélly desirable.

Protein bioavailability is of increasing interest in grdegumes in general, and in
pigeonpea in particular. For this purpose, the biolagievaluation of seed protein is
essential, as chemical analysis does not always reveainiwoch of a protein is biologically
available. Unfortunately, pigeonpea has the lowesrildgical value among legumes
(Eggum and Beames 1983). Biological value, proteiredidpility, net protein utilization,
and utilizable protein of cooked whole seed atithl samples of high protein (HP) and
normal protein (NP) genotypes of pigeonpea have beenrtego(Singh et al. 1990).
Criteria based on these characteristics have been gedgas useful for evaluating the
protein quality of cereals and legumes, and are comgdpllowed, because human
feeding trials are always difficult and time consuming.
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True protein digestibility (TD) significantly increasedtlv cooking, and the effect was
more pronounced in whole seed thandimal samples. Interestingly, the biological value
(BV) of the cooked sample decreased in both whole seeddhakl whereas net protein
utilization (NPU) of the cooked samples increased, gdgsiue to an increase in protein
digestibility. A decrease in the BV of cooked sampleshath whole seed andhal might
be attributed to heat treatment, which causes consitlemabtritional damage to meth-
ionine, the most important amino acid in grain legumes if8reand Perkins 1975). A
comparison of TD of whole seed amthal samples of these genotypes indicated larc
differences. Average TD was about 60% for whole seedredseit increased to over 70%
in dhal samples. A reduction in TD of whole seed may be due todrigbncentration of
polyphenols and fiber content, as a majority of these @amgs are concentrated in the
seed coat. Although TD, BV, and NPU values have showremffces among genotypes,
no noticeable differences in the protein-quality atitds of high protein (HP) and normal
protein (NP) genotypes were observed. More importarttig,values for utilizable protein
(UP) were considerably higher in HP than in NP genotypegigdonpea, indicating that
HP genotypes are nutritionally better than NP genotyg@sgh et al. 1990).

Antinutritional Factors

Of the various antinutritional factors that are found imaig legumes, trypsin and
chymotrypsin inhibitors, amylase inhibitors, polyphé&ng¢commonly referred to as tan-
nins), and oligosaccharides are important in pigeon&agh 1988).

The protease (trypsin and chymotrypsin) inhibitors of laga have been extensively
studied, and their mode of action established. In compariwdth soybean, pea, and
common bean, pigeonpea offers fewer antinutritional faptoblems. Pigeonpea contains
considerably higher levels of protease inhibitors thAe bther commonly consumed
Indian grain legumes, but much lower levels than thoseogbesan (Sumathi and Pa-
tabhiraman 1976). Pigeonpea contains considerable mtsiaf polyphenolic compounds
that inhibit the activity of digestive enzymes, trypsahymotrypsin, and amylase. These
are higher in pigeonpea cultivars with dark seed-coat so(8ingh 1984). Phytolectins are
toxic factors that interact with glycoprotein on the suefac red blood cells, causing them
to agglutinate. Pigeonpea contains phytolectins whacd highly sensitive to heat treat-
ment and hence may be of little nutritional significanédgeonpea contains traces of
glycosides but not at toxic levels (Singh 1988).

Food legumes are well known for causing flatulence wherseored in large quantities.
This property is mostly attributed to high levels of oligosi@arides: stachyose, raffinose,
and verbascose. These three sugars together consthaet 53% of the total soluble
sugars in pigeonpea, but they show a large variation (8ib@88). Pigeonpea, chickpea,
urd bean, and mung bean, in order of decreasing volumeupeal flatus in rats (Kantha et
al. 1973). These studies suggest that pigeonpea and &sckfay cause discomfort be-
cause of higher flatus production, if consumed in largendgities.
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The Effect of Processing on Nutritive Value

Pigeonpea is traditionally processed into consumable $oby methods that can be
broadly divided into two categories: 1) primary processialgo called dehulling; and 2)
secondary processing, which involves three major treats) namely, cooking, fermenta-
tion, and germination. Dehulling pigeonpea improvedsatability and digestibility. The

dehulling process is commonly referred to as the removaked coat, and may take place
either with the dry, raw, whole seed as dry dehulling, or wstlaked grains as wet
dehulling. Most common methods of dehulling remove the galomg with the husk and

cause noticeable losses of protein, calcium, iron, and,zthe important dietary constitu-
ents (Singh et al. 1989). This study suggested that effettould be made to develop
suitable methods of dehulling to reduce quantitative andlitptive losses in pigeonpea
grains.

Of the various secondary processing practices, cookingdwgs the bioavailability of
nutrients, and also wholely or partly destroys some attitianal factors (Salunkhe 1982).
The starch digestibility of pigeonpea and other commonlysamed Indian pulses is
improved by moist heat treatment. The enhancement ofotgdrate digestibility in
cooked legumes is generally attributed to the swelling angturing of starch granules.
Although cooking improves nutritional quality, prolormyeooking results in a decrease in
protein quality and loss of nutrients such as vitamins amderals. In this context, soft-
cooking cultivars of pigeonpea are preferable. A major biersd effect of cooking is the
destruction of protease inhibitors, which interfere witlotgin digestibility. Pigeonpea
protease inhibitors are completely destroyed when stdgeto heat under acidic condi-
tions (Sumathi and Patabhiraman 1976). Preliminary sapkailowed by dry heat treat-
ment also results in the partial inactivation of the trypgihibitor activity (Contreras and
Tagle 1974).

Germination can reduce or eliminate appreciable amountghgfic acid of legumes,
and hence improves mineral bioavailability (Salunkhe 2098 he nutritive values of le-
gume-based fermented foods have been shown to be higher tuse of their raw
components. Laboratory results at ICRISAT have shown thanéntation increased the
levels of soluble nitrogen and soluble sugars in pigeonpaplying that the digestibility
of protein and starch might be improved by fermentationypBin and chymotrypsin
inhibitor activity in pigeonpea was significantly decsed by fermentation (Rajalakshmi
and Vanaja 1967).

Future Research Needs

Chemical composition in terms of nutritional and antinutmal constituents is the pri-
mary determinant of the nutritional potential of pigeeap Although there appears to be a
small variation in chemical composition among pigeonpehivars, little effort has been
made to show the effect of environment on such constisuedh attempt should be made
to establish whether the phenomenal differences are stensiacross a variety of environ-
ments. This information would be useful in assessing thtemntial of pigeonpea in human
nutrition. The effects of improved agronomic practiceswd be more carefully studied,
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particularly with reference to vitamin and mineral contdn addition, research on bio-
availability of various dietary nutrients of pigeonpeashl receive increasing attention.

Antinutritional factors of pigeonpea have been extengistudied. Studies are needed
on other antinutritional and toxic factors such as hemaggins, cyanogenic-glucosides,
antivitamins, esterogenic compounds, metal-bindingstituents, and toxic amino acids, if
these are present in pigeonpea. It is recognized that cgo#éstroys antinutritional
factors, notably trypsin and chymotrypsin inhibitorsis pertinent to study the biochemi-
cal changes in proteins and carbohydrates that result freoking. Protein digestibility
and bioavailability of amino acids remain low even afteroking. Factors that affect
protein digestibility need be systematically studied.

Since pigeonpea is consumed in various food forms, thesitie and duration of heat
treatment it receives during cooking depends on the atktf preparation. A knowledge
of the nutritional changes that are caused by variousstygeheat treatments and other
pretreatments such as fermentation and germination |dvalso be very useful.

Postharvest processing of pigeonpea has received l|gtlention in the past. The
methods of storage, and the effect of storage on chemigmlposition and nutritional
quality of pigeonpea have not been thoroughly inveséidatEfforts should be made to
study these aspects. Desirable grain characteristics gfoppea cultivars need to be
identified to reduce quantitative and qualitative losdesing dehulling. The effects of
commercial dehulling dhal mill) and village-level dehulling (stonehakki, quern) on
nutrient losses should also be studied.
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Utilization of Pigeonpea in India and Scope for
Novel and Alternative Uses

M. P. Vaidehit

Abstract. Indian vegetarian diets invariably include pulses. Barring
few desserts and snacks, most of these legumes are used in curried dishes,
side dishes. Green immature pigeonpeas are a delicacy and much preferred

roasted, boiled, and seasoned forms, in soups, and in stews with

However, no effort has been made to make the processing of green pigeor

commercially viable in India. Freshly sprouted pigeonpeas, and
and malted flours are yet to become acceptable products. Flatulence

the key reasons why pulse-based dishes are avoided. Fermented,
products such asdhokla, tempeh, adai,and kadabu eliminate this problem.

Pigeonpea mixed 40:60 with cereal and eaten with leafy vegetables
mended for its nutritional  value.

Pigeonpea has a long shelf-life, but loses protein quality, thiamine,
niacin when insect infestation occurs. Varieties with dark testas contain
polyphenolic compounds and tannins in their seed coat. The addition ofpo

vinylpyrrolidone  reduces enzyme inhibitory action. Dehulling results

loss of the proteinaceous cotyledon layer. Composite,  ready-to-prepare

riched and germinated flours for weaning foods, extrusion cooking,
purposes are possibilities for future pigeonpea uses. Varieties with

dispersibility should be wused in desserts and snacks as those of high

are preferred in curried dishes. Pigeonpea fractions, such as pure

noodles, and protein concentrates for dietetic products, have recently

suggested as novel wuses. Flavor, texture and color, in that order
consumer  preference for  pigeonpea.

Introduction

Pigeonpea in combination with cereals improves the tiotral status of Indian diets better
than other available pulses. India accounts for 85% of theldis supply of pigeonpea,
where it is commonly consumed in the form difal and supplies most of the protein

consumed by Indians in their vegetarian diet (Singh aggluh 1984).
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Dietary Value

The protein content of pigeonpea ranges from 21.0% to%5.Bhe addition of skim milk
powder, essential amino acids, such as methionine amtdphan, improves its protein
efficiency ratio (PER) (Daniel et al. 1965). Similarlyigponpea when combined with
maize starch has shown improved PER (2.25) and bioldgiaue (BV 87) when com-
bined with pigeonpea. A ratio of 60 cereals:40 pulseg@fen leafy vegetables has bee
suggested as an ideal diet for good health and growth (2svaet al. 1968; FAO 1979).
When consumed by patients suffering from diabetes, qrigea lowered their blood glu-
cose response (Giri et al. 1986).

Milling Methods

Khare et al. (1966) have described the fractions andstygfelosses that occur during
milling; they reported that the optimumihal recovery is 76.1%. Incomplete, and non
uniform conditioning of seeds, and the composition witkpeet to gums, mucilages,
moisture, size, shape, and hardness of grains infeiemélling properties (Singh and
Jambunathan 1981). Inefficient machinery used in rollé@timg removes husk by abrasion
method, which if not carried out carefully results isdoof nutrients. Dehusking, pearling
splitting, and flaking reduces the cooking time of pigpea (Salunkhe et al. 1985).

Canning

Canning of green, immature pigeonpea is an export-oriebiesiness in some countries
Information is available on varieties suitable for campifncluding the desired stage of
maturity, color of seed coat, and processing conditionkiKRinto, Villabba, UASD, and
Cajanus indicusvarieties are commonly used. Mature but green colgrggtonpea seeds
are better for canning than starchy yellow seeds. Otihgrortant criteria noted were
alcohol-insoluble solids, total solids, and color oiner (Sanchez-Nieva 1962).

Dehydration

There are advantages in using green immature pigeonpeagiout the year, but people
use them only during the season when they are avail&yeextending shelf-life through
proper preservation methods, pigeonpea consumption eamengouraged at least in the
dehydrated form, if not in frozen or canned forms.

Other processing methods

Quick-cooking dehuskedhal is reported to be rich in magnesium and pectin, butrpoo
phytin and dispersed solids (Narsimha and Desikacha?8)19Higher solids in gravy

138



indicate greater nitrogen solubility and lower cooking éinGermination at 31°C for 24 h

and parching at 250°C for 2 min improves PER and utilizatas shown by tests on

experimental animals. Roasting is not nutritionally deisie but helps in flavor develop-

ment. Fermentation and germination show no extra benbfdist heat treatment is the

most acceptable method for improving nutritional valuecréased cooking time enhances
flatulence-causitive raffinose sugars (Geervani and phdas 1980).

Consumer Preference

Consumers prefer pigeonpea that is round or oval in shapmedium to large uniform
size, and having short cooking time. These characteristiesinfluenced by genotypes
from different maturity groups (Singh 1987). Breeders sd@monsider these factors while
making their selections. Among the four types studiede@igpea variety T 21 has been
observed to have better consumer acceptability than otféaidehi et al. 1985).

Information relating to physico-chemical properties atsory evaluation is required
as there is variation in the flavor, cooking quality, andvitro digestibility of varieties of
pigeonpea (Reddy and Gouramma 1984).

Cooking Quality

Cooking improves the bioavailability and utilization oftrients in pigeonpea. Legumes
are boiled in water until they become tender. The timeumegl for tenderization is a
highly significant aspect of cooking quality. Organoliepproperties such as taste, flavor,
color, and texture of the cooked products govern consumefengnce in the choice of
variety.

Physical characters like water absorption, solid disipélisy, and appearance are reli-
able indicators of the cooking quality of pigeonpea. Sweglindex and hydration capacity
are negatively correlated with cooking time. Physical dextof starch, such as, size,
gelatinization temperature, paste viscosity, taste, tdl starch content are reported to
influence the preparation of fermented and weaning fd@ikservani and Theophilus 1980,
Malleshi and Desikachar 1982). Genotypes can be clagisds long, medium, and short
cooking types. Seed size appears to negatively affectiogotime. The mass and volume
of seed, require investigation to confirm their influerare cooking quality (Singh et al.
1984).

Chemical factors such as increased calcium, magnesium,pantin are positively
correlated with cooking time. Protein content is positivednd nitrogen solubility index
negatively correlated with cooking time (Singh et al. 1984gnin content, thickness of
seed coat, and seed maturity all affect cooking time (Sdleret al. 1985).

Quick-cooking Treatments

Cooking time is reduced by soaking in alkaline solutionha¥an et al. 1983). lons
responsible for cellular firmness are replaced by sodions or leached out resulting in
solubilization of pectic substances by this processv(Bed Jadhav 1984).
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Pigeonpea

'

Split dhal,dehusked (150 g)

'

Soak in water (6 h)

v

Wash 2-3 times and drain off water

Pressure cook

(15 min; 1 kg cm?)

'

Mix inoculum, Aspergillus oligosporus

1/2 tsp + 1 tsp vinegar (use a bowl)

Spread (1.5 cm) thinly on sterilized tray

!

Cover with perforated polythene sheet

Incubate
(36°, 12-16 h)

\ 4
Compact white caketempeh (225 g)

v

Slice or cube for use

v
Dehyrate for storage at 7@

Figure 1. Tempeh from pigeonpeadhal (Vaidehi and Rathnamani 1988).
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A combination of chemical coatings using various saetl alkaline solutions, and soaking
before dehusking also reduces cooking time (Narasimialssikachar 1978).

Fermentation

Salunkhe et al. (1985) reported on pigeonpea utilizatioieimented products in combina-
tion with cereals.Tempeh, idli, dhokla, dhgbatties, adai, kadabu, dosare fermentated
before cooking and could become more popular as heatiist Pigeonpea can be usec
with or without soybeardhal to prepare very goodempeh(Vaidehi and Rathnamani
1988). Figure 1 describes the method tempehpreparation. Both fresh and dri¢eimpeh
can be used to make nutritious snacks and curried dishes.

Baking and Confectionery

Pigeonpea has been little used in baked foods or confesrtygproducts. Legumes are usec
in bread and cookies for protein enrichment. Nath et a96Q) prepared biscuits with
protein hydrolyzates o€ajanus indicushaving 9.5-15.5% protein. Gayale et al. (1986
reported that physical, sensory, and nutritional chteréstics of breads supplemented with
pigeonpea flour from 0-25% showed no significant differe P < 0.05) compared with
unsupplemented breads for the characteristics testgdoRpea flour increased the protein
lysine and zinc content of bread. Malted pigeonpea flour camstitute up to 40% (by
weight) of flourto make protein-rich cookies of good brakiquality (Vaidehi et al. 1985).

Frying, Griddle Cooking, and Boiling

Soaked, drained, fried and spiced pigeonpea is a popunbuoksitem. Griddle-cooked
holige or obbattu delicately flavored with pigeonpeghal is a well known sweet dish in
South India. This is a sweet pancake prepared with coofkéidpsgeonpeas, jaggery (gur),
grated coconut, and cardamom powder. The south Indiain ‘Bisi-bele-bhath'is a hot,
spicy, dish that combines pigeonpea with rice and vetgtg:1:0.5 ratio). Other popular
south Indian recipes that incorporate pigeonpea, samabar (cream of soup)bassaru
(kind of a curry), massoppu,and thovve (masheddhal), which are different types of
curries, eaten with rice and chapathis. Some people usdfispeegetables and green
leaves. The names of these dishes are derived from fibe spixtures and methods of
preparation. Dhal chutneyand stuffedparathasare also popularDhal chutneyis made of
roasted pigeonpeas, red chillies, garlic ground withegtabconut, tamarind, curry leaves
and salt, using a little water. Stuffgarathasare made from whole wheat flour dough.
rolled and stuffed with cooked dhal, salt and spices, bHgain and griddle cooked.

Green Pigeonpea

The consumption of vegetable pigeonpea in India couldease if more of the vegetable
and recipes for its use were available. Green pigeonpebddmuiused in several Indian
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dishes e.g., prawns with pigeonpea, green pigeonpea pamber, kootu, khurmdstews
cooked with coconut paste/cream and spices and seasondd liling), and samosas
(partially refined wheat flour made into dough, rolled,davegetable or meat curry is
placed on it. It is then carefully folded into a triangle lesing the curry, and then deep
fried in oil). Green pigeonpea is more nutritious than iheture seed. It is more easily
digestible and contains less flatulence and antinutnaiofactors (ICRISAT 1987). The
addition of vegetable pigeonpea to minor millets incregbe PER of diets (Bressani et al.
1986). Germinated and boiled pigeonpsandals are very good for children and
convalescents.

Novelty Products

Presently available machinery for food encapsulationtyuston methods and pelleting
should help in producing creative culinary products. Wwags in processed foods, such as
dried soup mixes and multipurpose foods help to improve gedatability and nutritional
guality. Malted and germinated flour can be used in swestBneveaning foods, and to
make sweehalwa. The use of malted pigeonpea in porridge mixes and gres@arsoup,
enriched flour forchapathis, parathasand tandoori rotis, deserve the attention of technol-
ogists. Extrudeddhal like analogues of composite flours containing pigesm@nd other
lesser known legumes such as soybean, rice bean, winged jaek bean and oilseed
might yield acceptable products which could extend theafpigeonpea. Noodle prepara-
tions using pigeonpea starch make an attractive prodl@RKSAT 1988). These new
technologies should be able to offer low-cost, mass-petidno of nutritious leguminous
dishes which would also appeal to consumers of traditidiskles. It should be possible to
formulate and produce enriched macaroni, pasta prodbedsuits, and dietetic foods that
have a good market potential.

Women and Pulse Utilization

Rural women contribute a lot to the process of making qrigea utilizable. Dehusking
and cleaning operations require fabrication of smallydasoperate machinery specifi-
cally for use by women. Preparation of composite flourgcks, malted foods, sprouted
gram, processing and packaging of green pigeonpea, etdd de introduced on a com-
mercial scale. Short-term training in this form of tecloyy transfer is necessary.
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Utilization of Pigeonpea and Other Grain Legumes

in Indonesia

D.S. Damardjati and Sri Widowati'

Abstract. Research on utilization of pigeonpea in Indonesia was started i

1984 by the Agency of Agricultural Research and Development

(AARD).

survey found that pigeonpea is traditionally grown by farmers, especially i
Java, Bali, Madura, and the eastern islands. The use of pigeonpea, however,
still limited. While traditional dishes such a%ongko, brubus, pencok,and

hiris were domestically prepared, a major limitation to increased

use of pi

geonpea was the lack of knowledge about various methods of processing

utilizing  the products.

An evaluation of the physico-chemical properties was carried out

on bol

exotic genotypes and local varieties. Size, shape, color, mass, and bulk den

were measured. Protein, fat, crude fiber, and moisture contents
mined. Raw and boiled forms were tested for biological quality,
digestibility,  biological value, and net protein utilization.

Research on processing and utilization of pigeonpea includes

of existing pigeonpea food products, such as soybean-pigeongpeanpeh,
rice-pigeon|

pigeonpea sauce; the development of new products, such as

cookies, and extrusion products; and the development of pigeonpea
Research and development on pigeonpea utilization in Indonesia
the develc

on the nutritional evaluation of fermented and processed products,

were dete

i.e., tru

improveme
and

flour.
will foct

ment of new products, the introduction and "scale up" of pigeonpea processil

at the farm and home-industry level, and the evaluation of the

processir

efficiency, economic feasibility, and acceptability  of pigeonpea  products.

Introduction

Protein-calorie malnutrition is a common problem in depéhg countries. In rural Indo-
nesia, children under 5 years of age, and pregnant andtiiag mothers suffer from
protein-calorie malnutrition. In order to solve this pleim, new, inexpensive, and accept-

able protein sources must be found.

1. Food Scientist and Assistant Food Technologist, Depantrof Chemistry and Technology, Sukamandi
Research Institute for Food Crops (SURIF), Agency of Agiltural Research and Development (AARD),

Jalan Raya No. 9, Sukamandi, Sabang 41256, West Java, Isidone

ICRISAT (International Crops Research Institute for then8-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 M8©, ICRISAT Center, India. Patancheru, A.R 502

324, India: ICRISAT.
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Pigeonpea is a perennial plant mainly grown as an annmogl. dt is resistant to drought
and can be grown in various types of soil. It can be growdeuaven harsher environmen-
tal conditions than soybean.

Pigeonpea is a legume that has been cultivated as a vegétalndonesia since the 6th
Century. Although the plant has spread to almost all 88aof the Indonesian archipelago,
it was never intensively cultivated. Pigeonpea is usuaitercropped with other legumes
or food crops, butis rarely grown as a monocrop. Gengrélls sown on dry ridges, oron
the dykes of wetland rice fields (Sumarno and Brotonegd®87)L The results of our
survey indicate that pigeonpea can be grown even orgimar soils - e.g., in the Gunung
Kidul and Wonogiri areas, where even though yields were, lihwe plants survived (Wid-
owati and Barrett 1984).

Many local varieties of pigeonpea have been traditiongtywn by farmers, especially
in Java, Bali, Madura, and the eastern islands of thezgu Consequently, pigeonpea has
many local names, e.ggudein Central and East Javaijris in West Javaundisin Bali,
kacang turisin Timor, andkace in South Sulawesi (Damardjati and Widowati 1985
Sumarno and Brotonegoro 1987).

One of the major constraints to the development of pigeonpéadonesia is the lack of
knowledge on its utilization. Therefore, we evaluated ghgsical, chemical, and nutri-
tional characteristics of available varieties and linasg worked on the improvement of
traditional food products, and the development of newdfases of promising varieties.

The major source of vegetable protein in Indonesia has,baad continues to be
soybean. Although other legumes such as mung bean andh@nut are grown, they are
less popular than soybean in terms of their use as aiproésource. Several soybean
products such asempeh,sauces, andofu are well known and acceptable to Indonesia
consumers. The demand for soybean increases every gedr{o meet this demand the
Government has had to increase soybean imports. Pigedmsegood prospects of further
development in Indonesia as a soybean substitute.

Processing and Utilization

Research on utilization of pigeonpea at the SukamandiaRelsdnstitute for Food Crops
(SURIF) began in 1984 with a village-level survey tendify the existing varieties, and
traditional utilization methods (Widowati and Barrett8%9. The survey revealed that
pigeonpea has been traditionally grown by farmers in hedda, especially in Java, Bali,
Sulawesi, and some of the eastern islands, but that iigatiion is limited.

In West Java, people mix the raw young pods and frests sefepigeonpea with ground
spices - chili, coconut, sugar, garlic, salt, fried groomudand kencurKamferia galanga
to prepare a popular vegetable dish, calpedcok hiris.Sometimes, pigeonpea is servec
as a salad or a soup. However, people in this area do mat kow to use the mature grain
as food. If the pods mature, they are used as livesteel.fTherefore, dry grain is not
available in the local markets, except for the small quarditld for seed.

Some well accepted traditional foods, e.grubusand bongkomade from pigeonpea
grain are popular in Central JavBrubusis made from green pigeonpea seeds mixed wit
grated coconut, and ground spices consisting of corigreonut sugar, salt, chili, garlic
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and onion. The mixture is then cooked for about 30 min. K thixture is wrapped in
banana leaf and steamed for about 30 min, it is calleboagko.Mature grain is also
consumed in such side dishes asnpeyekand serundeng,and as a snack callegan-
dasturi. Rempeyeks made from mature pigeonpea seeds mixed with a comtedtr
solution ofrice flour, egg and coconut milk. Ground spicesriander, candlenut, salt and
garlic are added and then deep fri&®rundengs made by mixing mature pigeonpea seel
with grated young coconut, coriander, onion, garlic, cataugar, salt, bay leaf, greater
galingale (cut pieces of perennial rhizomes which arematic, pungent and bitter),
tamarind and the mixture is friedandasturiis made by mixing soaked green pigeonpe.
seeds with coconut sugar and salt. The mixture is cookedie into small balls covered
with cassava or wheat flour and then fried.

Physical, Chemical, and Nutritional Qualities

Twenty-three high-yielding cultivars from Australiay@five local Indonesian varieties of
pigeonpea, were evaluated for their physical charactesisiseed size, shape, color,
weight, and bulk density) their chemical characteristicofpin, fat, crude fiber) and

moisture content. Two local Indonesian varieties, Kurmimgnd Wonosari, were evaluated
for their true digestibility (TD) and biological value (BMjsing rats (Damardjati and

Widowati 1985).

Physical Characteristics

Australian and Indonesian cultivars had seeds of simik®r &nd shape. However, Austra-
lian cultivars exhibited slightly higher bulk densitieadagrain mass than Indonesian
cultivars. In general, all Australian cultivars wereWwrdsh-red in color, while the Indone-
sian cultivars were black, brownish-red, white, and vaated (Widowati and Damardjati
1985).

The seed coat of pigeonpea is about 10.5-15.5% of its s#ed mass. The embryo
contributes 0.6-1.4%, and the cotyledons 83.1-88.9% evfdhal seed mass (Kurien 1981).

Chemical Characteristics

The seed protein content of Australian cultivars was lothan that of Indonesian culti-
vars, but the Australian cultivars had higher crude fidmrtent (Table 1).

Even though the protein content of pigeonpea seed was |dveer that of soybean,
pigeonpea has better quality protein in terms of amino aaidposition (Table 2).

Pigeonpea, soybean, and their products are limiting é ghlfur-containing amino
acids, methionine, and cystine, when compared with the pAi®ern (FAO/WHO 1973).
The essential amino acid (methionine, cystine, leucingeigine, lysine, phenylalanine,
tyrosine, and threonine) contents of boiled pigeonped gEigeonpedempehwere higher
than those of soybeatempeh(Sibarani 1982).
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Table 1. Chemical composition [g (100 g) sample] of Australian and Indonesian whole seed pigeonpe a

cultivars.

Constituent Australian® Indonesian?
Protein 18.5+0.8 21.8+1.8
Fat 1.9+0.2 1.6+0.3
Carbohydrate 56.6+1.4 55.7+1.5
Ash 3.7+0.2 3.6+0.1
Crude fiber 7.0+0.8 5.3+0.4
Moisture 11.8+0.5 11.8+0.2

1.Mean +SE values obtained on 23 cultivars.
2. Mean +SE values obtained on 5 cultivars.

Table 2. Essential amino acid composition (mg g > N') of pigeonpea, pigeonpea tempeh, soybean, and
soybean tempeh compared with FAO pattern *.

Boiled Pigeonpea Soybean Raw FAO?
Amino acid pigeonpea tempeh tempeh soybean pattern
Isoleucine 273 344 178 296 250
Leucine 444 437 348 484 440
Lysine 504 499 263 356 340
Methionine 63 64 51 69 } 220
Cystine 58 57 45 54
Phenylalanine 469 462 261 309
Tyrosine 233 238 156 202 } 380
Threonine 249 252 190 258 250
Tryptophan 74 66 58 72 60
Valine 248 245 179 298 310

1. Dry mass basis. Sibarani 1982.
2. FAO 1973.

Nutritional Quality

The true digestibility (TD) of pigeonpea products could improved through boiling, or
fermentation with a fungusRhizopussp). The TD of raw pigeonpea (70.9%) increased
84.7% after boiling, and to 86.6% after fermentation. Hesrehe biological value (BV) of
raw pigeonpea decreased from 83.0% to 50.6% on boiling, &6% on fermentation
(Widowati and Damardjati 1985).

Like other legumes, pigeonpea seed contains severahwnitional factors, such as
trypsin and chymotrypsin inhibitors, but their actieisi are lower than those of soybear
During tempehproduction, those enzyme inhibitors are inactivatedrafte second boiling
(Santosa et al. 1987).
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Improvement of Traditional Products
Pigeonpea Tempeh

Pigeonpedempehis made by soaking, decorticating, and boiling seed, aad tbrment-
ing it with Rhizopussp, a common fungus used in making soyb&anpeh.Two local
Indonesian varieties from Kuningan and Wonosari were usedaketempehResults of
organoleptic tests indicated that pigeonpempeh,even though less preferred than so
beantempehwas still acceptable to the taste panelists (Widowatiawhardjati 1987).
Indonesian consumers are familiar with soybtsmpehput pigeonpe&mpehs a new
product, and not yet well known. To improve consumer acdafity of the pigeonpea
product, we have successfully developed a method for produmixed soybean-pi-
geonpeaempeh.Results of organoleptic test showed that there was grwifgiant differ-
encebetween soybean-pigeonpéal w/w) tempehandfull soybeantempeh.

Pigeonpea Sauce

Pigeonpea sauce is made by fermenting dehulled, soaked criced@ pigeonpea seed:
with Aspergillus oryzaeat 30°C for 72 h. Fermentation is continued in 25% sodit
chloride solution for 30 days and filtered. The filtrasemixed with spices and coconut
cooked and refiltered. There are two kinds of pigeonpeeesausalted and sweet sauct
The techniques used to produce these two kinds of saueesimilar, except for the
addition of sugar in the case of sweet sauce (Antarlina arsbiantoro 1986).

The quality of soysauce would also depend on its proteinecontGrade one sauce
should have 6% protein and grade two, 2% protein. Sweebpjzga sauce is considere(
to be of second-grade quality. Salted pigeonpea sauce &ptaccby consumers ever
though its protein content is less than 2% (below secoadegquality). Hermana (1985)
reported that some soy-sauces in the market have a proteient of only 1% while
laboratory-made soy-sauce contained 3% protein.

Development of New Food Products

Since 1985 research on the development of new productselmsdonducted at SURIF.
Two kinds of new products, cookies and extrusion food, haea iproduced.

Rice-pigeonpea Cookies

Pigeonpea flour is added to rice flour to produce proteiniebed rice cookies. The
process of making cookiesiswell-known;rice flour, pigpea flour, and other ingredients
are mixed into a dough, which is kneaded into a flat layaolded, and then baked
(Prasetyo 1988).
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Table 3. Chemical composition of rice-pigeonpea flour co

okies.

Pigeonpea flour added (%)

0% 10% 20% 30% 0% 10% 20% 30%

Component Cisadane rice Semeru rice

Moisture (%) 2.2 2.5 3.0 3.3 2.0 2.3 2.7 2.6
Protein (%) 6.2 7.0 7.9 8.5 5.8 6.6 7.5 8.2
Ash(%) 15 15 18 1.9 14 1.6 1.6 1.8
Crude fiber (%) 0.5 0.6 0.7 1.0 0.5 0.6 0.7 0.9
Fat (%) 16.8 16.8 16.9 17.1 16.7 16.7 17.0 17.1
Starch (%) 72.8 71.5 69.8 68.3 73.7 72.2 70.6 69.4
Kilojoules g™* 1957 1953 1936 1932 1961 1953 1940 1944

The chemical composition of cookies prepared from rice gigeonpea flour is given
in Table 3. Results indicated that for every 10% additbpigeonpea flour, the protein
content of cookies increased by about 12% of totalggmtcompared to that of the control

(100% rice) (Prasetyo 1988).

Extrusion Food

Recently, extrusion food has become popular, mainlyregrahildren. Pigeonpea flouris
added to rice flour to increase the protein content of thaslpct. Azman (1988) reported
that supplementing milled rice flour with pigeonpea flaup to 30% increased the protein
content of the extruded product from 9.1% to 13.2% (€abl. The products were still

acceptable to consumers and panelists.

Table 4. Protein content,

physicochemical,

and organolept

ic properties of rice-pigeonpea extruded

products.
Pigeonpea flour supplement (%)

Properties 0 20 30
Protein content (%) 9.1 12.4 13.2
Protein digestibility (%) 70.0 68.4 66.2
Volume expansion 3.2 3.2 3.2
WAP 8.2 9.4 8.3
Bulk density (mL g'%) 5.1 5.2 5.2
Organoleptic test score?

Appearance 5.1 4.8 4.5
Crispiness 5.9 5.7 5.5
Taste 4.4 3.7 3.5

1. Water absorption index.

2. Hedonic scale : 1= very poor, 5 = good, 7 = excellent
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Research on Pigeonpea Utilization

Pigeonpea has good prospects for development in Indan€hia products developed by
earlier research have been well accepted by Indonesiasumers. However, research on
pigeonpea utilization is very limited. Current and f@uesearch programs include:

continuing the development of new products;

introducing new products to Indonesian consumers;
transferring research technology to farmers andipcers; and
market study.

Both immediate and long-term objectives should be coarsEd in the research

program.

Immediate Objectives

» Determination of the physico-chemical characterist€selected pigeonpea cultivars;

L]

evaluation of the nutritional value of selected pigeea cultivars; and
development of new pigeonpea food products.

Long-term Objectives

Comparison of processing efficiency, economic valuesd acceptability of various
pigeonpea food products;

introduction of "technology packages" for pigeonpeaduction and utilization to var-
ious pilot farmer areas;

dissemination of information on pigeonpea productod utilization; and
establishment of a well-maintained collection of lb@nd introduced pigeonpea
cultivars.

Future Studies

» Continuation of nutritional evaluation of fermenteg@bnpea, and evaluation oftrypsin

inhibitor activity, in-vitro digestibility, and proteinrpperties;

comparison of existing milling methods to select aalié method for evaluating flour
properties and protein characteristics;

partial substitution of rice flour by pigeonpea flour ¢dpokies and evaluation of the
products for their physical, chemical, and sensory dftarésstics; and

introduction of pigeonpea processing to farmers andseorers, and a study of the
processing efficiency, economic feasibility, and actedylity of the concerned

techniques.
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Composition and Quality of Tempeh Prepared from
Pigeonpea, and Pigeonpea/Soybean Mixtures

K.A.Buckle and D.H. Iskandar*

Abstract.  Five varieties of pigeonpea (702, Hunt, Quantum, QPL 992, ar
B15B) grown in Australia, were analyzed for moisture, protein, individu:
amino acids, fat, crude fiber, ash, and carbohydrate content. The prote
content varied from 22.0 to 26.8% (dry mass basis) with the Hunt varie
containing the highest level. Analyses were also conducted on seeds that )
soaked in water for 24 h, or soaked for 24 h and then dehulled, or soaked
24 h, boiled 5 min, and dehulled; and on seed coats removed from seeds
soaking, and after soaking and boiling.

Tempeh was prepared from pigeonpegempeh gude,or soybeantempeh
kedele,and from mixtures, (1:3,1:1, and 3:1 wlw) of pigeonpea and soybean
soaking the seeds overnight in water, dehulling, boiling, cooking, and ferme
ing for 24-48 h at 30°C with the molRhizopus oligosporustrain CTK,.
Tempehsamples were analyzed before and after frying for proximate compo
tion, amino acids, Hunterlab color values, and non-enzymic brownirgmpeh
gude was considerably darker thatempeh kedeleput tempehprepared from
a 1.1 mixture of pigeonpea and soybean was acceptable in color and ot
characteristics to a panel of Indonesian panelists.

Future work will examine the biochemical and chemical changes in ti
seeds during the soaking process before fungal fermentation; the factors
sponsible for the unacceptable color tefnpeh gude;the quality oftempeh
prepared from mixtures of pigeonpeas and other grains and legumes; and
incorporation of pigeonpea flour and drietempeh gudein other traditional
fermented and non-fermented foods.

Introduction

Tempehis a traditional Indonesian food that is commonly pregafrom soybeans by
fermenting soaked, dehulled, and cooked seeds, \Ritizopus oligosporusa mold that

1. Associate Professor and Graduate Student, School efiieg Bioscience, Department of Food Science and
Technology, University of New South Wales, PO Box 1, Kewgdon, New South Wales 2033, Australia.

ICRISAT (International Crops Research Institute for them$€Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants* Meeting, 27-30 M@91ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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grows not only on the surface but throughout the seeds etingethem into a compact
cake. During soaking, when bacterial fermentation occMiglyowidarso et al. 1989), and
during the subsequent mold fermentation, enzymes froesethorganisms decompose
proteins, carbohydrates, and lipids, thereby improvingdigestibility, nutritional value,
and palatability of the beans (Steinkraus et al. 1983).

Tempehis used as an inexpensive source of high quality proteiecéally in develop-
ing countries. Traditionally it is consumed as slices oresulwhich are deep fried until
golden brown.Tempehis a good source of minerals e.g., calcium (Ca), phoggh(P), and
iron (Fe), and some vitamins (thiamin, riboflavin, pyridoe, folic acid, and vitamin B,).
Conversion intotempehbefore consumption reduces the degree of flatulersaesed in
humans compared to that from consumption of cooked bganmarily becauseR. oli-
gosporushydrolyses the flatulence-producing sugars, raffinase stachyose (Steinkraus
et al. 1983). Phytic acid is also reduced by about 30-50%ndufermentation, and a
further 50% reduction occurs during frying; less than 10%thaf phytic acid content
remains in the seed after fermentation, frying, and seorg®utardi and Buckle 1985a,
1985b).

A number of dry seeds, seed fractions, cereals, and mixtofélsese products can be
substituted for soybean in the preparation tepeh and tempeh-like foods. Common
tempeh products include those prepared from soybeteamgeh kede)e winged bean
(tempeh kecipiy, velvet bean témpeh benggk and solid wastes fronofu (soybean curd)
production {fempeh gemblis Coconut grits or press cakéeripeh bongkrgk lupin, yellow
pea, broad beans, maize, peas, barley, and wheat are atbo use

In recent years pigeonpea has been cultivated in Indonesilacreasing quantities, and
studies have been conducted to incorporate pigeonpea inariaty of traditional foods,
including tempehWidowati and Damardjati (1987) examined 23 high-yielglipigeonpea
lines from Australia and five local Indonesian varieties physical characteristics, chemi-
cal characteristics, and overall nutritional quality. hbeked grain was fermented into
tempeh.They reported that pigeonpdampeh (tempe gude was less preferred by panelists
than soybeartempeh,but it was still acceptable.

We examined the chemical composition of pigeonpea seefitseband after soaking,
and after boiling. We assessed the properties and quafitienopehprepared from pi-
geonpea and soybean seeds, and from mixtures of theseegumés. The results of this
study are reported.

Materials and methods
Materials

Soybean (cv Delmar) was grown in Gunnedah, New South Waled,used in studies on
tempehat the University of New South Wales. Pigeonpea cultivé®2, Hunt, Quantum,
QPL 992, and B15B were obtained from E.S. Wallis, DepartroéAgriculture, Univer-
sity of Queensland, St Lucia, Queensland, and grown in sasthQueenslandR. oli-
gosporusstrain CT;;K, was obtained from Sutardi (Sutardi and Buckle 1985a, 1985k
1988).
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Methods

Seed preparation. Dry pigeonpea and soybean seeds were ground to a findeyow a
Fritschemill. Soakedseedswith and withoutseedcoats,and separatedseedcoatsfrom
unboiled and boiled seeds, were frozen to -10°C, freemddiand ground to a powder for
analysis.

Tempeh preparation. Pigeonpea and soybean seeds were soaked overnigap iwater
at ambient temperature and boiled for 5 min in excess freghrwThe cooking water was
discarded, the seeds were dehulled by hand, and steamedOforit8, then placed on
perforated aluminium trays to drain off excess water,ledpomixed in the ratio 3:1, 1.1 and
13 (w/w), and inoculated with spores Bf oligosporus.One test tube (slant) of spores
grown on malt extract agar (Oxoid) was adequate to inoeulakg of seed. After mixing
thoroughly with the spores, the seeds were packed inttonaed polyethylene bags and
incubated for 24-36 h at 30°C. For analysismpehsamples were dried and ground to a
flour.

Analyses

Moisture was determined on 5 g sampletahpehflour using a vacuum oven (24 h at
70°C, < 100 mm Hg pressure). Nitrogen was determined on 0.&mpls by the macro
Kjeldahl procedure using the Kjel-Foss Automatic Analysa&nd converted into protein
using a factor of 6.25. Crude fat was determined on 5 g samplthe soxhlet extraction
procedure using petroleum ether (b.p. 40°-60°C) and gie¢ther. Crude fiber was deter-
mined on 2 g sample of defatted seeds as described by L@88)(1Ash was determined on
5 g sample heated to 550°C overnight in a muffle furnaceb@wgmrate was calculated by
difference from 100% of the total of moisture, protein, fauude fiber and ash. Composi-
tion (%) is expressed on a dry mass basis unless othedeiseribed. Amino acids were
determined by high performance liquid chromatography tedg MA, USA). Approx-
imately 50 mg protein was acid hydrolyzed using a modifiedcedure of Lucas and
Sotelo (1982), and 50 pL of the hydrolyzate was used. Th& GiBolvent consisted of
(flow rate 0.5 mL/min), pH 3.08 citrate buffer for 1 h, thdro{v rate 0.5 mL/min), pH 6.45
citrate buffer, with column temperature at 55°C and reactemperature of 110°C+5°C.
Standards (Pierce Chemical Co. USA) were used for idieatibn and assessment of
recovery.

Non-enzymic browning (NEB) was measured on 2 g sample datgrto Buckle and
Purnomo (1986), and reported as corrected absorbanc20anh x 16 g* solid.

Seed color was measured using a Hunterlab (Model D25A-2prCaid Color Differ-
ence Meter (Hunter Associates, VA, USA).

Sensory assessment was conducted using 30 Indonesiamtstddeniliar with tempeh
quality. The panelists were asked to assess color, flarmma, and overall acceptability
using a nine-point hedonic scale where 1 = like extremety%n dislike extremely, with 5
= neither like nor dislike.

Statistical analyses were conducted using a Statistiea@kdge for Social Sciences
(SPSS) package (Nie et al. 1975).
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Results and Discussion
Proximate composition of dry and soaked seeds, artdmpeh

The proximate composition of the dry seeds (Table 1) is iregdragreement with that
reported by Morton (1976) and Kay (1979) except that the tunoés fiber, and ash contents
in our samples are slightly higher. There were no major idiffees in the composition of
the five cultivars.

Table 1. Proximate composition (% wet weight) of pigeonpea seeds’.

Cultivar

Constituent (%) 702 Hunt Quantum QPL922 B15B

Moisture 13.7+0.1 14.7+0.2 15.3+0.1 11.2+0.2 11.0+0.1
Protein 19.8+0.1 22.9+0.1 18.6+0.4 22.4+0.1 19.8+0.2
Fat 3.4+0.1 2.1+0.5 1.9+0.4 2.0+0.1 1.1+0.1
Ash 3.5+0.1 3.5+0.1 3.3#0.1 3.620.1 3.1+0.1
Fiber 10.2+0.6 10.0+0.4 10.1+1.1 9.9+0.4 8.6+0.3
Carbohydrate® 49.4+0.1 46.8+0.4 50.8+0.2 50.9+0.1 56.4+0.1

1. Mean + standard error values given.
2. By difference.

Soaking in water for 24 h increased the moisture contentanbally, and boiling fora
further 5 min increased it slightly. The protein conteméreased during soaking, boiling
and dehulling, while crude fiber and ash contents decremsadesult of dehulling of the
seeds as shown for the Hunt cultivar (Table 2).

Conversion of the soaked, boiled and dehulled seeds intmpgeaempehproduced a
fermented cake with a similar moisture content to that aybbeantempeh,but with
substantially lower protein, fat, and fiber content andignificantly higher level of car-
bohydrates (Table 2). The protein, fat, and crude fibetezdrincreased as the proportion
of soybean increased in the mixture. The proportion of pigea seed in the mixture had
no effect on the extent of fungal fermentation that occdidhering incubation.

Freshtempehprepared from Hunt had significantly higher moistureteah (68.3%)
than that of pigeonpetempeh(55%) reported by Widowati and Damardjati (1986), al-
though the protein, fat, and ash content of Higntpehwere also significantly lower. Such
variations are no doubt due to differences in cultivampehpreparation method, mold
inoculum, and analytical methods.

Amino acid content of pigeonpea seeds antempeh

The level of the majority of essential amino acids in the fiigeonpea cultivars (Table 3)
were lower than those reported, especially for phenylaaribalunkhe et al. 1985). In
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Table 2. Composition (% dry mass) of pigeonpea Hunt before a nd after soaking and boiling, and of  tempeh
prepared from pigeonpea/soybean mixtures .

Moisture Protein Fat Crude Ash Carbohydrate
Treatment (%)? (%) (%) fiber (%) (%) (%)
Intact seed 14.7+0.2 26.8+0.0 2.5+0.5 11.440.0 4.1+0.1 40.61£0.4
Soaked 24 h 59.4+0.1 26.0£0.1 1.8+0.1 9.940.6 3.740.1 48.8+0.2
Soaked 24 h,
dehulled 59.6+0.1 30.1+0.4 2.1+0.3 3.9+0.4 3.610.1 55.2+0.6
Soaked 24 h,
boiled 5 min,
dehulled 62.7+0.3 32.6+0.4 3.1+0.1 3.6+0.3 2.610.1 49.5+0.1
Tempeh (pp:s)®
1.0 68.3+0.6 37.0+0.3 2.5+0.1 4.7+£0.6 2.6+0.1 45.0£0.2
3:1 68.9+0.6 43.9+0.6 7.3%0.2 5.2+0.3 2.8+0.1 29.0+0.1
11 67.0+0.6 51.2+0.1 10.2+0.4 5.6+0.1 2.7+0.1 20.7+£0.4
13 66.50.6 57.4+0.1 10.840.1 5.6+0.1 2.940.1 13.610.4
0:1 65.3+0.6 62.1+0.6 18.5+0.4 7.5+0.1 2.6+0.1 9.3+0.6

1. Mean = standard error values given.
2. % wet mass.
3. Ratio of pigeonpea seed to soybean (w/w).

comparison, the Quantum cultivar contained a signifiganower level of most of the
amino acids determined. The amino acid compositiorredtitempehprepared from a 1:1
mixture of pigeonpea seed and soybean was not significaifferent from that of soybean
tempehor pigeonpea seed.

Table 3. The amino acid content (g 100 g ™ protein) of pigeonpea seeds *.

Pigeonpea cultivar

Amino acid 702 Hunt Quantum QPL992 B15B
Aspartic acid 7.5%0.0 8.0+0.1 6.5+0.3 7.7+0.1 8.7+0.4
Threonine 3.4+0.3 3.310.1 2.6+0.1 2.8+0.4 3.5#0.1
Serine 4.1+0.1 4.5+0.1 3.6+0.1 3.810.6 4.840.1
Glutamic acid 9.310.7 13.1+3.0 7.5+0.0 8.611.1 11.9+0.8
Proline 3.610.1 3.9+0.0 2.6+0.3 3.3+0.6 4.1+0.1
Glycine 3.0+0.1 3.2+0.1 2.7+0.2 2.8+0.4 3.6+0.1
Alanine 8.2+0.4 3.4+0.1 7.5+0.6 7.5+0.4 7.7+0.2
Cystine 0.3+0.0 0.4+0.0 0.3+0.0 0.3+0.1 0.410.0
Valine 3.9+0.1 4.2+0.1 2.6+1.0 3.5+0.5 4.4+0.1
Methionine 1.0+0.1 1.0£0.1 0.7+0.1 0.8+0.2 0.9+0.3
Isoleucine 3.4+0.0 3.6+0.1 3.0+0.2 3.0£0.5 3.740.3
Leucine 5.940.1 6.2+0.1 5.2+0.4 5.4+0.6 6.6+0.4
Tyrosine 1.7+0.1 3.840.1 1.4+0.1 1.6+0.2 2.0+0.1
Phenylalanine 5.7+0.3 5.6+0.1 4.9+0.6 4.9+0.1 5.5+0.3
Lysine 5.6+0.3 6.4+0.1 5.1+0.4 5.7+0.6 7.5+£0.5
Histidine 3.2+0.1 3.4+0.1 3.0+0.4 2.9+0.3 3.7+£0.2
Arginine 5.240.1 6.2+0.1 4.7+0.3 5.0+0.6 6.31£0.3

1. Means + standard error values given.
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Table 4. Non-enzymic browning (corrected absorbance at 42 0 nm x 10 /g solids) of fried tempeh prepared
from mixtures of pigeonpea seeds and soybeans.

Ratio of pigeonpea:soybean (w/w)*

Cultivar 1.0 31 11 13 0:1

702 92+1 88+3 23+1 111 -
Hunt 36+4 251 13+1 11+1 -
Quantum 132+2 109+2 6216 18+1 -
QPL 992 107+4 92+1 7314 24+1 -
B15B 6014 58+2 48+1 35+7 -
Soybean - - - - 10+1

1. Mean + standard error values given.

Tempeh quality

Pigeonpeaempehwas significantly darker than soybesmpehwhile tempehprepared
from mixtures of the seeds had intermediate color. Theratifference was more notice-
able to the eye than was reflected in Hunterlabh &ndb values, although values (-ve =
green, +ve =red) decreased with increasing proportioigeigmpea seeds in the mixture.
The darkest seeds (Quantum) gave the lowestlue and the highestvalue (-ve = blue,
+ve = yellow).

Non-enzymic browning levels in frietempehsamples (Table 4) increased as th
proportion of pigeonpea to soybean increased. The higbegst Wwas shown inempeh
prepared from Quantum and the lowest tempehfrom Hunt. Browning levels in fried
soybeartempehwere minimal.

Organoleptic assessment of fris¢dmpehprepared from Hunt and from mixtures with
soybean (Table 5) showed that Indonesian panelists peefepybeatempehwith respect
to overall acceptability, but thaempehprepared from a 1:3 mixture of pigeonpea ant
soybean was still acceptable, especially with respectrmma. The color, flavor, and

Table 5. Sensory acceptability of fried  tempeh prepared from mixtures of Hunt and soybean .

Ratio of pigeonpea:soybean (w/w)

Sensory
property 0:1 1:3 11 31 1.0
Flavor 3.6+0.2a 4.5+0.4ab 4.610.3b 4.7+0.3b 5.3+0.3b
Color 3.8+0.2a 3.9+0.3a 4.9+0.3b 4.9+0.3b 5.0+0.3b
Texture 4.0+0.2a 4.5+0.3ab 4.7+0.3ab 4.9+0.3b 5.0+0.3b
Aroma 3.9+0.2a 4.2+0.3ab 4.9+0.3b 5.1+0.3b 5.24+0.3b
Overall accepta-

bility 4.1+0.3a 4.8+0.3ab 5.6+0.3b 5.9+0.3b 5.910.3b

1. Means of 30 replications + standard error.

Means followed by the same letter are not significantlyedéht (P<0.05).
Rating : 1 = like extremely, 9 = dislike extremely.
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aroma oftempehprepared using 50% pigeonpea was significantly diffetenthat of
soybeantempeh,although these products were still acceptabempehcontaining 50% or
more pigeonpea was marginally unacceptable. The limitdd ftam this study, using
Indonesian students as panelists, should be expamdasséss the preferences of a wide
cross-section of regular consumers tefmpeh.

Future Research

We will examine thdollowing areasin future.

* Chemical and biochemical changes (e.g. metabolism gérsucontributing to flat-
ulence) during the bacterial, and fungal fermentationsocated with soaking and
tempehproduction.

« Factors responsible for the unacceptable color of pigeatempeh (e.g. levels of
tannins and formation of NEB pigments).

* Preparation of acceptabliempeHike products from mixtures of legumes and othe
grains.

* Incorporation of pigeonpea seed flour and pigeonapehflour (ground, dried pi-
geonpeatempeh into a variety of traditional dishes as has been ackiefee dried
soybeantempeh(Sunaryo 1984).
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Potential of Pigeonpea as Split Dhal in the West
Indies

S.C. Birlal

Abstract. Pigeonpea has been grown in the West Indies for a long time, a
vegetable, and as a grain legume. However, production has remained stag
due to inadequate processing and marketing arrangements. The potentia
the crop in the dry splitform is yet to be tapped. The value of imports of
peas and beans in the region, on an average, during the years 1981-86 was
$ 12.5 million per year. Trinidad and Tobago alone accounted for 58% of
regional imports. Split peas for use athal, constitute more than 80% of
imports, since they cannot be grown locally. However, dry pigeonpea a
processing intodhal could be used as a replacementfor split peas.

This paper attempts to evaluate the potential of pigeonpealtes in the
West Indies. The present status of the pigeonpea industry in the West Indie
described, based on an analysis of the trends of production, area under
crop, and yields in different countries of the West Indies. Current uses
pigeonpea are also discussed. The potential for processing dry pigeonpea
dhal is established by determining the demand based on current consumg
patterns and other economic indicators such as population growth and incc
projections.

The economics of processing pigeonpea have been worked out, and s
tivity analysis used to determine its profitability. Factors affecting the realiz
tion of the potential are examined, including socioeconomic and institutior
factors, and government policies. Arising from the foregoing, ways and me
to realize the potential are discussed. Areas forfurther research are identifi
and cooperation between regional and international agencies is emphasize

Introduction

Pigeonpea is the single most important legume in the \Wesés. A report by Henderson
(1965) indicated that pigeonpea may have been introdtwelde West Indies by the slave
trade. Jamaica, Trinidad and Tobago, Grenada, and St. Niraze important producers of
pigeonpea, and the crop contributes substantially to Idoald security and creating

1. Senior Lecturer, Department of Agricultural Economaesl Farm Management, University of West Indies, St.
Augustine, Republic of Trinidad and Tobago, West Indies.

ICRISAT (International Crops Research Institute for then8-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 M&6, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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employment opportunities. Other countries in the regi@nexpressing interest in produc-
ing pigeonpea. Production potential for the crop in coestrwith a large land-base
resource, such as Belize and Guyana, is vast, but they laaketessary infrastructure.

Present Production System

Pigeonpea production in the West Indies is largely cardet by small-holder farmers.
The crop is grown as an intercrop. It is sown mainly withalotandraces, 75% of
production being harvested as fresh green peas. In-fielthanization is very limited; the
cost of production is high, and yields are low. The high odstarvesting inflates total
cost. Lacking an organized market, prices are not regulétedgh demand is high. While
imports can be substituted, the four most important cairgs are: a lack of high-yielding
day-neutral cultivars for all-year cultivation; thegti incidence of pests, mainly pod
borers; the high cost of labor for harvesting; and the higgt of technological inputs.

Area, Production and Yield

Table 1 summarizes the area, production, and yield of piges in different English-
speaking countries of the West Indies.

Pigeonpea produced in the region contributes about dtre-6f the total legumes
consumed in the region. Acreages and production have leothined stagnant over time.
Production is largely restricted to small farms to meet tlaekmt demand for fresh green

Table 1. Area, production, and yield of pigeonpea in differe nt countries of the West Indies.

Area Production Average yield
Country (ha) (t) (kg hat)
Antigua and Barbuda?® 5 2.5 n.a.
Bahamas? 80 40 n.a.
Barbados? 7 3.5 n.a.
Belize
Dominica? 5 2.5 n.a.
Grenada 496 281 691
Guyana' 16 7 437
Jamaica 2246 1887 840
Montserrat - -
Saint Christopher/Nevis? 3 15 n.a.
Saint Lucia?® 1 0.5 n.a.
Saint Vincent 218 196.5 900
Trinidad and Tobago 1900 1425 750
Total 4977 3848

Source for 1. Caribbean Agricultural Research and Dewveémt (1978); For others FAO (1988).
2. No yield estimates were available for these countriedigire of 500 kg ha was used to derive the total
production.
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peas, or as a backyard crop for family consumption. Yiedds relatively low, as the
production practices followed by small farmers are ragh@mitive when compared to
practices followed for other high-value crops.

Current Consumption Pattern

Pigeonpea is consumed in all the countries of the regiocsome form or other. The most
important use is at the mature green pea stage. Fresh geasrare cooked with spices fot
about 10-15 minutes; then rice and water are added, andabking is continued. Frozen
and canned peas can also substitute for fresh peas. Dojevpleas can also be cooked thi
same way, but they cook faster if they are pre-soaked tervar 8-10 hours.

A popular use of green pigeonpea is mixing it with curmeeht dishes. In West Indian
restaurants it is usual to find curried chicken or goaatmmeixed with pigeonpeas. Dry
peas are generally not used with meat. Pigeonpea icaltdoed as a vegetable, often along
with other vegetables. It is an important ingredient ipglar local soups.

Another use of green pigeonpea is re-emerging in the raress of Trinidad, where it
is used as stuffing forotis (another popular West Indian preparation) instead ofdbah
The green peas are boiled, mashed, and spiced, beforatbdapcorporated intootis.

In spite of pigeonpea's popularity, its consumption inrégion is low, and accounts for
less than 20% of all the legumes consumed. Moreover, dvesakumption of legumes is
also low relative to that of cereals and meat products, artewy substantially among
different countries of the region. The variations in canption seem unrelated to income
variations. Relative price differences may serve tplai the dominance of cereals over
legumes, but this certainly cannot explain the dominasfcmeat, fish, and poultry over
legumes (Mcintosh 1979). The low consumption of pigeanppethe region may also be
due to the non-availability of pigeonpea all year roundd &me easier access of other
imported legumes.

Potential

The potential of the pigeonpea crop in the West Indies leagrnbeen assessed. Various
reports in the region have estimated the current or ptejedemand based on domestic
production and imports. In most cases, there has beema@r+estimation of demand, as
imports in some of the countries of the region have beendbasethe availability of
foreign exchange, rather than on total demand.

There exists a tremendous potential for increased proaiu@nd consumption of pi-
geonpea and other legumes in the region. Caribbean Contynand Common Market
(CARICOM) estimates the potential for growing pigeoape the region to range between
18000-27000 tonnes (CARICOM 1980). This potential camerealized unless steps are
taken to increase the availability of the products atrdfible prices. Improvements in the
existing system could improve the performance of farmershvgimall holdings but they
can expand the supply only marginally. The processingigeonpea intalhal to replace
imported split peas seems to have a promising futuedtiér a canning industry nor the
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processing of dry pigeonpea can be developed based onlyisrsdhrce of supply. An
earlier comprehensive scheme (de Verteiul 1962), prechdty a food processing firm in
Trinidad, to encourage small growers to produce laggantities of pigeonpea for an
assured market collapsed after 2-3 years of operation.nidie reason for the collapse of
the scheme was the inability of small farmers following tteditional system of produc-
tion to provide the minimum quantities of raw materiadueed to sustain the processing
industry.

Figure 1 shows the potential in the region for currens ueigeonpea, its immediate
substitution for other foods, and the long-term uses gépnpea.

The Impact of Realizing the Potential

The Caribbean region spent about US $ 12 million in 1986roporting legumes and
pulses. Trinidad and Tobago accounted for 58%, and Guya¥tacfQotal imports. The
realization of thefull potential of pigeonpea coulshvethe countries of the region much
needed foreign exchange, provide food security, and genemployment.

Future Outlook

The potential for pigeonpea in the region was never fudglglized. With many Caribbean
governments restricting imports due to foreign exchaogestraints, diversification of

agriculture has received a new impetus in the region. Siigeonpea has been identified
as one of the crops in the diversification program aimeaaticing the food import bill,

the legume could reach its full potential.

The Economic Aspects of Pigeonpea Production and Processi

The continuation of pigeonpea production over time by fasnveith small holdings in the
region is an indication of its profitability, but the avadility of land and labor are the
major factors limiting the expansion of production. Thé fantential of pigeonpea cannot
be realized unless a dry pigeonpea production system dsdahlgeloped in the region. The
direct costs of cultivation of pigeonpea was estimatetV&t$ 470 hd (Birla and Ar-
iyanayagam 1988). A well managed crop can be expected td wielaverage of 1.1 t Ha
US $ 0.24 kg being the cost of production, excluding indirect co$tse cost of cultiva-
tion for projected mechanized dry pigeonpea productiosulsstantially lower than that of
cultivating green pigeonpea by farmers with small holding

From a preliminary analysis, it appears that locallyquoed and processed pigeonpea
could compete reasonably well with imported split peashéninitial years, some govern-
ment intervention may be required in the form of price suppnd import restrictions.

Research Program

In order to realize the full potential of pigeonpea in thgio®, an action-oriented inte-
grated research program must be developed involving alttimcerned national, regional,
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Figure 1. Potential of pigeonpea current uses, immediabststution, and long-
term development.
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and international institutions. The main thrust for théufe should be targeted at utilizing
the crop not only in the green form, but alsodimsl, flour, and other new products. This
will include developing a mechanized system to dry pigeonpaad processthem into
dhal. The existing system of green pea production needs ingmewt in order to meet the
growing demand for the product. There is a need to develpmduction-oriented program
through mechanized system of large scale production of dny green pigeonpeas for
processing. Another area where the crop can be usedasuiadty is as fodder by the
livestock industry, which is rapidly expanding.

Establishment of a pilot project to process dry pigeonpea

A pilot project to process dry pigeonpea into dehusked gial must be set up in the
region as a matter of urgency. In view of the climatic fagt@nd the labor situation in the
region, an automatic unit based on improved technologyhwitapacity of 0.5-1 t ddy
may be most appropriate. It would test the suitability aflttional and improved varieties
of pigeonpea for processing, and the market acceptabifitthe new product.

Development of a mechanized system of dry pigeonpea prochion

The availability of dry pigeonpea for processing is degahdupon the development of a
mechanized system of production for adoption on largatest Only recently, large
Government farms have allocated land to pigeonpea producis part of the policy of
governments in the region to diversify agricultural progloe. Other private estates are
also showing interest in pigeonpea production. Howevecompletely new package of
technical know-how, agronomic practices, and a meclahigroduction system needs to
be developed and tested.

Improvement of existing green pigeonpea production

The supply of green pigeonpea is constrained due to thdiveln short harvest period.
The available supply is not able to meet the demand fehfend canned green peas in the
region. There is a need to introduce and test early and mediataring vegetable-type
varieties to increase the supply of fresh peas, and eriheie availability.

Nutritional education, information, and development ofnew products

Pigeonpeadhal is a good source of low-cost vegetable protein. Nutridloeducation is
very important in order to replace imported split peas byiaeally-produced pigeonpea
dhal. Moreover, pigeonpedhal is similar to split peas in nutritive value (ICMR 1966}s |
use in the region will increase, especially among low-inecadonsumers, as they become
more aware of its nutritive qualities, available at rexdde cost. Pigeonpea flour can be
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substituted for split pea and chickpea flour and used enptieparation of soups and infant
foods.

Other Related Projects

Projects which may improve the efficiency of pigeonpeaduction in the region are listed
below.

* A benchmark survey of the current uses in the region.

* A feasibility study to establish a commercatal mill.

» Benefit-cost analysis of mechanized production.

« Exploring the possibilities of ratooning, especially firy pigeonpea production after
harvesting a crop of green peas.

* Research on sowing and harvesting technology.

The realization of these research objectives can only héaed through the active
cooperation of international, regional and national agen In view of the changing socio-
economic conditions in the region, it is hoped that the pwliential of pigeonpea produc-
tion and consumption can be realized in the not too distante.
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Pigeonpea as a Protein Source in Poultry Diets

Boonlom Cheva-lsarakul and Suchon Tangtaweewipat

Abstract. The effect of using feeds with high contents of pigeonpe
(30-50%), supplemented with methionine on performance, pancreas me
haematocrit, and mortality rate was studied in 270 7-day-old broiler chicken

After 7-day pellet feeding prior to the experiment, birds were random
allocated to JO treatments, each with 3 replications. Feed and drinking wat
were freely accessible. The rations contained 12.15-12.57 M3 Wih 21%
crude protein for birds 1-3 weeks old, 19% crude protein for 3-6 weeks old, a
17% crude protein for birds 6-7 weeks old. The levels of pigeonpea were 30,
and 50%, and methionine at 50, 100, and 150% was added above requiren
suggested by the National Research Council (NRC). The treatments were ¢
pared with the control of 0% pigeonpea, and 50% methionine above the NI
requirement.

No significant mass gain differences were found among the groups at w
7. The feed consumption and feed conversion ratio increased with level
pigeonpea used. The same was found for pancreas mass, while the haemat
value was not affected. Methionine supplement at the level of 100 and 15
above the suggested level did not improve the performance of the birds fed
high levels of pigeonpea.

Introduction

Pigeonpea has a fairly high protein content (21.3%), red¢dyi low fiber content, rather

small seeds and is drought resistant. The crop could bee rextensively cultivated in

Thailand as a source of vegetable protein for animal feddchara cover crop to prevent soil
erosion in tropical and subtropical areas.

Pigeonpea in Poultry Diets

In recent years pigeonpea has been investigated for usecasmponent of poultry feed. It
was found that 20-30% of pigeonpea could be used in brdiéds, and layer ration at peak

1. Associate, and Assistant Professor, Department of Aalimusbandry, Faculty of Agriculture, Chiang Mai
University, Chiang Mai 50002, Thailand.

ICRISAT (International Crops Research Institute for them$eArid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 M8B 1ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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production without affecting nutritional quality (Tangteewipat and Elliott 1988, 1989).
In the broiler trial there were no significant differendetween the growth rate of birds
fed 30-50% pigeonpea and the control, eventhough pigeoopetains a trypsin inhibitor

(Visitpanich et al. 1985a). This might have been due toctreentration of methionine in

the feed, which was adjusted to a level above that requiyetthd birds, and its ability to

compensate for the non-availability of sulfur containingimo acids caused by the proteast
inhibitor in pigeonpea (Frost and Mann 1966). This mayehessulted in better protein
utilization, with no adverse effect on growth, as compaethe control diet that did not

contain a trypsin inhibitor (Khayambashi and Lyman 196&)widver, the level of meth-

ionine in the experiment conducted by TangtaweewipatElidtt (1988) might not have

been high enough to improve the feed-conversion ratio wligeaonpea constituted more
than 30% of the diet; therefore further investigation isdege

Diet Trials

Two hundred and seventy 7-day-old broiler chicks (Strainblbbrd), were randomly
allocated to 10 dietary treatments in a completely randerdhidesign, with 3 replications.
Birds in each replication were raised in floor pens 0.98xni?. Feed and drinking water
were supplied ad lib. The diet fed during the 1st week wasramercial starter pellet,
containing 21% crude protein (CP). The mash-fed diet durif8 weeks contained 21%
CP, during 3-6 weeks contained 19% CP, and during 6-7 weekmioed 17% CP. The
energy level of all diets was maintained at 12.15-12.57 ajoegies (MJ) metabolizable
energy (ME) kg! throughout the experiment. Raw pigeonpea (cv Hunt) sudstituted for
soybean meal and maize at levels of 30%, 40%, and 50% inatienyr while the control
diet (T1) contained no pigeonpea (0%). All rations wadusted to contain methionine at
50% above the requirement recommended by the NationalaR#s€ouncil (1984) (Ta-
bles 1-3), and as the pigeonpea component in the diet ¢gsiyely increased, methionine
was supplemented in the diet at levels of 100% and 1508teathe NRC requirement.
Body mass and feed intake were recorded at 3-week intendalthe end of the experi-
ment, when the birds were 7 weeks old, 22% of the birds (orle ared one female from
each replication) were randomly slaughtered to determiaecqrgas mass, after blood
samples had been taken from two male and two female bedseplication to determine
haematocrit value. The data were subjected to an asabfsvariance and Duncan's new
multiple range test to determine differences among thetrtrents (Steel and Torrie 1980).

The feeding trial was carried out at the Research andnTmgi Centre, Chiang Mai
University from 4 Nov to 23 Dec 1988. The chemical analysefe@ed and haematocrit
determination were conducted at the Nutrition Laborat@gpartment of Animal Husban-
dry, Chiang Mai University.

Results
Growth rate and feed efficiency

No significant differences were observed among the treatsnin mass gain when the
birds were 7 weeks old (Table 4). The feed consumption afsbfed diets containing
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Table 1. Nutrient composition of broiler diets during days 8-21 (weeks 1-3).

Level of pigeonpea in diets (%)

Ingredients 0 30 40 50
Pigeonpea (21.3% CP) - 30.00 40.00 50.00
Yellow maize (8.9% CP) 50.21 39.20 30.16 26.32
Rice bran (12.0% CP) 19.30 5.00 5.00 -
Soybean meal (44.0% CP) 19.30 10.92 7.90 5.19
Fish meal (57.0% CP) 10.00 10.00 10.00 10.00
Soya oil - 3.79 5.87 7.47
Oyster shell 0.34 0.23 0.22 0.17
DL-methionine 0.32 0.43 0.45 0.48
L-lysine 0.21 0.11 0.08 0.05
Salt 0.07 0.07 0.07 0.07
Premix (Embavit no. 1 (R))* 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00
Calculated chemical composition (% air-dry basis)
Crude protein 21.00 20.98 20.98 20.98
ME (MJ kg-1) 12.15 12.15 12.15 12.15
Crude fiber 5.68 5.23 5.41 5.41
Calcium 1.00 1.00 1.00 1.00
Available phosphorus 0.48 0.50 0.51 0.52
Methionine 0.75 0.75 0.75 0.75
Lysine 1.23 1.23 1.23 1.23

1. May and Baker products.

Table 2. Nutrient composition of broiler diets during days 22-42 (weeks 3-6).

Level of pigeonpea in diets (%)

Ingredients 0 30 40 50
Pigeonpea - 30.00 40.00 50.00
Yellow maize 67.60 44.96 38.38 28.74
Rice bran 5.00 2.50 - -
Soybean meal 18.43 8.85 6.12 3.59
Fish meal 7.71 7.71 7.71 7.71
Soya oil - 4.78 6.66 8.88
Oyster shell 0.56 0.50 0.45 0.40
DL-methionine 0.23 0.29 0.31 0.32
L-lysine 0.11 0.05 0.01 -
Salt 0.11 0.11 0.11 0.11
Premix 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00
Calculated chemical composition (% air-dry basis)
Crude protein 19.12 19.00 19.03 19.19
ME (MJ kg™) 12.57 12.57 12.57 12.57
Crude fiber 4.56 4.95 4.96 5.15
Calcium 0.90 0.90 0.90 0.90
Available phosphorus 0.40 0.42 0.42 0.43
Methionine 0.57 0.57 0.57 0.57
Lysine 1.03 103 103 1.03
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Table 3. Nutrient composition of broiler diets during days 4 3-49 (weeks 6-7).

Level of pigeonpea in diets (%)

Ingredients 0 30 40 50
Pigeonpea - 30.00 40.00 50.00
Yellow maize 67.34 51.25 41.62 33.20
Rice bran 11.00 3.00 3.00 -
Soybean meal 12.98 3.41 0.88 -
Fish meal 7.37 7.37 7.37 7.37
Soya oil - 3.77 5.98 8.31
Oyster shell 0.70 0.60 0.54 0.50
DL-methionine 0.16 0.22 0.24 0.25
L-lysine 0.08 0.01 - -
Salt 0.12 0.12 0.12 0.12
Premix 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00
Calculated chemical composition (% air-dry basis)
Crude protein 17.23 17.02 17.18 17.82
ME (MJ kg™ 12.57 12.57 12.57 12.57
Crude fiber 4.80 4.78 4.98 5.00
Calcium 0.90 0.90 0.90 0.90
Available phosphorus 0.40 0.40 0.40 0.40
Methionine 0.48 0.48 0.48 0.48
Lysine 0.86 0.86 0.86 0.86

pigeonpea was higher than that of the control, so the feedearsion ratio of the pi-

geonpea-supplemented diet was significantly highen ttieat of the control (Table 4).

Supplementation of methionine at 100% and 150% levelseatite NRC requirement did
not improve the feed conversion ratio at any level of pigeea incorporation. Although

there was a significant difference in bird mortalitywis independent of the pigeonpea o
methionine level in the diet.

Pancreas mass and haematocrit value

Pancreas mass, averaged for both sexes, at 7 weeks @rayealculated as a percentagr
of live mass gain tended to increase with the level oépigpea incorporated in the diet,
though this was not significant. Supplementation with highels of methionine had no
effect on pancreas mass. All the groups of birds had sirhBbamatocrit values. Neither
incorporation of pigeonpea, nor the high levels of metmersupplement affected haem-
atocrit values (Table 5).

Discussion

The increase in pancreas mass with increasing levgiggeonpea in the diet might have
been due to the presence of a protease inhibitor (Visitpaa@i@l. 1985). This could be a
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Table 4. Production performance of 7-week-old broilers fe
and methionine.

d diets containing varying levels of pigeonpea

Methionine (%)

supplemented
above NRC
Level of (1984) Liveweight Feed
pigeonpea recommended gain' consumption? Mortality
in diets (%) level (kg) (kg) PCR® (%)
0 50 2.25 4.33% 193 0*
30 50 217 4,72 2.18° 3.70%
30 100 2.15 4.48% 2.09° 7.41°
30 150 2.22 4,74 2.14° 3.70°
X 2.18+0.04 4.65+0.14 2.14+0.05 4.94+2.14
40 50 2.22 4.89i 2.20* 22.22°
40 100 2.03 4.48%" 2.21* 3.70%
40 150 2.17 487 2.25% 0?
X 2.14+0.10 4.75+0.23 2.22+0.03 8.64+11.91
50 50 2.11 4.73" 2.25*% 7.41°
50 100 2.18 4.89™ 2.25* 3.70°
50 150 2.18 5.18¢ 2.38° 11.11%*
X 2.1620.04 4.99+0.23 2.29+0.08 7.41+3.71
Mean (n=30) 2.17 4.73 2.19 6.30
SE 0.06 0.11 0.05 351
cv 4.66 4.07 4.20 96.67

1. No significant differences.

2. Within a column, different superscripts denote significant differences (P <0.05).

3. Feed Conversion Ratio = comumpion
Live weight gain

Table 5. Pancreas mass and haematocrit values of 7-week-ol
pigeonpea and methionine.

d broilers fed diets containing various levels of

Methionine (%) supple-

Pancreas mass®

Level of pigeon- mented above NRC (1984) (g 100 g)* Haematocrit*
pea in diets (%) recommended level live weight (%)
0 50 0.198 31.18
30 50 0.236 31.29
30 100 0.233 30.90
30 150 0.247 32.31
X (n=3) 0.239+0.007 31.50+0.73
40 50 0.235 33.67
40 100 0.259 32.07
40 150 0.247 35.81
X 0.247+0.012 33.85+1.88
Continued
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Table 5. Continued.

Methionine (%) supple- Pancreas mass®
Level of pigeon- mented above NRC (1984) (g 100 g)* Haematocrit*
pea in diets (%) recommended level live weight (%)
50 50 0.246 31.69
50 100 0.248 32.32
50 150 0.260 34.02
X 0.251+0.008 32.68+1.21

Mean (n=30) 0.241 32.53

SE 0.019 115

CcVv 13.80 6.10

1. No significant differences.

compensatory effect of the pancreas, which by secretingenpooteolytic enzymes coun-
teracts the amount inactivated by the inhibitor in pigeangSchneeman et al. 1977,
Struthers and McDonald 1983, and Temler et al. 1984). Kimdngeshi and Lyman (1966)
reported that methionine, with threonine and valine, sapginted to a diet containing a
trypsin inhibitor, improved the growth rate of rats. Andiar result of methionine supple-
mentation was found in a broiler trial conducted by Tangtwipat and Elliott (1988).
The observed higher feed consumption by birds on pigeonjeda thight be due to a
compensatory effect for inefficient protein utilizatioresulting in a higher feed conversion
ratio (P < 0.05). Other reasons that might have aided higher fe¢ake could be the
supplementation of vegetable oil to pigeonpea diets tontain the diet's energy level.
This addition improved the diet's odor and palatabjlidpd reduced dustiness. The higher
supplement of methionine at 100% and 150% above the NR€l [@984) did not improve
the performance of birds above that of those fed at 50% eablo requirement. The level
of methionine may be sufficient to compensate for theavailability of sulfur-containing
amino acids caused by inhibitors in pigeonpea (Frost andnME366). Higher methionine
supplementation without adding other limiting amino aciduch as threonine and valine,
might causean imbalance in the amino acid pattern. Surplus levels ethionine will
finally be deaminated in the liver (Lehninger 1975).ngieaweewipat and Elliott (1989)
showed that in birds fed a high level of pigeonpea in thedt,dhreonine deficiency might
occur, due to its inefficient use which could have sigrfity decreased egg production.
The results of this experiment are not in agreement withingpll et al. (1974) who
found an adverse effect on growth when birds were fed pigeomp levels of more than
30% in the diet. This might have been due to the fact thet thd not take into account the
inefficiency of methionine and energy utilization causedpigeonpea. Also, our results
are not in agreement with those of Nambi and Gomez (1988) found that the highest
level of raw pigeonpea that could be incorporated into ibéwas 15%. At the 20% level
pigeonpea should be autoclaved at 121°C under press@® Kf. cm?) for 15 min.
Supplementation of 0.2% methionine or 0.2% methioninE%® tryptophane to the diet
containing 20% pigeonpea did not improve the growth agatlfefficiency ratio of birds
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(Nambi and Gomez 1983). This might be due to the presehaehimher concentration of
inhibitors in the pigeonpea used in their experimentnilght also be due to the insufficient
supplementation of methionine and energy balance efrttion.

The result of this experiment seems to agree with theldrdrial conducted by
Tangtaweewipat and Elliott (1988). The growth rate dadd conversion ratio of the
control group was higher in this experiment than dataioletd from a commercial farm.
This improved growth rate might be due to better envirental conditions, especially
better temperature control and hygiene. There was afgigntly higher feed conversion
ratio when pigeonpea was incorporated at the levels &b 3ban the control, while no
difference was found between the two groups in the erpemt of Tangtaweewipat and
Eliott (1988). However, the feed conversion ratio of tiroups fed 30% pigeonpea in the
two experiments were comparable. The same tendencyalsasfound at the 40% and 50%
level of pigeonpea incorporation.
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Legume Quality Factors Affecting Processing and
Utilization

Manel |. GomeZ

Abstract.  Much of the plant breeding work on the quality of legumes h
been directed towards improving their nutritional quality, notably to increa
ing protein content, and improving their amino-acid pattern, and the balan
and reduction of such anti-nutrient factors such as trypsin-inhibitors ai
haemaglutinins. Relatively less attention has been paid to quality factors
affect the processing and utilization of legumes. This paper briefly reviews
highlights recent work on the processing quality of legumes, in order to prov
pointers to future objectives and strategies in legume improvement programs
they specifically apply to ICRISAT mandate crops.

Quality factors affecting cooking time and cookability are major determ
nants of utilization and processing potential. Some of these, such as w
absorption, hydration, starch gelatinization, and the effect of processing tre
ments on these characteristics are reviewed. Postharvest and storage-qu
changes in legumes, which cause the hard-to-cook phenomenon and the n
anisms involved, are discussed to illustrate the importance of good stor
conditions.

Available processing technologies, such as germination, fermentation,
protein isolation/concentration, as well as newer applications of groundn
and chickpea in such novel foods as beverages and pasta products, are e
ined in relation to grain andfood quality requirements.

Introduction

Most plant breeding work related to the food quality of leganhas in the past been
directed towards improving their nutritional quality,tably increasing the protein content,
and improving the amino-acid pattern, and balance and teduof antinutrient factors
such as trypsin-inhibitors and heamagluttinins (Bli833, Kelly 1971, Dickson and Hack-
ler 1973, Jeswani et al. 1970).

Relatively less attention has been paid to quality factbad affect processing, utiliza-
tion, and consumer acceptance of legumes. This papeflpnieviews and highlights more

1. Principal Food Technologist, SADCC/ICRISAT Regionadr§hum and Millet Improvement Program, P.O.
Box 776, Bulawayo, Zimbabwe.
ICRISAT Conference Paper no. CP 629.

ICRISAT (International Crops Research Institute fortiSemi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 ¥¥89, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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recent work on the processing quality of legumes to sesvgoanters to future strategies ir
grain legume improvement and utilization. The reviewMrnclude work on legumes other
than the specific ICRISAT mandate legumes, to illustrarteas of relevant research an
investigations with likely applications to the mandat®ps: chickpea, pigeonpea, ani
groundnut. Some selected processing technologiisbe discussed to indicate the scop
and potential of expanding and diversifying the utilipatof these crops.

Cookability

Cookability, as applied to legume seeds, has been dbfieéthe conditions by which they
achieve a degree of tenderness during cooking, acceptablbe consumer'. In most
countries, legumes are commonly prepared for traditicromsumption by soaking for
varying periods and then boiling. A characteristic propedftnearly all dried legumes is
the long cooking time of 3-4 h required to attain the regdidegree of softness anc
palatability ('"doneness’). In high altitude regionscls as the highland plateau of Africa
cooking time is even further increased.

In the semi-arid regions, with shortages of energy ressjncotably fuelwood for food
preparation, cooking time and cookability are importanteria for domestic utilization.

Traditional processing methods and pretreatments dedigo reduce cooking time
include soaking in water for periods of up to 24 h, and tbe af traditional softening
agents, such afagadi' soda in eastern Africa.

Water absorption is an important determinant of the rateydfation and of cooking
properties. Water absorption is to some extent deterdhimg heredity, but it is also
influenced by environmental factors, such as agronanit storage conditions. Starch an
protein are the major components involved in the hydrapomcess, while seed anatomy
and cellular structure are just as important. Agbo (138#honstrated significant differ-
ences in processed food quality between two dry béwains of the same genotype tha
differed only in a single gene for seed-coat color. This ngemic difference affected the
water uptake and starch gelatinization characteristics.

Initial moisture content, seed-coat thickness, texturd permeability, and storage
temperature have been shown to affect water uptake imeawSefa-Dedeh and Stanley
1979, Moscoso 1981) and dry kidney bean. In several epaxdilegumes, a good correla
tion between phytic-acid content and cookability hagerbobserved (Kon 1968, Kumar e
al. 1978, Mattson et al. 1950). The mechanism proposethas phytic acid chelates
calcium, reduces the formation of calcium-pectic compdesesponsible for hard texture,
and exhibits a texture-softening effect.

Hard-to-Cook (HTC) Phenomenon

Long storage periods under tropical conditions result InCH This phenomenon has beer
reported in several species of legumes including cowpdaaa kidney bean (Jackson anc
Varriano-Marsten 1981, Sefa-Dedeh et al. 1979). HTC tedubm deterioration during
storage and reduced water absorption (hard shell) andadnbky of cotyledons (Scle-
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rema), accompanied by deleterious changes in textutdlavnor. Mejia (1979) reported a
significant correlation between an increase in targtntent and hardness, attributable t
temperature- and humidity-dependent changes in condeasains, and continued devel-
opment of tannin from low-molecular mass nontannin mateilhe loss of cookability of
dry kidney bean in storage has been related to the reduit phytic acid phosphorus, and
changes in the ratio of monovalent to divalent cationsdaked bean. The reduction ir
phytic acid and monovalent cations results in lower sbip&tion of pectic substances
through chelation and ion exchange during cooking (Mescat al. 1984).

HTC is overcome by the use of salt solution for soaking #gues. Salt alters the
configuration and conformation of native proteins, thusréasing their solubility, reduc-
ing steric hindrance, and exposing more peptide bondg/tiwolysis. Salts also break the
hydrogen bonds between protein and condensed tan@Sial$.reduces the calcium- and
magnesium-mediated interactions between phytic actl otein and between minerals
and pectin, altering the microstructure of black beankimg them more porous and
permitting easier penetration of heat and water (Sievwragid Shipe 1986). Rockland anc
Metzler (1967) observed that soaking dry bean in foratlg salt reduced HTC.

The foregoing review and discussion illustrates the rteedonsider and evaluate the
following quality factors, as indices to evaluate thegassing quality of chickpea and
pigeonpea.

» Seed coat thickness and permeability
« Tannins and phytic acid

« HTC

» Starch gelatinization

There is inadequate information on quality aspects efehlegumes and researct
efforts in these areas are indicated.

Processing Technologies and Products

Fermented legume products have been prepared and codsaorttee Orient for centuries.
Many fermented soybean foods, suchn@so nattoandtempehare consumed as traditional
foods, but have also been commercialized in Japan, Ti@jland Indonesia.

Tempeh,the product of a legume fermentation based on a fungganism,Rhizopus
oligosporus, is of special interest as a supplement to vegetariatsdibecause of its
nutritional and flavor characteristics (described astmeautty, and chicken-like). Robin-
son and Kao (1974) have developetempehfrom chickpea and faba bean, and work on
pigeonpeatempehis in progress in Indonesia. A shelf-stable, palatalblied nutritious
tempehwas developed from red kidney bean (Gomez and Koth8n®), which effectively
reduced cooking time from 3-4 h to 20 min, and produceelady-to-eatempehin a 48 h
incubation period. The pilot-scale flow chart of this pscés shown in Figure 1 and the
following details and features of this process merit sleattention.
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Whole dried red kidney beans

v

(5) Wash and soak 16-18 h_bgciJsaCka\r/\(/jater
Alternate process l
¢ _______ Precondition
(1) Lye dip 20 sec l
‘ Steam 5 min [#———Direct steam
Tap-water rinse ¢
l Abrupt quench
in cold water
(6) Acid dip 10 sec ¢- -— — — p| Manual dehulling (1)

(I)Wetdehulling in
abrasion peeler

. Floatation, removal (1)
2nd tap-water rinse

of hulls

(2) Boil 20 min

*

Drain, cool,
inoculate

!

(3) Incubate 48 h
at 18-23°C

!

Ripe, ready-to-eat
tempeh

v

Steaming of ripe tempeh (4)

Figure 1. Flowchart for pilot-scale process for red kidneybean tempeh production.
(Gomez and Kothary 1979).
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« Dehulling was found to be essential for adequate patietr and growth of the fungal
mycelia. Therefore dehulling pretreatment step beralative chemical (lye) treatment
or physical treatment involving quick steaming and ewfater quench, or mechanical or
manual dehulling should be considered.

« Optimization of prefermentation boiling conditions: t(a) sterilize the bean mass; anc
(b) achieve sufficient starch gelatinization within thetyledons to soften the starch
granules but not teausetheir expansion, as otherwise thieuld fil the interspaces
between cotyledons and inhibit the growth and penematf the mycelia within the
bean mass.

« Ambient temperature incubation for 48 h to avoid bo$teating/incubating equipment.

+ Steaming of ripgempehto arrest further mold growth (and sporulation) aadbasteur-
ize the product prior to storage 'as is' or oven/sun dyyio a shelf-stable moisture
content.

» Prevent migration of hull color into cotyledons by (aegoaking to leach out water-
soluble pigments, and by (b) dehulling.

* pH values as low as 4.5 were not inhibitory to mold growth

The following quality factors are important criteria fdret production of legume
tempeh:

+ Ease of dehulling and thickness of the testa

+ Testa color and migration behavior of pigments intoyteatons
+ Water absorbed

* Amylose content and gelatinization temperature of starc

Germination

Several studies document the improvement in nutritianeality of grain legumes effected
by germination. Sprouted legumes, such as mung beanyiarely consumed as fresh and
canned products, and are known to have significant tiatral advantages over non-
sprouted grain, such as increase in Vitamin C contedtdatrease in antinutrient factors.
Germination of other legumes is, however, not yet wydptactised on a traditional or
commercial scale. While flavor and functional and mtiomal improvements in malted
cereals have been exploited in the commercial productidreef, food, and flavor malts,
comparatively little work has been carried out in thédization of germinated legumes.

Mosha and Svanberg (1983) observed an important prop#Ergprouted cereals, i.e.,
the reduction in dietary bulk accompanying the reductia viscosity of germinated
cereal-water mixtures. This property was used to adggnto increase the nutrient density
of cereal-based weaning foods. Marero et al. (1988) haeently applied the same
principle to prepare blends of cereal:legume germinatediré to prepare a protein-
supplemented weaning food of high nutrient density angestibility. Blends of 70%
cereal (rough rice and maize) and 30% legumes (mung bedncowpea) were found to
provide over 1/3 of the dietary requirements of proteird axalories for weaning-age
children.
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Soaking Pregermination

Soaking, as a pretreatment or pregermination step, hasivest limited attention as a
process. Many studies report only on the net effects ofiaga&nd germination. Since this
is a simple no-cost technology applicable at the doméstiel, it is worthwhile investigat-
ing more extensively the effect of soaking on quality ¢fenin legumes. Soaking is
widely practised on a domestic scale as a pretreatment éordehulling and grinding,
based on the obvious physical benefits of swelling, wageke, and resultant softening
and loosening of seed coats. The hydration process hovaéseibrings about the mobiliz-
ation of enzyme systems, and a differential analysis o ahk soaking process could
assist in identifying the benefits and advantages of sapks a pretreatment for boiling, or
for preparation of wet-ground, dried legume flours.

In an experimental study on Bambara groundnut, (Gomez, hlighed) for example, a
significant reduction in trypsin-inhibitor (TI) actiwitand phytic acid was noted in the 24-h
soak period; Tl remained stable over the following 5-dayrgeation period, while phytic
acid continued to decrease (Table 1). Similarly, con@in of most amino acids was
higher at the 24-h soak time than at germination (Table 2¢s&hesults indicate a need to
evaluate soaking as a process, more fully for its physisalchemical, and functional
quality changes.

Beverages

The viscosity-reducing property of germinated chickpea &lso found application in the
production of a legume beverage. A chickpea-based chacblaterage was developed in
Mexico to increase local consumption of chickpea, sincetmbshe chickpea grown is
exported. However the product's high viscosity made it ceptable (Fernandez de
Tonella et al. 1981). The beverage from germinated chiclgh@aved decreased viscosity
and improved consistency when compared to a control forredldrom nongerminated
chickpea, attributable mainly to a 15% reduction in dta(Eernandez de Tonella and
Berry 1987).

At the Central Food Technological Food Research Instit@ETRI) in India, a high-
protein drink known as Miltone was prepared from groundpudtein isolate
(Chandrasekhara et al. 1971). In the Philippines, a cousependent on imports of milk
and dairy products, a nondairy milk substitute has beexdyred using nondefatted or
partially defatted groundnut using low-cost technologyulfRo et al. 1987) (Fig. 2).
Though groundnut milk preparations have been studied sitely (Schmidt and Bates
1976, Beuchat and Nail 1978, Encarnacion and Rillo 1982xgss and product optimiza-
tion is still to be achieved with respect to flavor, textigmulsion stability, and shelf life.
Defects, such as 'chalkiness' and suspension-stabilibpl@ms, causing ‘creaming’ or
'layering’, have still to be overcome.
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Table 1. Changes in phytic acid and trypsin inhibitor un its (T1U) because of soaking and germi  nation.

Phytic acid unit TIU

Soaking time (mg 100 g™ (mg™)

Oh 1095 29.7

8h 881.2 21.9
12 h - 19.4
24 h 806.2 16.9
Days after germination

Day 1 806.2

Day 2 731.5

Day 4 637.5

Day 5 562.5 16.2
Table 2. Amino-acid composition of Bambara groundnut dry, soaked, and germinated, g.(16 g N) *.

Treatment

Amino acid Dry Soaked Germinated
Lysine 6.0 15.1 9.7
Histidine 3.5 7.6 5.5
Arginine 6.7 13.3 8.6
Aspartic acid 14.3 19.5 14.3
Threonine 4.5 5.2 4.2
Serine 5.6 6.0 4.7
Glutamic acid 21.9 29.5 23.4
Proline 5.8 6.3 6.1
Glycine 4.7 6.7 5.2
Alanine 5.3 8.6 6.6
Valine 4.8 10.2 8.2
Methionine 17 11 0.8
Isoleucine 5.2 8.6 5.8
Leucine 8.9 14.4 10.9
Tyrosine 2.4 12 0.9
Phenylalanine 6.6 10.5 8.7

Canning

A canned pigeonpea product was attempted by Sammy (197 )prbblems of color

changes and color migration into the canning medium werewiered. The processing
of green pigeonpea, however, has not been reported anceiy liék cause fewer problems
of color stability and migration since seed coat is lighteridg earlier stages of growth.
Similar attempts at processing green Bambara groundrutinre solution gave a highly
acceptable canned product. Some of the more importatitguaguirements in relation to
canning are summarized as follows:

« Integrity and reduced tendency to split, break, or digjiretee on autoclaving
e Texture retention
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Groundnut kernels

h 4
Blanch and hydrat

Drain

v

Weigh water

l

Grind

v

Filter

v

Formulate

'

Heat and homogeniz

I

High-temperature heatin

'

Cool

|

Bottle and store

9%

g

Partially defatted or full fat groundnuts.

Blanch in boiling tap water containing
1.0% sodium bicarbonate for 20 min

(1:5 kernels: solution).

Drain and rinse with tap water.

Calculate amount of tap water (to be
added for wet grinding) taking into account
the water absorbed during blanching

(1:6 kernels: water).

Threepasses imolloid mill.

Muslin cloth.

Supplementation of 6% refined sucrose by
mass of milk.

Heat to 71°C, two passes through No-
Bac Unitherm IV Model 467 (Cherry Burrel
Corp, Cedar Rapids, lowa, 2000 or 3000 psi)

110° or 121°C.

Abruptcoolingto4.4°C.

Store at 1°C.

Figure 2. Flowchart for preparation of groundnut beverages

Source: Rubico et al. 1987.
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* Reduced release of starch from starch-protein matrizotfledons to canning medium

* Color stability, i.e., minimum color change (fading, moing) and minimum color
migration to canning medium

» Starch hydration and gelatinization properties

Gluten-free (GF) Pasta Products

Pasta and noodle products are popular foods in southedaat A mung-bean noodle and
vermicelli product is produced commercially in Thailamdwheat-containing pasta prod-
ucts, the gluten surrounds the starch granules and itoelasticity restricts starch swell-
ing, confers cohesion, and prevents leaching during capkin GF-pasta products, the
starch must provide the network. For this purpose higlylase genotypes are preferred
where the high-amylose starch functions in a manner simibé the gluten, providing

cohesiveness and integrity, and preventing leaching ducoboking. Mestres et al. (1988)
working on mung-bean noodles observed that the gluten arétus replaced in the GF

product by a ramified three-dimensional network of shegnsents linked to one another
by junction zones. The structure and strength of thesetjan zones is attributable to
amylose crystallites, of melting point exceeding 100°Ce Bitarch gelatinization charac-
teristics of high-amylose genotypes need to be evaluaiegdsta-type products.
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Grain Legume Protein: Chemistry and Utilization

S.0. Yanagt and Kyoko Said

Abstract. Legumes can be roughly classified as rich sources of protein
carbohydrates or oils. Groundnut is a rich source of oil, while pigeonpea, an
chickpea are rich in carbohydrates and proteins, an important property ¢
nitrogen-fixing legumes. Legume proteins are very diverse. Purified seed pr
teins from legumes were once grouped into legumin and vicilin types, but me
legume storage proteins cannot be included in these two categories by ult
centrifugal and electrophoretical studies.

Recent biotechnological research on legume proteins and DNAs using |
striction enzymes and sequencing techniques have revealed details of s
ilarities and differences between legume proteins. However, under practic
conditions proteins are not used in a purified form, but along with othe
substances. Fundamental and analytical studies have produced a partial exp
nation for the interactions of legume components and their role in legun
utilization.

Meanwhile, extending traditional and new utilization methods of some ¢
gumes to others seems to be a feasible proposition. There are many legt
products, especially of soybean in Japan, which utilize their protein-rich prog
erties. Examples of such products, and expanding applications of the proce
ing mechanisms to other legumes, are described.

Edible Legumes

Approximately 100 species of legumes are considered tedigle from among the over
13,000 legume species found in the world. For 39 speciediblfezlegumes, information is
available on area and method of cultivation, chemical cesipon, and utilization.

Groundnut is far superior to the other legumes in seedaitent (over 45%). Pigeonpea
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ICRISAT (International Crops Research Institute foetBemi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 &0, ICRISAT Center, India. Patancheru, A.R 502
324, India: ICRISAT.
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and chickpea are high in carbohydrate but low in oil eahtThe protein content of these
three legumes range between 20% and 26%. The importa#iegume proteins cannot be
over-emphasized in human foods and in animal feeds.

The production and yield data of the main legumes over ése 20 years show a
remarkable increase in soybean production, which doubidhde 1970s, and continued tc
increase gradually in the 1980s. The considerable iserebgroundnut production during
the same period is noteworthy. Other important pulses sti@amall but clear increases in
the 1980s, after recovering from a decline in productiothie 1970s.

Properties of Legume Seed Proteins

The physicochemical properties of legume-seed protemes sammarized in Table 1.
Storage proteins of legume seeds have been grouped intomieg(1120 S%.) and
vicilin types (69S°,0,w) (Derbyshire et al. 1976), although recent studies redethiat this
grouping is not suitable for all legume seed proteins. Rieplosedimentation coefficients
(S) and molecular weights (MW) of legume-seed protein &hde compared carefully,
because often the expression is not,$° Further, the sample varieties, degree of purifici
tion, and conditions of measurement are very importanbfadhat affect data. However,
when there is a clear difference in protein molecules thay reflect on the quality of the
legume food products. For instance, winged bean seedih@nd protein contents similar
to those of soybean seed. It would, therefore be processedtdfu or misojust like
soybean. However, the products from winged bean areimitas to those from soybean
(Shurtleff 1978, Ohmachi et al. 1983, Saio et al. 1984 pugh this difference may not be
the result of the protein configurations, it may be dughw protein characteristics, since
the products are protein-rich.

The subunits of legumins and vicilins differ among specesd sometimes among
varieties of the same species (Table 1). It is considefi@dnstance, that the existence of
amounts of one subunit (denoted asok As), of glycinin, which is genetically controlled
in some varieties of soybeans, is reflected in the hardotssfu. The details of legume-
protein subunits have been studied recently (Murasawh 4988; Nakamura et al. 1985).

Optical schlieren patterns of legume seed proteins sedated by ultracentrifugation
are shown in Figure 1. Major similarities within the sarpecses, and minor differences
among the varieties of soybean, winged bean, and harieot ban be seen (Yanagi 1979
Yanagi et al. 1983, 1984). Winged bean and haricot bedonbeto similar families.
However, the major proteins of these three legumes raéffetrently to changes in the pH
or ionic strength of buffers (Yanagi 1983, 1984). This obaton indicates that the behav-
ior of each legume protein during food processing may ifferént.

Analyses

Data obtained on protein biosynthesis of soybean and edrzean during seed maturatior
showed that smaller-molecule proteins are synthesizethduhe early stages of maturity,
and larger-molecule proteins are synthesized at latgest@yanagi 1984). This observation
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Table 1. Properties of legume seed proteins.

Sedimentation Molecuar
coefficient' weight Subunit? Other
S om (x 107 MW(x 10-3) report
Groundnut
Legumin type 13.2714.7 330~396
Vicilin type 7.8°8.7 142~190
Soybean
Legumin type 12.0~14.0 309~380 ALA,A,:37 amino acid
(Glycinin) A, 145 N-terminal
A, composition
B, B, B;22 sequence
Vicilin type 6.7~8.0 105~330 o,0,:55~62 amino acid
B:42~48 N-terminal
v:42~48 composition
Lupin
Legumin type 11.6~12.6 336~393 15.5, 21,29
Vicilin type 7.8~8.3 181~204 34.5,42.5
48.5, 58, 66
Haricot bean
Legumin type 11.6~19.2 340 a:48.5~51 protease
(acidic pH) digested
Vicilin type 6.8~7.3 125~151 B:47~48 fragments
Y.45~46 amino acid
sequence
Pea
Legumin type 12.1~13.1 330~398 a;40 B:20 amino acid
Vicilin type 7.1~8.1 140~151 50(33+16) N-terminal
33(19+14) sequence
19, 14, 135
16(13.5+sugar)
Broad bean
Legumin type 11.4~13.7 320~410 A;:51, A;:49
A,:36, B,:23
B,:20.5, B,:19
Vicilin type 7.1 150
Cowpea
Legumin type 12.2 320
Vicilin type 7.3
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Table 1. Continued

Other
report

Subunit?
MW  (x 109

Sedimentation Molecuar
coefficient® weight
S°20m (x 10%
Winged bean
Legumin type none
Vicilin type 6.5~7.1

(Revised and translated from Yanagi 1986. 'Edible legseeels and their proteins I1. (in Jap.)’, New Food Ingug8:65-75].

1. Sy is the sedimentation coefficient at the idealized ¢oon of protein concentration 0% in a solution of ionic centration

0 at 20C.
2. The subunit names were used according to each orig

iopdcpr
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Figure 1. Optical schlieren patterns of legume seed protem
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Table 2. Common soybean foods in Japan.

Fermented

Miso Paste, made from steamed soybean, salt, and koji (rice or barley or soybean grain
processed and incubated with Aspergillus oryzae and Zygosaccharomyces rouxii), and
fermented with Candida sp., Pediococcus sp. and other microorganisms. Used widely for
soup, seasoning, and pickles.

Shoyu Soybean sauce, made by compressing moromi (steamed soybean, parched wheat grain, and
salt, and fermented mostly with Aspergillus oryzae or A. sojae, and Zygosaccharomyces
rouxii, Candida sp, and Pediococcus sp. An indispensable flavor base used for many
Japanese dishes.

Natto Fermented whole or split soybean grain, boiled, and inoculated with Bacillus natto. Gener-
ally mixed with boiled rice and eaten with shoyu.

Non-fermented

Tofu Soybean curd. Soaked and ground soybean steamed, filtered through a cloth, and the
extracted soybean milk coagulated with CaSO, (and/or deltaglucono lactone, CacCl,).
Various food products, fresh, baked, fried, or frozen are traditionally made with it.

Soybean milk Soaked soybean ground, boiled, and filtered through a cloth. Recently used for health
drinks. Soybean milk is sweetened and flavored before it is packed and sold.

Yuba Soybean milk slowly heated in a flat dish/pan, and the solidifying surface film iyuba)
repeatedly skimmed. Fresh and dried yuba is used to make snacks, soups, and other
dishes.

Kinako Parched soybean coarse ground, dehusked, and finely ground. Used mainly for flavoring

cakes or snacks, with sugar and other flour.

Other products : Soybean sprouts, Whole soybean flour, Defatted soybean flour, Cracked soybean, and
Soybean oil

has been confirmed by electrophoretic and immunologstadies (Yanagi et al. 1978). In a
buffer, the ratio of glycinin (soybean legumin, "11 S")donglycinin (soybean vicilin "7
S") extracted is higher than it is in water (Yanagi et 2985). Protein extractability (or
proportion of protein) and protein molecular size changesording to the conditions
(temperature and humidity) of storage. This observatiould be one of the reasons that
contributes to the different reactions of stored beanfoar during food processing.

The main soybean foods consumed in Japan are the traditilishestofu, yuba,and
soybean milk (Table 2). Defatted flour, a by-producbdfextraction is a new protein food
increasingly used in various snack foods. Other prtxlace prepared mostly from whole
beans, but soybean is primarily added to improve their praientent.

Future Research

Various studies have been conducted on winged bean smpalhication of the review of
the U.S. National Academy of Science (1975). New reseiar¢bgumes is expected to
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provide additional knowledge that will give an impetus te tutilization of legumes.
Research areas identified include biotechnologicaldisg) amino acid sequence, deter-
mination of functional properties, mechanism of biossils, and gene recombination for
breeding improved genotypes. Cell and tissue culture motbplast fusion also offer hope
for incorporation of desired characters in legumes.
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Processing and Utilization of Soybean and
Diversification of End-uses through Extrusion
Processing

W.B. Wijeratne and A.l Nelsor

Abstract. Conventional soybean processing technology is based on solve
extraction, which is a large-scale process involving heavy capital investme
and large volumes of raw material. The direct use of soybean in food produr
is a logical approach to fully harness its protein and energy value. Lov
moisture, high shear, dry extrusion systems are relatively low in cost ar
capable of continuously processing soybean and soybean/cereal blends. T
generate heat by friction, and are capable of cooking, partial sterilization
expansion, partial dehydration, enzyme inactivation, and to some extent, shi
ing the product. Dry extrusion of cereal/legume blends in appropriate propor
tions vyields convenience foods of high nutrient density. Products, such
blended foods for nutritional intervention, expanded snack foods, breakfe
foods, and ready mixes can be manufactured by dry extrusion.

Recent research has demonstrated that dry extrusion can be used as a |
treatment for soybean before oil extraction using conventional expellers. TF
process yields natural oil and high quality low-fat meal that can be easil
milled into flour. The concept offers potential to serve as a technology base i
medium-scale processing of soybean on a decentralized basis. The techn
aspects of dry extrusion, functionality of the potential products, and the
applications in food systems are discussed.

The composition of a cereal/legume blend plays a vital role in the nutri
tional and functional characteristics of final products produced by extrusior
Development of specific products must be approached on a country-spec
basis, with due regard to local food habits and preferences. Chickpea, [
geonpea, and groundnut are rich sources of protein. However, they differ in tl
distribution of fat and carbohydrate contents. The potential for producing low
fat flour from groundnut, and its combination with the other legumes to pro
duce locally acceptable extruded products may be an interesting area of r
search. The use of soybean in combination with ICRISAT mandate legun
will extend the available supply of the latter.

1. Senior Food Scientist and Professor Emeritus (Food 8e)eninternational Soybean Program, College of
Agriculture, University of Illinois at Urbana-Champaigril3 Mumford Hall, 1301 West Gregory Drive,
Urbana,IL 61801, USA.

ICRISAT (International Crops Research Institute for thenB8-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 089, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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Introduction

Soybean is the world's leading grain legume crop. It costapproximately 20% oil and

40% protein. Conventionally, it has been exploitednparily as a source of edible oil for
human food, and of protein-rich meal for livestock. Ttaghal soybean foods have been
consumed in Oriental countries for centuries, but thioaets for only a small fraction of

the world soybean crop. Many developing countries hawegeized the potential of

soybean as a source for supplementing the traditiona¢atestaples with much-needed
protein and calories. National-level programs are irc@lem many developing countries to
expand the production potential of soybean. India hasadirattained a production level of
1 million tyear.

Nutritional Considerations

Soybeanis rich in both protein and oil; but contains étit no starch. Soy proteinisrich in
lysine, which is deficient in cereals, but is somewhdtaient in the sulfur-bearing amino
acids, that are contained in adequate quantities irater When soy protein and cereal
protein are combined in appropriate proportions, theritiohal value of the product
approaches that of casein. This nutritional complimeiyais found to be optimum when
cereals and soybean are blended so that 50% of thegatdin in the blend is contributed
by each of the ingredients (Bressani and Elias 1974)nddeof 70 parts by weight of
cereal and 30 parts by weight of soybean on dry-mattes Isadisfy this requirement. The
direct use of soybean in food products results in theiporation of oil which increases
caloric density. Natural soybean oil is highly unsatad and contains approximately 7%
of omega-3 (alfa-linolenic) fatty acid. Recent resdarfXinsella 1988) indicates that
omega-3 polyunsaturated fatty acids in the diet maybkneficial for the cardiovascular
health of humans.

Appropriate heat treatment during processing greatlgrowes the nutritional value of
soy protein. This is attributed to the destruction afunal anti-tryptic factors and also to
the thermal denaturation of proteins (Rackis 1972).tHesatment also inactivates undesir-
able enzyme systems, such as the lipoxygenases whichuggodff-flavor. The process
must also ensure adequate tenderization of the bearefisshich is tougher than those of
other food legumes.

Strategies for Food Use of Soybean

In recent times, traditional oriental soy foods have emppd on the grocery shelves in
western countries. Products such as soymttfy, and tempehfind a market conditioned

primarily by health considerations. This market may gr@movided inputs are available
for advertising, product improvement, and adaptationuit the new market environments.
The technical feasibility of converting soybean intour and using it to fortify cereal

flours has been established for a long time. However, apigroach has not found wide
application in developing countries where it is moseded. Logistical and pricing prob-
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lems have been constraints to the wide use of this con@ée technology developed for
processed foods, such as meat substitutes and meatlesgeis available. Unfortunately,
these products are marketed at about the same price aprodacts, and the high cost of
production keeps them out of reach of the most needy segneénthany populations.
Therefore, it is evident that alternative approachesdgbean processing are needed ir
order to benefit the majority that need better nutrition.

The International Soybean Program (INTSOY) and the Depantraf Food Science of
the University of lllinois have carried out considembésearch and development work on
the processing of whole soybeans into food products. Tdindiasic and applied research,
and through international programs, INTSOY has devalapéhree-pronged approach for
soybean utilization. INTSOY advocates that a successétional program for soybean
utilization must concentrate on the development of tetdmoand products appropriate at
the home, village, and commercial levels.

Extrusion Processing

Extrusion has become a widely used processing techniquadananufacture of a variety
of food products. A variety of extruders have been develp@and they vary in their
capabilities and cost. In the simplest form, an extrudasists of a flighted Archimedean
screw rotating within a tightly fitting barrel, a device fed raw material, and a die
through which the final product is discharged. The scaaw barrel are designed so that
the raw material will be carried forward with progressivenpression. Part of the me-
chanical power input for driving the screw is convertetbiheat by friction. The product
finally emergeghrough a die. The extrudeill continuously cook the input material by a
high-temperature, short-time treatment. Extruders varthe design of screw, barrel, and
die, and the flexibility of temperature control during pessing.

Dry extruders are single-screw, high-shear, autogenowsuders that generate heat
purely by friction. The term dry extruder is used becahgeequipment can extrude raw
material at a low moisture content so that the final poddheeds little or no further drying.
The INSTAPRO Model-600 (Insta Pro International, lowa, Y$fa typical example of a
dry extruder. It has a segmented barrel and screw. Thev sggments slip over a central-
keyed shaft with ring-like flow restrictors called stebroks placed between the individual
screw segments. Different screw configurations ardesetd by the order of assembly of
screw segments and steam locks. Barrel segments slipperdtiier assembled screw are
clamped together to form a continuous barrel. The dadteched to the end plate, which is
clamped to the barrel to complete the assembly. The eatrisdpowered by a 50 horse
power motor which turns the screw at 550 revolutions Th{rpm). The screw and barrel
components of the extruder can be run for more than 500@ftreb they need to be
replaced. A variable-speed feeder enables feeding okxteuder at a desired constant
rate. Provision is made for injecting either water or steato the feed section of the barrel
during processing.
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Capabilities of the Dry Extruder

Dry extrusion systems are capable of continuously cookéggrmes or mixtures of cereals
and legumes in a high-temperature, short-time cycle. Rasil times of 30-120 sec ant
temperatures of 140-160°C can be achieved. The operatingb¥es of the extruder and
the composition of the raw material can be varied in orndeobtain desired product
characteristics. These extruders are relatively simplegerate and maintain. However
some skills have to be acquired for trouble-free operati®ince food raw materials are
complex multi-component systems, a given blend of rawemal has to be matched with &
compatible extruder-screw configuration, appropriateisture content, product flow-rate,
and temperature profile in order to obtain consistent pcodjuality.

Dry extrusion is a continuous operation, and relativehgéarates of throughput can be
obtained for a relatively small capital investment. Thyiipment is compact and floor-
space requirement is minimal. This technique is usefuthie decentralized processing o
products which have a mass appeal. Dry extrusion incorgeridite convenience of ready
to-serve products, and the consequent saving of the houwsgwtime for more gainful
employment. The nutritional value of the products and othueality characteristics can be
easily controlled in this operation. In the processingoybgan and cereal blends, the dr
extrusion process achieves the following specific fior.

Cooking. The high-temperature short-time cooking cycle gelataithe starch and de-
velops desirable flavors with improvement in nutrienality.

Sterilization. The heat treatment reduces the natural microflorthénraw material.

Expansion. During the flow of starchy material through the extruydi is subject to
heat, shear, and pressure. The material develops inteughy mass at the die and
suddenly emerges into the atmosphere. The sudden drop seupeeexpands the produc!
and improves its texture. The moisture content has a prafanfluence on product expan-
sion. Low moisture content results in a dense productmassture content increases
expansion improves up to a point where moisture contempismum. Excess moisture and
temperature results in degradation of starch and consedosn of expansion.

Dehydration. As the product emerges from the die, there is also flasbingoisture
vapor. A considerable degree of drying is achieved simeltasly with extrusion, which
improves product stability.

Enzyme inactivation. Trypsin inhibitors and other undesirable heat-labietérs are
inactivated during the extrusion process. The degree pfram inactivation depends on
the time-temperature relationships associated with toegss.

Forming and shaping. Within limits, the use of certain accessories with théreder

will enable extrusion of the end productssihapeghat improve their consumer appeal.
The dry extrusion system is versatile, and lends itselfh® frocessing of suitable

combinations of raw materials to extrude a variety of pid. These systems are being
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used for the production of weaning foods from cereals andnieg in several developing
countries (Wilson and Tribelhorn 1979). Expanded snagle-fgroducts can be produced
from combinations of legumes and cereals. Whole soybeanbeadirectly extruded to

produce full-fat flour for human consumption, or full-eggrsoybean for livestock. A flow

diagram for the dry-extrusion system is given in Figure 1.

Dry Extrusion as an Aid to Oil Expelling

Recent research at the University of lllinois (Nelson etl®87) has demonstrated that dry
extrusion facilitates the extraction of oil from soybeap tontinuous expellers. The
process yields fully processed low-fat soy flour and ndtsogbean oil. The reduced oil
content in the extracted cake makes it possible to nhiHto flour by conventional milling
systems. By virtue of partial drying during extrusion andhogal of oil, the protein
content of the flour is increased to about 49%. This flow g@od flavor and functional
properties when used in food systems (INTSQOY 1988). Thextracted by the process is
light in color and clear. It has good shelf-life and can brectily used for edible purpose in
situations where unrefined oils are traditionally acedpby the consumer. The oil has a
tendency to foam during deep-frying applications and ihigvercome by degumming. A
flow diagram for the combined extrusion and expelling pssds given in Figure 2.

The process of extrusion and expelling has the potentiakteldp into a technology
base for small-scale processing of soybean in developingtdes where conventional
solvent extraction may not be a viable proposition. phazess yields two products, low-
fat flour and oil which can both be used in food applicatioftsere has been considerable
interest from developing countries in this technique, dmal grocess is currently being
scaled up for commercial application. Extension of teshhique to processing of other oil
seeds to produce edible oil and food-grade meal is ameisiieg area of research.

Extrusion as a Means to Diversify End uses of Mandate Legues

Food legumes are utilized mainly as primary raw materialsérpreparation of traditional
products at the domestic level. They reach the consumér litife or no preprocessing.
The conversion otheselegumesinto processed products on a commercial seale lead
to increased utilization and improve the image of legemehich are often considered
subsistence foods. Thaucces®f such an approachill depend on the acceptability of the
products. Therefore, research and product developmerst me tuned to local taste
preferences.

The proximate composition of the ICRISAT mandate leguieued soybean (Table 1)
offers interesting possibilities for the formulation afvariety of blends for extrusion
processing. The major functional components affectingruesion behavior, such as
protein, carbohydrates (starch), and fat occur over a walge among the different
legumes. All four legumes are high in protein, but vary inclantent. Groundnut and
soybean have high fat contents, while chickpea and pgg@rhave low fat contents.
Pigeonpea and chickpea contain starch, while groundndtsmybean have little or no
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Table 1. Composition of selected legumes (%).

Legume Moisture Protein Fat Fiber Ash Carbohydrates
Pigeonpea 10.1 19.2 15 8.1 3.8 57.3
Chickpea 9.8 17.1 5.3 3.9 2.7 61.2
Groundnut 5.6 27.0 475 2.4 2.3 15.2
Soybean 8.0 36.7 20.3 24 4.6 28.0

starch. These legumes could be combined with cerealsriousaproportions in order to
obtain blends of desired nutrient density. The variatroaomposition also offers potential
for investigation into developing functional characttds in extrusion that affect product
acceptability. Interactive effects of flavor profilexpansion behavior, and product density
are some important attributes that need to be investgate

The main cereals currently used in dry-extruded suppleamgntood products are
wheat, maize, and to a limited extent, rice. Little is knoafithe performance of minor
cereals, such as sorghum and millets, in the manufactufeodf products by dry extru-
sion. The incorporation of these cereals, along with th® I®AT mandate legumes in
research and product development through extrusion, igaificantly increase their utili-
zation by the food processing industry. Broad product afegismerit consideration are:

* Pre-cooked legume flours.

» Cereal/legume blends fortified with vitamins and misras supplementary foods.

» Processed ready-mixes from cereals and legumes as tmasgruels, soups, and gravies.

» Expanded high-protein snack-type products.

* Low-fat flour from soybean and groundnut for fortificaui of cereal flours.

e Enriched flour blends from low-fat legume flour and minzereal flours for use in
traditional food preparations.
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Development of Cowpea Products for Utilization in
the Villages of Northeastern Thailand

Tipvanna Ngarmsak'

Abstract. Research on the utilization of cowpea in northeastern Thailan
revealed that cowpea is not regarded as a domestic, household crop, exc
when grown and eaten as a green vegetable. Village households were tau
how to cook cowpea dishes. They were also encouraged to grow and proc
cowpea for household consumption. A nutritionally balanced diet was di
signed using cowpea dishes, which were introduced into the diet of villagers
northeastern  Thailand.

A study of current food habits was undertaken; cowpea dishes and a 7-¢
menu incorporating cowpea dishes were developed and introduced into t
villages. Later, a mini dehuller and a pin-mill for village processing of cowpe:
flour and a new method of cooking cowpea flour in households were intr
duced, and food vendors were encouraged to make snack foods from cow
flour. These measures were expected to encourage villagers to grow cowpea
processing in villages.

A third stage was laboratory research on the industrial utilization of cow-
pea. The functional properties of cowpea flour, cowpea starch, and cowpt
protein were studied. Some potentially commercial products were developed
a laboratory scale, tested, andfound highly acceptable.

Introduction

The northeast region of Thailand is the largest and pboeggon of the country. Eighty-
five percent of the people live in villages and depend oncagiure for their livelihood.
Most village households have an adequate supply of "bfdkd, in the form of glutinous
rice. They have a limited supply of the foods required fowgritionally balanced diet,
namely meat or fish, fruit, and vegetables. Protein energynutirition is widespread
among the populace, and legumes could provide a goodesaircheap, high-quality
protein. Prior to the 1980s, soybeans could not grow wethe northeast. Mung bean and
groundnut are grown as cash crops. Red cowpea variety 6-labl®den introduced for
intercropping by the Cropping System Project at Khon Kbeiversity. This cultivar

1. Dean, Faculty of Technology, Khon Kaen University, Khoael 40002, Thailand.

ICRISAT (International Crops Research Institute for them$erid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 480, ICRISAT Center, India. Patancheru, A.R 502
324, India: ICRISAT.
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gives a higher yield, has a shorter production period tia&nlocal variety, and its seeds
have attractive red color. Cowpea tolerates heat andivels dry conditions, growing with
little rainfall. The protein content of red cowpea 6-8 langes from 23-25%.

There was reluctance on the part of the farmers to growoagbeas in this region until
they were assured of a market. Therefore, it was impottaphcourage housewives, food
vendors, and food shops in the rural northeast to use easvp

Research on the utilization of cowpea in northeastdrailand was therefore designed
in three stages:

1. Cowpea as a protein food;

2. The use of cowpea flour, and

3. The use of cowpea by the food processing industry.

Cowpea as a Protein Food
Product concept

Because the villagers had several nutritional deficiesicie was not sufficient just to
introduce a single food. It was necessary to introducenaptete diet, incorporating foods
already grown or available, supplemented with cowpeabfdance. The food presently
eaten was developed to a nutritionally balanced diet, #ms diet was introduced into
villages in Khon Kaen Province.

Food Consumption Pattern

A survey was conducted in 10 villages involving 100 hows$aé$ in Khon Kaen Province.
The diet of the villagers in northeastern Thailand wasimhy cereals and vegetables.
Steamed glutinous rice was the main staple food. Fish tivasmain animal food con-
sumed, but it was not eaten daily. High fat foods were lesgulently eaten, and fat was
rarely used in cooking. Green vegetables were the most aothneaten vegetables. Fruits
were eaten infrequently (Ngarmsak and Earle 1982). Vartgpas of legumes were grown
and eaten although not in large quantities. They werel @sedried seeds and as gree
vegetables, and cooked in many dishes.

Balanced Diets

Development of cowpea dishes. Two techniques were used in the development of a
ceptable cowpea dishes. Following the research systad at Massey University (Earle
and Anderson 1985), cowpea dishes were developed. Thcegs was divided into differ-
ent stages; after each stage, there was an evaluatiorghwikian important part of the
design of a food product. Fifty dishes were formulated,afuwhich 25 were selected for
acceptability trials.

Linear programming runs were made for each of the 25 cavdighes (Ngarmsak and
Earle 1983a). The objective function was protein maxinian. The content of 26 nutri-
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ents, and the cost of each dish was also calculated. Theptadility of the improved
cowpea recipes was tested by a laboratory taste pahel panel found only one of the 25
dishes to be below acceptable level.

Development of a 7-day menu.A weekly menu was developed for a family of seve
persons. The daily menu gave the 26 required nutriemd,conformed to the food-eating
pattern of the villagers in northeastern Thailand.yAtematic food selection method was
used to develop a daily menu, and a weekly selectiomidydnenus (Ngarmsak and Earle
1983b). All the menus were accepted very well by the valag and were rated highly
(6.1-6.2 on a hedonic scale 1-7 where 1 is dislike very manol,7 is like very much) by
them.

Introduction of nutritionally balanced diet

There was a need to carefully select the methods for intrimdunew foods to the villages.
The methods were developed through brain-storming sessiad assigning methods for
the four stages in the adoption process. Models were matlee rocess of introducing
the new foods, and finally, the methods were evaluategés@&hmethods were selected an
tested for effectiveness in six villages (Ngarmsak aradld& 1983b). They were again
modified and tested in six other villages, and the finatimod was developed as shown ir
Figure 1.

Conclusion of stage one

This study was successful in planning a highly acceptdbtday menu, and encouraging
cowpea growing, cooking, and eating in 16 villages,dhaing 1118 villagers and 919
households. Growing red cowpea 6-1 US presented sonfiewiies, such as aphid and
other insect pest attack, and crop management difficultiesulting in poor yield and
inadequate supply of cowpea seeds. The villagers quildde interest in a legume if they
have difficulty in growing it. In general, the introduch effect lasted over one year in the
first six villages. Though the number of households gimgvand consuming cowpeas
decreased in the second year, the area under cowpea intr8dsze were some villagers
who still cooked cowpea dishes 4 years after its intradiaunc

The Use of Cowpea Flour
Village processing of cowpeas
Cowpea flour processing. Cowpea flour was prepared by dehulling 1.5-3 kg of pew

seed for 3 min in a PRL dehuller (1400 rpm), and grindihg dehulled cowpea in a
hammer mill, using 0.2 mm screen to obtain cowpea flour
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Grow red cowpeas in each village

!

Group discussion

'

Select 10 group discussion leaders and 2 school teachers

in each village

'

Train in the village

!

Train at Khon Kaen University

!

Food party in village

v

Video cooking demonstration

followed by
actual cooking

v

Competition for best cook

(frequency of cooking)

Figure 1. The final method adopted for the introduction ofa nutritionallybalanced
diet into the villages of Khon Kaen Province, Thailand.

The village mill. A PRL dehuller and a mill were placed in the villagdewve the
cowpea was grown and the villagers were encouraged td wdWpeas for their use.
Dehulled cowpeas are used in desserts. A portable millalssbrought to the villages for
demonstration purposes.
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New Cooking Methods Using Cowpea Flour

The primary objective was to induce increased use of eaffour in village households
by introducing a new cooking method. Four methods were detreted.

1. Cowpea flour batter was used to coat vegetables, suphiragpkin and string bean, anc
small fish, shellfish, frogs, and insects, before fryihgrh in oil.

2. Sweet fried cowpea balls were prepared by blendingpeavwlour with pumpkin and
sweet potato, and savory balls, by blending with fish, sbrighellfish, and pork. These
were fried in oil.

3. Cowpea flour was blended with tamarind pulp, fermentst,fand spices to form a
paste which is eaten with steamed glutinous rice or witletadges.

4. Cowpea flour was blended with fish, chili, garlic, afetmented fish to give a thin
sauce, which is served with vegetables.

The cowpea flour batter and the fried cowpea balls woubdei@ase the amount of oil
eaten. Coating or blending a shellfish with cowpea floutdvavould increase the protein
intake. Frying in oil would also increase fat intake.

Recipes were developed that incorporated the maximumuaimof cowpea flour. The
acceptability of products was judged by laboratory tastefsa The level of cowpea flour
used in the four cooking methods were: 34% in batter; 2 1%siavary ball mixture; 15%
in a sweet ball mixture; 13% in tamarind paste; and 9% irctivepea and fish sauce. The
final recipes were found to be highly acceptable in aag# inhabited by 30 villagers.

The new cooking methods were demonstrated using a vid¢leifive villages where
cowpea was introduced. The housewives were allowed to #yn#w cooking methods,
and cooking competitions were held 2 weeks after threatestration.

Snack Food from Cowpea Flour. Seven food products of cowpea flour were select
from among the most popular products, based on a survey vinwg@ 30 random consumers
in Khon Kaen Campus, and a taste panel evaluation in tharddory involving 10 panel-
ists. The products were then judged by four food vendor® @@oduct was dropped due t(
its high cost, and the difficulty in its preparation. The sixack products weretako
(steamed cowpea gel with coconut crearklong kang klob(boiled cowpea dough in
coconut milk); kanom kloke(charcoal-baked cowpea flour with sweet battddpy tod
(fried banana coated with cowpea flour battétdnom saregcowpea sponge cake); ant
kai nok kata(fried cowpea paste). The cowpea flour content of thesdymts ranged from
30% to 70%. The six snack foods were taught to 11 food verfdors the five villages
where cowpea was introduced. Then, they were given 2 kgof #ach, and asked to kee
records of the products made during a 1-month period, laeywere given an additional 2
kg of flour at the end of 1 month, during our visit, and thiswepeated once again. Eac
vendor made two or three of the six products being popzearduring the 2-month period.
They made more of the product during the 2nd month than idghmonth, and after that,
products were rarely made. Although there was no indicatifoany problem in making
the snack products, vendors were busy making their ownlaeguoducts, and had no
spare time for making new products from cowpea flour dugst nonavailability.
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Conclusion

The dehuller and the mill worked satisfactorily in the ages. The introduction of the four
new cooking methods using cowpea flour was successful.t Midlsgers still like to cook

cowpea flour whenever it is available. Suitable snacldpots have been developed for us
by food vendors, but they were not made on a continuous.bAst®ntinuous supply of

cowpea flour should be available for the vendors, and d&atkof introducing snack foods
needs to be developed.

Industrial Processing of Cowpeas
Cowpea Flour

The red cowpea flour was not acceptable to bakers due tqprdsence of small red-
colored flakes in the flour, and a slight beany flavor. Théoc of flour was improved by
remilling the flour using a finer sieve. However, the beflayor limited its use as a blend
in baked products (Ningsanond 1986). The addition of ceanour to wheat flour reduced
the stability and strength of the dough, and it was conduti@t not more than 10% of
cowpea flour could be added to wheat flour for making atddp bread. Cowpeas may
find use in larger quantities in health food bread, wheeeltlss of volume and change in
flavor may be less significant to consumers. Further reseaeeds to be carried out before
cowpea flour gains acceptance as an additive to enrichdbre

Whole-wheat cowpea-enriched bread was developed usingl wheat flour from the
northeast region (30%), red cowpea flour (15%), and whiteatvflour (55%). Thin slices
(3 mm thick) of this bread were buttered, sprinkled withngiated sugar, and toasted in
an oven at a temperature of 177°C for 20 minutes. This neduyztovas highly acceptable
(Charoenwatana and Ngarmsak 1987).

It was also found that cowpea flour is quite acceptabledokies, fried crustkrob
kem), puffed snackkao kreb)and cowpea dried mix for use as a batter.

Cowpea Starch and Cowpea Protein

Ningsanond (1986) separated red cowpea flour into stardipastein fractions by dry and
wet milling methods and investigated their potential use®od products. It was possible
to substitute wheat flour with 20% cowpea protein fractionsoft buns, and with up to
35% protein fraction for high protein cookies. Also, highofin puffed snacks from
cowpea flour can be produced by replacing tapioca starcth wi0% cowpea starch.
Cowpea protein could be used as an emulsion stabilizeatimrfd water systems, and in
meat emulsion systems. Finally, red cowpea starch canskd to produce transparent
noodles of the same quality as those made from mung bearhstar

Conclusion

There is a need to carry out further research on the utiinadf cowpeas by the food
processing industry. A study could be made on the progedf cowpea starch and tapioce
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starch mixtures to identify possible uses for cowpea htaand for mixtures of cowpea and
cassava starch.
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Processing and Utilization of Legumes with
Particular Reference to Mungbean in the
Philippines

R.R. del Rosarid

Abstract. A wide range of possibilities exist for utilizing legumes. The prot¢
ucts may be classified as consumer products which can be directly eaten, o
ingredients for food preparation.

In the Philippines mungbean locally called mungo is traditionally used fi
making sotanghonor bean noodles; it is also consumed as mungbean spro.
as a filler for pastries, or as the main vegetable ingredient in sautee'd mur
bean. The traditional process of mungbean noodle manufacture may be brc
down into simpler processes to produce mungbean starch and protein in
form. Mungbean protein has considerable prospects as a raw material for 1
manufacture of many protein products.

Whole mungbean is an ingredient for food production, as canned sprouts,
as raw material for flour preparation. The whole beans could also be pre¢
cessed into quick-cooking or ‘“instant" mungbeans, or manufactured as
snack food. New technologies, such as extrusion of mungbean alone, or
combination with other raw materials, could yield products of improved nutr
tional value, ranging from baby and snack foods to textured vegetable prote

Introduction

Legumes are important raw materials of nutritional impode in developing countries.
Many legumes have short cropping cycles ranging from 60 ta&®, which give them

considerable production potential. Their overall yieldymot be so high as some cereals
but their protein contents are about two to four times aighmaking them excellent
sources of proteins. The efficiency of conversion of plamanimal protein is rather low,
ranging from five to ten parts of protein in the feed to ondg pabody protein, but, large

quantities are used as livestock feed to produce the meairesl in many countries.
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College of Agriculture, College, Laguna 3720, The Phyplipes.
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Traditional uses of mungbean

There are four major uses of mungbean in the Philippines

* Production of noodles;

* Production of bean sprout;

« Filling material for mooncake and other baked products} an

« Boiled mungbean, used as an ingredient in snacks, arsgri®sor as a main dish with
vegetable, meat, or shrimps.

Mungbean Noodles

Most of traditional dishes made of mungbean are of Chirgsgin. The production of
mungbean noodles (Sin and del Rosario 1974) is shown in €idurlt involves the
production of starch from soaked mungbean (Frias and debRo@ 1987). This starch is
then formulated into a slurry and extruded to form threadsicWw are cooked in water.
Before drying, the wet noodle strands are placed in cobtdage to strengthen them.
Production is carried out during winter months to takeaatage of the cold weather.

Mungbean Sprouts

Sprouted mungbean can be used as a vegetable duringrwimben field sowing is not

feasible (Estioko and del Rosario 1986). The process edypeing sprouts involves soak-
ing the seeds overnight in water. After soaking, the witedrained off and the swollen
seeds are placed injars or bamboo baskets, lined with baeaves. The seeds are kept ir
the dark and watered every 4 h. The process is continue® foays, after which the

seedlings are harvested and dehulled by placing the spromtplastic tray and then
soaking it in a basin of water to allow the seed coat to féoat be removed.

Mooncake Filling

Mooncake or hopia and buchi are very popular in the PhilippirMungbean is soaked in
water overnight; sugar is added to it and the mixtureoiesked until it is almost dry. The
sweetened mungbean is placed inside a dough prepared freat whrice flour, and then
baked.

Other uses
Boiled mungbean is used in many dishes; either prepared othér vegetables or meat

garnishing. This is a popular dish eaten on Fridays and gutient. At other times,
mungbean is cooked with coconut milk, and sugar, and eaendessert.
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Mung bean
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Decantafion
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v

Washing

'
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Sun drying

v

Packaging

Water

Water

Water

Figure 1. Manufacture of mung bean noodles.
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Case study I. Recovering Protein after Mungbean Noodle
Manufacture

The traditional process used in the manufacture of rbeag noodles results in the
recovery of starch, which is used in noodle preparatibhe protein fraction, which is the
nutritionally more important component of mungbean, iscdided. The wash water is
channeled to the piggery, and consumed as animal feed.

The use of a dry processing method (Olea and del Rosari@) 1g8&uld improve the
process. Among the advantages envisioned are: pollutoorirol; recovery of the protein
fraction for further utilization; and reduction in veatconsumption.

Materials and Methods

Green mungbean samples were obtained from the locakehailhe beans were cleanei
and dehulled using the Cecoco bean splitting and dehgskiachine and then passe
through a pin mill. The resulting flour was air-classifieding an Alpine Laboratory
Zigzag Classifier A 100 MZR. The separation was set afedéit cut-size points to
determine the segregation of flour components. Whenstmple is air-classified at a giver
cut-size point, particulate fractions greater than thiestze point go to the coarse materia
receiver, while the rest are deposited as a fine fractehulled mungbean was pin-millec
at around 5-micron cut-size point.

Classification was followed by protein analysis. The stoire content of the different
fractions was determined by drying in an air-oven at°Qfor 1 h. Microscopic examina-
tion was done to determine relative sizes of protein bodmgk sdarch granules. The starcl
was differentiated from protein bodies by use of iodgtaining (MacMasters 1964).

Results and Discussion

Repeated pin-milling and air-classification resuliadfurther segregation of protein in the
fine fraction. When the technique of dry-processing wapligapl, a final coarse product
residue (S-I11) together with three fine-fractions (PPI-11, and P-111) were obtained. S-11I
contained 7.66% protein, with an average yield of 63-6B% mass of the flour. The
combined fine fractions (P-1 + P-I1 + P-111), containirtgt-57% of the protein constituted
the remaining 36-37%. The average yields and analyséseointermediate and final dry-
milled products are presented in Table 1.

When dehulled mungbean was pin-milled and then air diadsat around 5-micron
cut-size point, 23.90% went into the fine "protein" fract receiver, and 76.10% was
deposited as coarse product S-1. This means that onlyté&4% of the total protein of
the mungbean flour was in the fine "protein” fraction].PWhen the coarse product S-I
was processed by combined pin-milling and air-clasaifion with a cut-size point set at 5
a further protein starch separation was observed: % W@nt to the fine "protein" fraction
receiver, while 88.90% was deposited as coarse produldt €ombining the two fine
"protein" fractions gave a total yield of 32.35% "protéproduct by mass, accounted foi
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Table 1. Average yields and analysis of dry-milled mung bea  n products.

Protein (%) Yield by mass (%)

1. First air-classification

S-l 15.51 76.10

P-1 56.49 23.90
2. Second air-classification

S-1l 12.30 88.90

P-ll 56.33 11.10
3. Third air-classification

S-111 7.66 94.15

P-I11 54.59 5.85

by an additional 18-19% total protein shift to the ffinaction. When the coarse product of
the second separation was recycled, only 5.85% by mass lbfw&s collected as fine

protein fraction. The remaining coarse product S-Il1, tsigh starch concentrate contain-
ing only around 7.66% protein. This could possibly be ussdaw material for starch

noodle manufacture. The fine "protein” fractions P-d¢bintained 54.55% protein constitu-
ted around 8-9% additional total protein shift. Combinthg three fine "protein” fractions

produced a total yield of 36.31% by mass of mungbean flohis Tmneans that around
80-81% of total proteins in the flour were shifted into time fractions. The fine "protein”

fractions with 54-57% protein could be good material foodoprocessing, and used in
protein-rich product formulations as textured vegetabtetein.

The amino acid profiles of mungbean and the air-classifiiadtion showed that on the
one hand, lysine content of the P-fractions was highen that of the S-fraction. On the
other hand, the proportion of sulfur amino acids was highethe S-protein than in the
P-protein.

Case Study I | : Quick-cooking Mungbean

The preparation of boiled mungbean, either as a vegetdiBle or as dessert, requires ¢
cooking time of about 45 min to 1 h. This constitutes a biggndrain on the household
budget, not to mention the time devoted to cooking. The deweént of quick-cooking
mungbean preparations would help reduce expenditure enggnand would free the
housewife for more important activities. A review of fiterature showed the feasibility of
developing such a product from mungbean. Based on avVeilaformation, a general
process flow (del Rosario and Gloria 1987) was develop&dlwing soaking and a short
high-temperature treatment (Figure 2). The intention wasroduce a highly porous,
precooked product that would readily reconstitute.

Using the optimum hydration time for mungbean, the seed® weaked in 0.10, 0.25,
0.50, 0.75, 1.0, 15, and 2.0% solutions of sodium chriacCl), citric acid, sodium
bicarbonate (NaHC¢@), sodium carbonate (N&O3), and sodium polyphosphate
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Mung bean

'

Cleaning/Sorting

'

Soaking for 12 h
(2% sodium tripolyphosphate solution)

v

Draining

'

Air-drying (2 h)

'

Roasting for 1 1/2 min in
1:10 mung bean : sand ratio
Initial temperature: 248°C

'

Cooling

Figure 2. Manufacture of quick-cooking mung bean.

(NagP3014). The beans were removed from the solution at the endeoktaking period
(12 h), and then drip-dried. The moisture content of thelsseeas determined using the
Ohaus moisture balance.

The dried beans were roasted for 1-3 min in fine graaleds at 200-250°C Then, the
beans were cooled to room temperature and cooked usilghngowater. Estimated cook-
ing time was determined as the time when all members op#mel evaluating the beans
agreed that the product was cooked.

Table 2 shows the estimated cooking time of mungbeaarridno-Marston and De
Omana (1979) suggested that during soaking, insolubletinages were converted to
soluble pectin by removing magnesium (Mg) and potassik) from the beans. lon
exchange of sodium (Na) in the soaking water with Mg Knaccurred in the intercellular
cement. Sodium pectinates are more water-soluble than plrtinates and K - pectinates
and there is an increase in binding of Mg in thesRiD;, solution (Kertesz 1951).

Sensory evaluation of mungbean soaked at different cdratgons of different salt
solutions was carried out. Only general acceptabilityd dravor scores of mungbean,
soaked in 0.10-0.50% citric acid, were comparable wté guality of the control. This
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Table 2. Estimated cooking time (min) of quick-cooking mog bean.

Soaking solutions

Level

(%) Na,CO; NaHCO;, NasPs01¢ Citric acid NacCl
0.10 19.0 19.0 18.0 14.0 10.0
0.25 17.0 17.0 15.0 15.0 10.0
0.50 13.0 13.0 12.0 15.0 10.0
0.75 8.0 11.0 9.0 16.0 10.0
1.00 4.0 8.0 8.0 17.0 10.0
1.50 0.8 4.0 6.0 18.0 10.0
2.00 0.5 10 4.0 26.0 10.0

could be due to the hardening effect observed when murgheas soaked at highel
(0.75-2.0%) concentrations of citric acid. For mungbesaked in NaCO; solution,
hardening and darkening of the seed coat were observédb#@.0% levels. Also at these
levels, mungbean had a tangy taste and pungent odor. Howatv@.5% levels, no signifi-
cant difference was obtained in general acceptability4 Hlavor scores when comparec
with the control. For mungbean soaked insR#D;o, hardening of the seed coat occurre
at all concentrations of the soaking solution. Howevee, qluality of cooked mungbean
was still comparable with that of the control. With the Masolution, enhancement of the
flavor was noticed at 0.25% level. The beany flavor was cetety eliminated, although
the beans were evaluated as slightly hard for all conceots

Case Study | 11: Baby Food

A market survey in the Philippines revealed the absence lofv-cost baby food in the
market. Those available are expensive, and manufacfuoed imported raw materials.

Materials and Methods

We prepared a baby food using rice, mungbean, and othmrssery ingredients (del
Rosario et al. 1987) as shown in Figure 3.

The amino acid composition of the baby food formulationveda adequate quantities
of all the essential amino acids. The product stored at rieomperature had a shelf-life of
about 1 year. However, the baby food had to be kept dry, wiber agglomeration took
place, making it susceptible to microbial growth.

Biological assay of the baby food showed that it had highigin quality. Rats fed with
the baby food had a mass gain per gram of protein inteE®R{] of 2.21, while rats fed with
skim milk had a PER of 2.60. Biological value, net proteitilization, and digestibility
index of baby food fed to rats were comparable to those obthwith the control diet of
skim milk.
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Mung bean coconut milk
+

l skim milk
+

Dehulling sugar

+
water

Flour +
preparation » l - rice flour

Weighing

|

Mixing

!

Extrusion

!

Drying

!

Grinding

|

Packaging

Figure 3. Manufacture of instant baby food.

Case Study |1V : Sauce

Sauces are important ingredients in Filipino cookery, thest important of these are
soybean sauce and fish sauce. These sauces, especiadausayare used in a wide variet'
of dishes. A study in our institute (Divina, R.D. 1983yealed that mungbean could be use
as a substitute for soybean in preparing sauces. Mungbeatihdadvantage over soybean @
being available in most places in the country throughbatyear.

Materials and Methods

Preparation of inoculum. A mixed starter consisting Aspergillus sojae, Pediococcus
halophilus. Streptococcus faecalis, Saccharomyces rowdig Torulopsis versatiliswas used
as inoculum okoji. The starter was incubated for 3 days at room temperature.



After incubation, enough sterile distilled water was adt®dhe medium to dislodge the
spores. The suspension was centrifuged for 30 min at 3r@@0lutions per minute (rpm).
The resulting spores were dried by mixing with approximatedual quantities of lightly
roasted flour. The flour-coated spores were vacuum-dive®-4 h at 40°C. The dried starte
ready for inoculation was placed in sterile vials. The amiaf inoculum used were 0.1, 0.2
0.3, and 0.4% based on the mass of the boiled mungbean astddragheat flour (Figure 4).

Mung bean (500 g)

Soaking in HO

v

Boiling (for 8-10 min) until soft

Draining

v

Cooling to 40° C

v

Mixing with roasted wheat flour

v

Inoculation

v

Incubation for 3-4 days at 27.5 - 30° C

¢

Cooling after 20-40 h of inoculation

(by stirring)

'

Washing and aging

v

Harvesting and pasteurization

Figure 4. Preparation of mung bean sauce.
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A brine solution of 18% was prepared, and added to the moldeshrim the ratios of 1.1,
1:1.2, 1:1.5, and 1:2 (inoculated mungbean : wheat mixture)

Incubation. Covered trays of inoculated mixture were stacked oneeabite other, with
a gap of about 30 cm between trays, and incubated for 3-4 @Gagstrays were cooled for
20 to 40 h after inoculation to prevent accumulation of h@abling was done by thorough
stirring of the material. This fermented material is cal&tbyu-koji.

Mashing and aging. The inoculated mixture (maturghoyu-koji)was mixed with 18%
brine solution in a 3.78L glassjar to form the mash. Thieme of salt water added was at
the rate of 150-200% of maturghoyu-koji. The fermentation was covered tightly with
paper and plastic, and fermentated for 4 months at room r@mype.

Harvesting and pasteurization. The liquid portion was separated from the mash b
pressing. Fermented mash was placed in two layers ofelidesh tied at the ends to close
the opening, and then placed under a screw press until elliguid was forced out. The
filtrate was then centrifuged to remove solid particles.

Raw sauce was distributed to 1 L glass bottles and pasegufte 20 min in a boiling
water bath at an internal temperature of 80-90°C. To aigistfi@ation, alum was added at
0.354 g 3.78L[". Precipitates or suspended solids were allowed to sewdéenight, after
which the resulting sauce was decanted and filtered.

Results and Discussion. A comparison of the chemical composition of soybean ar
mungbean sauces showed their similarities with respecpéeific gravity, total sugar
content, and total extract obtained. Variations wereeobsd in pH and acidity. The
mungbean sauces though of lower pH than soybean saucesowad titratable acidity.
This could be due to the difference in nitrogen contentjclitprovides a higher buffer
effect for soybean sauce.

Sensory evaluation of the sauces obtained from two tiaseof mungbean showed
higher scores for aroma, flavor, and overall acceptgbdiver the soybean sauce (control),
though the differences were not statistically significan
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The Composition, Biological Activity and Utilization
of Faba Bean in Human Nutrition

L. A. Husseint

Abstract. Faba bean is grown in Egypt as a winter crop for human consum
tion. While 10% is consumed fresh, 90% is harvested dry during the month
June. The crude protein content of the local varieties varies from 27 to 29
and is deficient in sulfur-containing amino acids and isoleucine. Sucrose ¢
counts for 25% of the total sugars. The dietary fiber content is about 20% of !
whole faba bean seed, but this is significantly reduced by cooking.

The presence of proanthocyanidins (PA, tannins) in the seed coat of sc
faba bean varieties poses a serious nutritional problem. Triple White is
cultivar with almost no PA in the seed coat. Processing faba beans into pa
(bessara,),or cakes (falafel) involves removal of the seed coat. However, in th
preparation of stewed faba beans the seed coat is not removed. PA was ¢
pletely destroyed by putting faba beans in contact with ammonia vapor. T
glycosidic pyrimidines, vicine, and covicine, are antinutritional factors presel
in the cotyledons of faba beans. These factors can be completely eliminated
soaking beans in 1% acetic acid.

Environmental factors, particularly location and temperature, affect sucros
content and cooking time. Many physical and chemical attributes of the se
correlate significantly with cooking time.

When faba beans were fed to boys as a part of a mixed diet, Triple Wt
was considered the best in terms of protein, amino acids, mineral digestibili
and biological value. Administration of methionine capsules with the di
improved digestibility ofall essential amino acids. The protein quality decline
in ammonia-treated cooked faba beans. The group consuming faba bean v
high PA contents, excreted stools with higher levels of bile acid and trypsin a
amylase activities.

Consumption of different faba bean dishes by control and diabetic volu
teers showed reduced blood glucose content, indicating the value offaba be
in the dietary management of diabetes. Because of their unique characterist
modified and unmodified faba bean proteins could be wused in processed foc

1. Professor, Department of Nutrition, National Researent€r, EI-Tahrir Street, Giza, Egypt.

ICRISAT (International Crops Research Institute for themS$@Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 #89, ICRISAT Center, India. Patancheru, A.P. 502
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Introduction

In Egypt, faba bean is sown in October - November. Approxehal0% of the crop is
harvested between February and March as green pods, vanécbonsumed as a vegetabl
or snack. The remainder of the crop is harvested after dryimring the month of June.
According to statistical data of the Ministry of Agricuteu (Egypt 1985), the mean daily
per caput consumption of faba beans is 13.4 g, providing arage of 3.0 g of protein.

Chemical Composition
Proteins

Faba bean is a very good source of carbohydrates and psptelich together constitute
about 80% of the total dry-seed mass. Faba bean seed's prodiein content ranges
between 24% and 31% (Bond 1970). The storage proteinsiardrvand legumin, which
constitute a major portion of the seed protein. Faba beed centains two to three times
asmuchleguminasvicilin (Hill-Cottingham 1983).

The variation in the composition of vicilin and legumin argdhe cultivars can be used
to identify cultivars electrophoretically (Barratt 1980 he amino-acid pattern of Giza 3, &
local variety, showed that methionine and cystine are fthst limiting amino
acids,followed by lysine (Table 1) (Hussein, unpublishathjl

Carbohydrates

Table 2 presents the soluble carbohydrates in the seedcoblted and cooked, faba bear
variety Giza 3. Slight variations exist when the results expressed as g (100 gyry

matter. The percentage of ethanol soluble sugars wasrndigted in nine varieties grown at
two locations with four replications each. A mean figure gf%84 (range 5.4-7.9%) was

Table 1. Amino acid composition of cooked faba bean varigtGiza 3.

Faba bean Chemical score

Amino acid [0 (16 gN)!]

Lysine 5.25 96
Methionine + cystine 2.72 78
Phenylalanine + tyrosine 7.05 118
Leucine 6.85 98
Isoleucine 3.35 84
Valine 4.10 82
Threonine 3.27 82
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Table 2. Analysis of whole cooked and uncooked faba bean see  ds variety Giza 3.

Constituent Uncooked Cooked Uncooked*
........................ Yodrymass..................
Soluble carbohydrates? 54
soluble sugars 7.1 4.5
glucose 0.1
sucrose 15 16
raffinose 0.5
stachyose 5.4 0.8
verbascose 2.6
Crude fiber 10.6 8.0
Dietary fiber 20.5 8.2
Protein (N x 6.25) 27.3 27.0 325
Ash 6.3 35
Lipid 16 16

1. Source: G. Hill-Cottingham 1983.
2. Mean values based on dry matter 52.4% in green pods and.B% in faba bean sprouts.

obtained. The main ethanol-soluble sugars are sucrodeolgosaccharides, raffinose,
stachyose, and verbascose. The dietary fiber concemrrafifaba bean was 20.5%, and
crude fiber was 10.6%. The presence of amylase-resistarth in many leguminous seeds
could possibly be responsible for their high dietary fibentent (Faulks and Timms 1985).

Minerals

The mineral composition of Giza 3 and Triple White are showfiable 3. The concentra-
tion of minerals in faba bean sandwich and faba bean caldwsaln was determined. The
authors concluded that both the meals provide the recamied daily allowance of
essential minerals, except for calcium (Iskander and A$R87).

Table 3. Concentration of mineral elements in whole faba be an seed of two varieties.

Element Giza 3 Triple white
.................... mg (100 g)*t
Calcium 103 202
Phosphorus 395 450
Magnesium 140 155
Iron 4.4 4.7
Zinc 3.1 5.3
Copper 15 14
Manganese 14 15
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Antinutritional Factors

Phytate

Phytate binds to minerals and limits their availabilityiyksto et al. 1986). An analysis of
the seeds of 76 different faba bean cultivars for thédiytit acid content gave a mean
figure of 0.92 + 0.05% for the cotyledon, and 0.76+0.03%tli@ whole seed.

Proanthocyanidins (Tannins)

The seed hulls of many faba bean varieties are rich in greanthocyanidin (PA) content.
The total phenol content of 22 cultivars varied from 1.4%42.8%. The total polyphenols
content, estimated by the vanillin-HCI assay ranged frob3%. to 3.47% (Abdel Fattah,
M. 1986). The polyphenols present in seed were almost ocmtelyl destroyed by spraying
the seed with 4% aqueous ammonia solution and sealing airitight containers for 15
days (Hussein and Abbas 1985).

Vicine and Convicine

An analysis of faba bean, at different stages of maturitgwed that the concentration of
vicine was about 3.0% (based on dry matter) in young grees,p8l days after sowing.
Sixty-two varieties grown in Egypt and Syria were analyZor their vicine and convicine
contents. Variety 123 A/45/76 contained the lowest cotregions of vicine (3.7 mg ),
and convicine (1.4 mg'y. Vicine and convicine showed a significant and positiverela-
tion in different faba bean varieties grown in Egypt and 8yri

Vicine and convicine, which are present in the cotyledeoas,be eliminated by soaking
the whole or the decorticated faba bean seed in 1% aqueetis acid at 40°C for 48 h
(Hussein et al. 1986).

Traditional Processing Practices

Faba bean is stored in open-air warehouses, in steel sjromin matmura (underground
pits) (Watson, 1981). Storing faba bean in this way is reggbtb reduce cooking time and
the carbon dioxide given off by the beans during storageskiiie bruchid beetles that are
stored product pests. Beans stored as described above aregtofquality, and fetch
25-75% higher prices than those stored in jute bags (Wat98m).1

The traditional ways of preparing faba beans dishes irelud

* Boiling in a minimum of water over a gentle fire (stewfedl medamis

» Decortication, boiling in water, squeezing, and preparas pureellessara.

e Decortication, soaking in water, grinding, mixing withions, and parsley, and frying
in oil (Falafel, Taameyn
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» Sprouting for 4-6 days, followed by boiling and decoation foul nabe}.

Faba bean sprouts have always been an important comgtitu&gyptian diets. Unfor-
tunately, there is now a tendency toward decreased coptsamof faba bean among some
communities which used to depend on sprouts for a subatgmart of their intake of
vitamins and minerals. The beneficial effects of legumews have been described by
Hofsten (1979). Figure 1 illustrates the consumer prefeedor different faba bean dishes
according to income, profession, and location.

The cookability of faba bean was tested in the laboratomger standard conditions
using an experimental cooker to define the factors resplnfor hard-to-cook seeds. The
results showed the presence of varietal differences antomding times. For example,
cultivar 592/1848/86 required 15 min for seed softeningthar, large-seeded local vari-
eties required less cooking time than the small-seedeiéties. Boiling the seeds for 1
min followed by 18 h soaking in water at room temperatgsreecommended to reduce the
cooking time required for seed softening.

Use of Faba Beans in Human Nutrition

Faba bean was fed to preadolescent males as part of a ndiredWhole seeds of the
Triple White and Giza 3 varieties were used. The compositb the diets was quite
similar, except that subjects given diets of Giza 3 inge3@2 mg of proanthocynanidin
daily, as compared to 467 mg of proanthocyanidin in tise cdithose fed on Triple White.
It was observed that the digestibility of crude protein sigsificantly lower in the Giza 3
diet.

For the same reason, the digestibility of almost all theergg®l amino acids were
reduced by varying degrees following the consumptioGiala 3. At the same time, fecal
amylase and proteolytic enzymes increased signifiga(® < 0.05) among the subjects
consuming the Giza 3 diet, as compared to the enzymaticities in the stools of subjects
that were fed on Triple White. Fecal excretions of biledaand proanthocyanidin were
significantly higher for the subjects consuming a Giza & dhan for those fed on Triple
White.

Use of Faba Bean Meals for Diabetic Patients

Leguminous seeds have been widely recommended as pare ddighary treatment of
diabetics (Simpson et al. 1981). We studied the effedifdérent faba bean meals, each
providing 50 g soluble carbohydrates when consumed, enptistprandial blood-glucose
level of diabetic patients after an overnight fast. Foufedent forms of faba bean were
used; stewed and sprouts, of Giza 3 and Triple White @4bl Faba beans gave a flatter
blood-glucose profile when compared with meals camiteg the same carbohydrate con-
tent from other sources such as chickpea, or from 50 g gtuco

Different reasons are proposed to explain the mechabismwhich legumes influence
the slow release of sugars. Phytic acid, polyphenols,l@s®yinhibitors, and resistant
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A. Government employees-Cairo

Below 10 £.E. 101 - 200 £.E. above 201 £.E.

B. Farmers-El-Sharkiya Govemorate.

Very low income Low income Middle class

C. Industry workers-Cairo.

Below 100 £.E. 101-200 £.E. [ ] Foul medamis

k\i\‘* Falafil

Bessara

- Foul nahbit

D. assiut E. Aswan

low income low income

Figure 1. Patterns of faba bean consumption among Egyptians
(Note: £.E.= Egyptian pounds)
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Table 4. Glycemic index of some leguminous foods when serv ed to non-dependent and insulin-dependent
diabetic patients to provide 50 g carbohydrates.

Glycemic Index?

Common name Description of Amount served" Insulin Insulin
of the meal preparation (ing) non-dependent dependent
Glucose Dissolved in 200 mL H,0 50 100 100
Stewed Foul Boiled gently until

medamis Giza 3 seed softens 320 45

Boiled gently until

Triple White seed softens 240 18
Foul nabit Faba bean sprout 198 21 126
Hommos Roasted chickpeas 100 35 94

Decorticated faba beans,
Bessara boiled, squeezed into puree 42 118

1. To provide 50 g carbohydrates from glucose or from different leguminous sources.

The area of increase in blood-glucose 2 b

2. Glycemic index = after the ingestion of test leg mdsx 100

The aren of blood glucose 2 h afier the
edministration of 50 g mval glucose

starch are reported to play a role in the mechanism (Jeekiak 1984). Abdalla (1988)

showed that a flatter blood-glucose profile was seen afitng stewed faba beans in non-
insulin dependent diabetics when compared with dietscaf, ppotatoes, or glucose. This
beneficial effect is restricted only to non-insulin depemddiabetics. The postprandial
blood-glucose values of insulin-dependent diabetics \abm®st the same after consuming
glucose sugar, faba bean sprouts, or faba bean paste, prg\ed g soluble carbohydrates.
The use of faba beans as an ingredient in baby-food formalaetiencouraged in Egypt,
due to the presence of the haemolytic factors: vicine, andicme.

Processing and Functional Properties

Simple methods, such as air classification and ultrafilbrahave been described for the
production of faba bean protein concentrates and isolBtesnsnaes and Olsen 1979). By
using acombinationof pin mill and airclassificationmethodsdehulledfababeansyielded
about 48% of protein flour.

A wet process involves mixing dehulled and dry milltha beans with cold water and
results in about 85% of the protein being extracted. Theaekis clarified before ultra-
filtration or acid precipitation. The cost for the ultriafation process was reported to be
similar to that of the traditional acid coagulation proced{Bramsnaes and Olsen 1979).
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Protein can be isolated by extraction with a sodium cldesolution of 0.2 to 0.8 ionic
strength, and precipitating the protein by dilution witater (Murray et al. 1981).

Modification of Faba Bean Proteins

Succinylation dissociated the globulin proteins, viciéimd legumin, into subunits, shifted
the solubility minima to pH 4.0, increased the water apson capacity by 25%, and the
oil absorption capacity by 40% (Feeney and Whitaker 198%)etplation of faba bean
proteins increased the swellability, viscosity, and beitess of the preparation in aqueou:
solutions (Schmandke et al. 1982).

A faba bean concentrate prepared by air classification cedluhe cooking losses of
broiled meat patties, when 30% of the meat was substitbyethe legume concentrate
(Bramsnaes and Olsen 1979). It has also been suggestedtahelt, which makes up to
20-25% of the air-classifed faba bean products could bpomsible for their water-and fat-
binding properties (Bramsnaes and Olsen 1979).

Faba bean protein concentrates or modified products, sually mixed with other
proteins, meat, milk, or wheat. Faba bean flour concersirate isolates may therefore be
used directly as protein enrichers in pastas and bakedsfood
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Research on Utilization of Food Legumes:
Convergence between Private and Public Sectors

J. W. T. Bottema'

Abstract. In the last two decades, class differentiation in societies in As
assumed recognizable characteristics. In most countries, middle classes
evolved, constituting sizable groups with buying power, and distinct consun
tion patterns. In general, the middle classes tend to consume less staple
and more luxury goods, including snack and processed foods. The developi
of the animal-feed sector is a major indicator of this process, as is also |
further development of the snack and process food industries. The deman
crops that lend themselves to large-scale processing (soybean, maize, cas:
and perhaps grain legumes) has risen quite sharply. It is timely to analy
demand for specific market segments, supplied by various types of raw p
duce. Research on utilization aspects should follow the lines of commerc
product development, rather than the methods for determining national fo
requirements in aggregate terms.

It has become clear over the last few years that budget allocations f
national agricultural research systems remain geared to research for maintai
ing and expanding basic foodstuffs. Although grain legumes vary in impc
tance from country to country, in general they do not enjoy significa
budgetary support in Southeast Asia. Recognizing the limited resources al
cated, increasing institutional flexibility in conducting research on a project ¢
contract basis is recommended. A relatively high proportion of national
search on food and grain legumes has been financed by international ¢
bilateral sources. Lately, in various countries, private-sector companies ha
indicated an interest in securing stable supplies for processing, resulting in
need for contract research.

Introduction

In considering utilization research of chickpea, pige@a and groundnut in Southeast
Asia, several matters need to be highlighted. These caniter institutional development

1. Program Leader and Agricultural Economist, Regionald@dination Centre for Research and Development of
Coarse Grains, Pulses, Roots, and Tuber Crops in the Humagics of Asia and Pacific (CGPRT), Bogor
16111, Indonesia.

ICRISAT (International Crops Research Institute for then8-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants* Meeting, 27-30 289, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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of international and national research agencies as waeglthe private sector, in particular
agri-business. Research on utilization implies taking raréaching and meaningful step
for any institution dealing primarily with research on puation of commodities. This
paper looks at utilization of the above three crops from elyucommodity aspect.

Considerations on Utilization Research

The inclusion of research on utilization in an institutiarcdsing on production research,
appears to be a step with several important implicationsstMbGIAR institutions view
their contribution to world agriculture primarily in terned making improved seed and
technologies available to the national research and dpwedat systems. Benefits are
usually expressed in terms of increased food availahilihgreased farm income and more
efficient agricultural production systems. Research\atitis, sometimes labelled "posthar-
vest" which could cover a wide range of subjects, are uguathited to reducing losses
and to providing links with national markets. They deainparily with village and farm
level methods of drying and storage. However, the routeoafrnodities from production
to consumption is long and complicated. Mechanisms ofketng, price formation,
quality identification, distribution, and demand detémmthe behavior of farm produce as
economic goods. This observation has relatively recentBt mith recognition by the
international research community in several ways.

In farming systems research, a first step was the reciogniof interdisciplinary re-
search among the technical branches of agriculturadnsel. More recently, this research
assumed a more applied and developmental character bydimg the economic environ-
ment. This concept, by including location-specific actiamd development research, actu-
ally reflects the need for links with the economic and abenvironment. For example, a
food legumes workshop held in Khon Kaen, Thailand, recogghithe importance of
socioeconomic factors in production and included amongréisommendations; "that re-
search into socioeconomic factors influencing the promunct marketing, processing and
use of food legumes within Asian farming systems be expdnas a matter of urgency"
(Wallis and Byth 1986). Market identification was alsdiicated to be very important.

Recognition has also come from institutions engaged indfpolicy which have long
followed an approach of identifying food needs with the aifmindicating gaps in food
production, and the need for self-sufficiency in primarydstuffs. In Southeast Asia, a
strong political determinant after the Second World War hagn the focus on rural
development and stabilizing rural economies. A readerighbd by the Economic Devel-
opment Institute (EDI), entitled: "Food policy, integireg supply, distribution and con-
sumption” covers the classical tool-kit of governmenterventions in the policy sphere,
ways to define problems, and recognizes distribution mradketing as important mecha-
nisms (Gittinger 1987). This analysis suggests thatreff@f the international research
community in both food production and food policy convergettie area of marketing and
distribution, or in utilization. It underlines the fatttat development, at least in Asia, means
business.

It could be argued that with utilization we are dealing watmatter which could be best
addressed by private business and the national systevaudee consumption patterns and
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consumer preferences tend to be country-if not areaHspedlIso, research on specific
utilization deals with business propositions, wherefthancial viability ofthe operation is
the most important characteristic.

However, several facilitating roles do exist for produanti@riented research institutions.
A supporting function of an international agriculturaleasch center (IARC) could lie in
making available, a range of processing options. Thedentdogies should originate from
a large number of countries and cultural areas resulting rainge of documented options.
Identification of nationalsourcescould be incorporatedvith easein existing network
activities (Kaul 1987).

A second option for an IARC is to engage in research to dpvgémeral know-how on
utilization options. This research would add to the docue@nange of utilization technol-
ogy. This task could be undertaken as a collaborativerieffath national agricultural
research centers (NARCSs).

A third option would be to select a food processing techgplon the basis of an
identified market, existing prices and identified demaaad distribution network. It would
deal with the development of a business proposition whiely ime the primary domain of
the private sector. However, on an ad-hoc basis such awmigctould be included as a
component in development projects, which are mostly fdnllg governments or develop-
ment institutions.

In the case of ICRISAT with its comparatively narrow rangecodps and field of
utilization, it seems viable to work on the first actiwibf documentation of technology
options, and perhaps develop new technical options. Thel dctivity would remain the
domain of national researchers and the private sector.

In undertaking utilization activities, the role of resgfa institutions assumes a "devel-
opmental” character. This role could have beneficiaéa# for the ultimate user, and for
the research institutions, which are relatively isolatexn private sector developments.

Contract Research: a Meeting Point of the Public and PrivateSectors

Several important transitions can be identified in thelpubnd private sectors in South-
east Asia in the last 20 years (Bottema et al. 1988). In foodegssing, the rapid and recent
development of the animal feed industry during 1980-86 istnsagnificant. Since 1980,
demand for luxury foods such as meat, eggs, poultry, snaoklsexpensive vegetables
developed rapidly. This growth has been supported by theblkstment of sizeable
middle classes with an impressive buying power.

The increased demand for luxury foods led to changes in drfeed composition, and
increased the production of animal feeds and horticaltwrops. Initially many animal
feed industries were started on a small scale to supply tiegaoducers of poultry, eggs,
and milk, and piggeries. Large-scale enterprises sooocodered this important growth
market and their involvement resulted in the establistiroésome large-scale animal feed
factories and related facilities for processing cassavghbesan, and maize. Meanwhile, the
horticultural sector has expanded production to satiséygrowing demand for high-value
vegetables, fruits and other horticultural produce farcgssing.

These developments, which have occurred in most countnieSoutheast Asia, have
resulted in a healthy horticultural sector and well devetbpnimal feed industries, which



have received little government support. This intereggpphenomenon needs to be viewed
in conjunction with the development of national finanararkets, pension funds, and real
estate. As a significant sociological phenomena in Asimdicates a further differentiation
of society and, a widening gap in income between small laltd#lrs and the urban lower
classes, peasant producers, and the middle class.

During the same period, the majority of national agriaudd research and development
systems have become dependent on funding from bilatenaludtilateral sources for their
development budgets. Food sufficiency in major staplestii$ the most important element
in government agricultural plans, and the consequentgbt allocations. As a result,
agricultural development funds have largely been chiathimto irrigation and infrastruc-
ture projects, and into rice and wheat development. tmstins with less well-endowed
mandate crops have had difficulty in making ends meet.

However, an interesting parallel development has takace. From 1975 onwards,
private investments in agri-business have increasedvairisector industry undertook
research in tandem with commercial activities, and esthbt their own research capac-
ity. The establishment of collaboration with public reshainstitutions was only a matter
of time. In many cases public institutions dealing withpsa@onsidered less important
from a food policy perspective, but being extensively ugsethe food processing indus-
try—notably cassava, soybean, maize, and horticultingds—have been the first to work
with the private sector.

National research agencies and universities are inanghsiengaged in contract work,
in collaboration with the private sector. This developnigas occurred in all countries in
Southeast Asia. An interesting example is provided by tepuRlic of Vietnam, where
government institutions operate on a contract basis witter government agencies and
cooperatives. A research institution mandated to condasicbresearch may keep itself
going through production of seed for cooperatives. Rathen ta weakness, this situation
reflects the strength ofthe NARS, namely their versatiltt engage in producing contrac-
tual benefits. It should be appreciated that collab@eafiroject and research arrangements
with national organizations, multilateral and bilaterafanizations, and IARCs, have
opened the doors for this development.

In viewing the societal process, one can conclude thebdsic ingredients are available
for profitable collaboration between the private secfood processors, and public sector
researchers. The discussion on utilization is approptiatause it not only involves the
development of international organizations, but als@bee it is directly connected with a
long-term internal process in developing countries.

Utilization Research: Starting with the Consumer and tle Market

Research on the utilization of agricultural produce iscinwyounger than production
research in agriculture. It started having an impact @mt@ssing and agricultural produc-
tion during the period 1930-50. Since the 1960s the big fwargdorations have expanded
their capacity, and the private companies remain leaitetise field.

In Asia where private industries are initiating reseawohutilization, there are funda-
mental differences in approach, objectives and justiforabetween research on utilization
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and research on production. While research goals of proadmicrelate to increased

farmers' benefits, justifications about the activitisgovernment and international agen-
cies are expressed in terms of sector development, aregogevent, food supply, and

stability. Utilization research developed by the privagetor has entirely different goals,
and these are more specific in nature.

Utilization research is defined in terms of consumeradwedr, which is dependent on
both market size and market segment. It is based on direandial benefits to all
participants in the process. This fundamentally differepproach necessitates very spe-
cific research methods, and basically involves identtfora of all costs and benefits of
each of the components of the process.

Recently, several market and distribution-oriented foadcessing companies have
been successful with large-scale, guided production pt®jen small farm holdings.
Nestle, Ciba-Giegy, Cargill, and Unilever have startedrafions in Malaysia, Thailand,
the Philippines, and Indonesia. They indicate the cdpaand the willingness of the
private sector to invest not only in processing facilitibgt also in the production of raw
produce. This development should rapidly gain pace witheim®ed investments by na-
tional companies to produce animal feed, and horticultarad food crops. The high
proportion of successful projects from national and in&ional companies is best ex-
plained by the fact that processing and market links wimaly established in advance of
establishing production.*

While the importance of utilization, marketing, and dibution is recognized by
IARCs, the private sector moves to assist production onlsfimeh holdings, by putting the
consumer first.

Utilization, Marketing, and Distribution

In considering research on utilization one should distisgubetween the concepts of
marketing and distribution as understood by the inteomati and national agricultural
research and policy organizations on the one hand, andrih&t@ sector on the other.

In the public sector, market research has been defined imstef market capacity and
efficiency. Primary indicators are margins and profitcraeng to participants in the
marketing chain, price integration, and the volume afisiactions as related to production
fluctuation and storage capacity. Assessment of soaidl economic efficiency has been
the primary aim of public-sector research.

Traditionally, the absence of private-sector capacitymarketing major staples has
supported the foundation of national marketing boardd emoperative systems for mar-
keting and distribution of foodgrains in Southeast Asiadilmdual and product-specific
research on market segments within a range of possitileations has rarely been the
object of research. However, in research and developmejéqis, such activities have
been, and still are, part of the research approach.

* Personal communication from numerous food processingpeoty representatives. This interesting issue has
not yet attracted concerted attention.
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In the private sector the concepts of marketing and distion have a totally different
meaning. Private sector research has been traditionalyeckto product-specific develop-
ment and market-specific know-how. Market size, stremajttompetitors, wage rates, and
costs of investment, are primary indicators for defingeneral market profits and specific
benefits, in considering product development. Distribntusually refers to the despatch of
processed produce to either wholesalers or retailers.

Figure 1 depicts the whole process from production amtpet transformation to
consumption. It is clear that the meaning of marketingedels on the place of the actor in
the chain. For example, from the farmers' point of viewllilsg produce to assembly
traders may be marketing; from the point of view ofthed processing sector, it is part of
the purchasing system. It is shown that typically the atévsector defines research starting
from the demand side, while public sector research (inclgdNARCs and IARCSs) starts
from the production side.

Utilization is a relatively new concept, which refers &chnological options in the
processing of produce, and development of specific coeswoods. In the private sector
it is called product development. In research, it is usethénnarrow sense of a technologi-
cal option. However, the term is often used to refer towtle complex operation of
market identification and the development of a busimpesgposition. It implies an approach
that starts with end uses, and focuses on selection of teagythat can produce a product
with one or more intermediate or end uses, as in the daseeals and other ingredients
used in animal feed. Many meals e.g., sorghum and soybeah wen be substituted for
one another in feed mixes with a slight variation in addidlomgredients. Companies
manufacturing animal feeds have developed least costrpmog to evaluate the financial
benefits of various substitutions. In the alcohol and sugdustry similar substitution of
intermediate products takes place.

An implication of research in utilization is that busines®nomics becomes part of the
approach. This means that although the concepts ofetarg, distribution, and utilization
are used in various ways, they basically belong to the sdustec of activities that add
value to agricultural produce. Another conclusion is it justification for research on
utilization is expressed primarily as creating market apputies rather than directly
benefiting producers or farmers. The indirect benefts groducers are in the sense of
establishing a market, and adding to their productionooysti

Chickpea, Pigeonpea, and Groundnut in Southeast Asia

Looking at the FAO production statistics for the period 2-88, it becomes clear that in
Southeast Asia among chickpea, pigeonpea, and groundnbyt,groundnut is a crop of
national importance in Indonesia, Myanmar, The PhiligginThailand, and Vietnam.
Area development in Indonesia and Myanmar seemed to fddetaonsiderably during
1985-87, but no great increase in area is noticeable (Té&plevietham, however, has
rapidly expanded groundnut cultivation between 1980485Thailand the area seems to be
stable at 120 000 ha.

Imports of groundnut have grown steadily in Singaporel, @nstitute a US$ 25 million
market. Groundnut imports to Indonesia fluctuated afterapid expansion in the early
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Table 1. Groundnut in shell (‘000 ha).

Area harvested

Country 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
Myanmar 563 523 456 490 555 540 524 620 549 577
Indonesia 514 473 506 519 461 484 538 510 601 520
Laos 7 11 11 11 12 12 12 12 13 15
Philippines 48 54 55 39 56 57 46 50 50 55
Thailand 8 100 100 117 118 136 131 121 125 118
Vietnam 100 91 108 115 129 140 170 270 280 286

Source: FAO 1987.

1980s. ICRISAT's mandate crops are in an essentially reifteposition in Southeast Asia
as compared to South Asia or Africa where they are usedubsistence. In this region,
groundnut is primarily a snack, while the other manaates show some potential as side
dishes as in Indonesia, or as animal feed depending oriveelattices, especially of maize
and cassava.

In the case of groundnut in Southeast Asia we are dealiny an established crop with
a variety of end uses. R & D activities could therefore be ad&e to: (a) increase the
efficiency of the existing system; and (b) to expand thgyeamf end uses through selection
of technology based on market research.

Chickpea and pigeonpea in Southeast Asia are essentiallycrops, although they are
grown in limited quantities. The utilization patterns abgndnut in Southeast Asia are
well known, because the crop is of importance throughoatrégion. It is possible to
assess the volume and forms of imported groundnut to ifyemtarket rewards for various
groundnut cultivars. A study conducted by staff of the e@torate of Post-Harvest and
Farm Management, Ministry of Agriculture, in Indonesiadicated that there were clear
market rewards for good quality, large-sized groundnufclihindicates that the private
sector has established a processing capacity requiring pramuce of specific quality
(Altemeier et al. 1989). The potential rewards and bemdfir groundnut producers are
sufficiently large for them to adapt some production to thtlee requirements of the private
sector.

In the case of production of chickpea and pigeonpea, éxoepMyanmar, no statistics
are being kept in Southeast Asian countries. In considahegiability and feasibility of
introducing new crops, the utilization approach seemsetaseful. The procedure identi-
fies several major end uses of comparable crops, whicldcbe partly replaced by the
new crops. It estimates market size and the initial masdtetre. Based upon market
assumptions, the potential of the new crops can be ifiedtilt is of great importance to
calculate the benefits farmers derive from new crops, Aadcbmparative advantage of the
various production options. An example of utilizatione@sh in new crops, which estab-
lished potential use in Southeast Asia, is the ACIAR/CRIf@g=onpea research program,
and a Regional Co-ordination Centre for Research and IPpemeent of Coarse Grains,
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Pulses, Roots, and Tuber Crops in the Humid Tropics of Asid the Pacific (CGPRT)
study on the potential for pigeonpea in Thailand, Indoameand Myanmar (Wallis et al.
1988).

The Centre has also conducted studies on pulses in Neddargladesh (CGPRT nos.
6, 11, 12, and 18). The findings indicate that compareatopeting crops, yields of pulses
are too low to be attractive for large-scale and wide-agreultivation by farmers. Those
reports also show that there still is a fairly well-dendd demand for pulses, including
chickpea and pigeonpea, but that this demand is notiassdcwith high prices, because
the demand is primarily located in the lower income claskethat case, the identification
of new higher valued end uses seems a fruitful activitpdosue. The other option of
increasing productivity and lowered prices of pulsesascertain to significantly increase
demand. This matter needs research. Both options do ntud=one another.

Conclusion

This paper recognizes the rapidly strengthening reseaapacity of the private sector and
the increasing collaboration between the NARSs and tlneafsr sector, as well as the
commercial nature of utilization research. Activity inligation would strengthen and
expand research links with the private sector. In consmndeutilization, the author recom-
mends that one distinguish between utilization in a narremses of identifying food

technology (or product development), and utilization ineaayal sense, which includes
market-oriented research.

In establishing program activities, it is recommended #tdivities to document a range
of technologies as connected to intermediate- and end weséaken up, while product-
specific research could be implemented in a project fraorkwlnnovative collaborative
structures are necessary to link production know-how witlikat realities.
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Development of Postproduction Systems
Research to Increase Legume Utilization

E.J. Weber' and P. Pushpamma

Abstract. Success in promotional efforts for any food crop depends on de
loping location-specific  production, and postproduction technologies. |
creased demand in local, regional, and international markets is the mg
motivating factor for increased production. Though legumes have a place
most cropping and food systems in the semi-arid tropical (SAT) regions, \
ious constraints along the chain from production through harvesting, thres
ing, drying, storage, primary, and secondary processing, product developm
and marketing are limiting their current consumption.

International agricultural research centers (IARCs) can play a key role
encouraging expanded utilization of legumes by promoting overall resea
strategies that include: market studies to define needs and opportunities; s
tegic food-system thinking and research; methodology adaptation and train
to include postproduction issues; promoting integration of research and de\
opment (R and D) postharvest and production activities of national and int
national institutions; and providing continuity through long-term commitmer
Pilot testing of both production and postproduction technology components
combined solutions to identified problems is encouraged.

Introduction

Legumes are an important constituent of diets in mostspaef the world, especially in the
semi-arid tropics. Traditionally, they are grown and wtld in combination with other
food crops, like cereals and root crops, which complemeemttecologically and nutri-
tionally. For many of the poorest people they are a majorcsoaf protein, and hence have
been referred to as "poor man's meat". Nutritionally, theppr combination of legumes
and cereals or tubers, when consumed in adequate quant#étisfies the calorie and
protein needs of an individual. Because legumes are anraltpgrt of many existing food

1. Associate Director, Agriculture, Food, and NutritiBciences, International Development Research Centr
(1DRC), 250 Albert Street, 5th Floor, P.O. Box 8500, &t K1G 349, Canada.

2. Senior Program Officer, Nutrition Program, Internatad Development Research Centre (IDRC), 7th Storey
RELC Building, 30 Orange Grove Road, Singapore 1025.

The views expressed in this paper are those of the autlaword do not necessarily represent those of the
International Development Research Centre.

ICRISAT (International Crops Research Institute for tBemi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 989, ICRISAT Center, India. Patancheru, A.R 502
324, India: ICRISAT.
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production and consumption systems, the emphasis of angpoivement efforts should be
to encourage increased and more varied utilization ofetHegumes that are presently
grown, rather than on major new introductions. An exceptiorhis is in higher-income

urban markets where costlier processed products are affted Constraints which limit

expanded consumption can be classified as production ppaduiction, and nutritional

factors.

Production Constraints

Despite being well integrated into many traditional foodteyns, legumes suffer a number
of constraints which limit their potential for greaterpéaitation and benefit by producers
and consumers alike.

In some traditional legume-consuming countries, stagnath productivity and area
under production of legumes contributes largely to theiwdp availability. Greater re-
search and promotion efforts made on wheat, rice, and maizé supportive economic
policies have pushed up the area as well as productivityesktlcereals, giving them an
advantage over legumes in overall terms. Thus, increasedlcavailability at lower prices
has increased cereal consumption, consequently redubimgattio of pulses to cereals in
diets.

More convenient processing and products also benefitzatilon of cereals. What effect
this has had in nutritional and income terms is not cleawéver, maintaining or increas-
ing the ratio of legumes in producton and consumption pagtevould have benefits in
terms of income, food variety, and nutritional status.

Postproduction Constraints

Constraints to the postproduction systems of food leguaresencountered at all stages,
including harvesting, threshing, drying, storage, prisnand secondary processing, and
marketing. Non-availability of appropriate technologndatechniques appears to be a
serious impediment in promoting utilization of legumes.

In legumes postproduction research, the problems, anémicstand component interac-
tions are as complex as those in the crop production systhereTare also mutual effects
influencing technology performance in both production grubtproduction sectors that
require identification for setting research prioritiesurther, both production and post-
production systems function within an overall economic aoticy environment, which
influences decisions on what technology to use and whatugtodo buy. A broader
consideration of factors in the context of the total foodepscould lead to more effective
identification of research problems.

Handling and Drying

The need for improved methods of postharvest handling apthdrof groundnut used for
producing salted nuts and peanut butter was recognizetienPhilippines, where thou-
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sands of farmers grow groundnut on small scattered patchmjor quality problems,
especially aflatoxin contamination, prompted a comprshanstudy of the whole ground-
nut industry and market system to identify key areas forawement in a systematic way.
The results of the studyshowed no major single solution to the problem or any key
intervention point. Improvement of the system, produetlity, and farmer income were
found to combine several of the following:

«+ aflatoxin-free and higher-yielding varieties;

» adjustments of agronomic practices;

* more rapid, controlled drying;

* better seed selection, storage, and preparation;

» insect infestation control;

+ development and introduction of methods for selection @mading of nuts before
storage or sale; and

» identification of the effective points to introduce gbechanges into the market chain
from producer to assembly agents, primary processors, @gial processors, whole-
salers and retailers.

Storage

In the Household Grain Processing Project, conducted aftitthra Pradesh Agricultural
University, Hyderabad, a study was made on the food systedryland regions (Push-
pamma and Chittemma Rao 1981). Though legumes are weadgraied into the dietary
pattern of the populace in SAT regions, several other caim$sr [imit their consumption.
One of these is lack of appropriate small-scale technotagfacilitate longer storage. The
producers of the legumes are compelled to dispose of thain goon after harvest or incur
heavy storage losses. For this reason, their legume cqisumdrops in the lean season
when they have to buy back processed legumes in the matrketaich higher price. The
pricing policy adopted by the Government also restritis ¢consumption of legumes, as
cereals are supplied at subsidized prices but not legumtes.ldck of suitable storage and
processing facilities at the household and village levpiscing, and marketing systems
play a large role in the utilization of legumes. This studggested the desirability of
greater research emphasis on all aspects of postproduwsytstams

Legumes are susceptible to storage pests, and under frages conditions to qualita-
tive losses as well. Insects and rodents cause major mlykisses and leave unhygienic
residues which reduce grain quality. Legumes harden dustegage, resulting in in-
creased fuel costs and cooking time. In a 1983 survey cawmigdby the Institute of
Nutrition for Central America and Panama (INCAP) in Guatkmaardening-related
losses accounted for 3-32% of total production (INCAP 3)98This problem deserves
greater attention in both Africa and Asia.

1. Unpublished project documents and reports.
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Processing

Legumes are often converted into intermediate productddiusking, shelling, splitting,
milling, and oil-extraction processess. While largelscprocesses and equipment are
available for centralized plants, usually in urban aredkage-level, small-to intermediate-
scaletechnologies appropriate faillage-level processing need to be developed. Thif
encourage greater legume processing, utilization, andwaoption close to where it is
produced.

A simple groundnut sheller motivated farmers to expandugdmut production in
Thailand, illustrating how understanding and improvingstproduction operations can
affect crop production strategfesOn- farm or local groundnut shelling was identified by
engineers in Thailand as a means for farmers to realizeopé#ne trader/processor margin,
and consequently increase their income. A simple, inesipenshelling machine was
developed and supplied to small farmers. The machines Wete used, however, until
seed preparation time when they allowed farm families &dlshore groundnut than could
be done by hand. Since additional land and water werelablai more groundnut was
sown. In analyzing the use of the shellers by farmers,arekers became aware of other
constraints to production and income. Development andnggtquipment to improve the
efficiency of digging, stripping, and drying to reduce farm losses were identified as
important needs.

The same sheller was evaluated in Maldwihere it proved to be too large and
expensive for farmer needs, even though hand shelling isjarrmastharvest constraint.
An inexpensive wooden sheller was locally developed astede and an interchangeable
component was incorporated to adapt it to various groundmes, shapes, and shell
toughness, thus increasing its versatility. Postproauctconstraints and requirements
vary, depending on end uses of the food, and the econ@uial, and cultural scenario.

Promotion of Legume Consumption

In regions where legumes are traditionally part of thet dihe quantity consumed could be
augmented by: increasing availability; reducing pricempioving culinary characters;

improving storage and handling both on and off the farmvetieping appropriate process-
ing technology for different markets; diversification abpucts; marketing strategies to
suit changing trends; and shifts in eating habits.

It is important to identify and develop special approaches new markets where
legumes and cereals are not traditionally utilized. Whgroducts of a specific legume, or
combination of legumes are already entrenched, it is neffiective to expand on existing
products and uses, and to identify constraints, bottleneakd new opportunities in the
established system.

1. Groundnut Mechanization (Thailand) |11 1987. DepartmefiAgricultural Engineering, Khon Kaen Univer-
sity, Khon Kaen, Thailand, IDRC project no. 3-P-87-0041
2. Department of Agricultural Research, Ministry of Agril¢ure, IDRC project no. 3-P-86-0275.
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Market research to identify potential consumers and tlpeéferences can provide
valuable information for diversification and expansidiegume products. Urban markets
provide better entry points for these alternative drssilute products. Successful substitu-
tion technologies are related either to cost reductiorprmduct quality improvement.
Consumers resist substitution if eating quality chanmasties override economic consid-
erations. The prohibitive cost of traditional legume egion is usually lowered by
diluting the recipe, rather than by replacing it with sslexpensive one.

Income elasticity for legume consumption appears touitedow'. Therefore increased
production and utilization requires a strategy of prdddiversification, alternative uses,
and new market development. Such a strategy requiresuta@fsideration, however, if it
is to be effective.

Most initiatives to extend legume utilization have eitlieveloped new products or
incorporated legumes into foods consumed on a regulas.blaseither case, or in replace-
ment of one legume with another without a clear consuraeefit, the product will remain
in the laboratory as an academic achievement.

Identification and creation of demand in urban marketsuthde based on carefully
designed market research &ssesshe needsof urban consumers, especiaMyith a view
to changing life styles and trends in eating habits. Snaockidp convenience foods, and
health foods seem to have potential for greater demancthn@xcial marketing promotion
techniques may hold a key to successful introduction of feeds in urban markets. For
nutritionally upgraded foods to meet with success in tlagkat place, attention needs to be
paid to such attributes as physical characteristics,sstadiue, and attractive packaging.

Promotion of any food crop depends on yield potential, andreating market demand
at the same time. Markets and consumer needs vary acgotdicircumstances. While
emphasis has been placed on urban markets, legumes aresatgtial in rural diets. This
segment of the market, though more difficult to cater gbpuld not be ignored. Some
stratification of potential markets for product and sgyt development will help focus
research efforts more precisely. Factors such as levelscome, population density, and
present consumption patterns suggest four possible maeaors:

* household/local/semi-subsistence;
» village;

* low income mass market/urban; and
* higher income/urban.

Potential Role of IARCs
Based on cassava utilization experience in Colombia, imwng the Centro Internacional

de Agriculture Tropical (CIAT) and national agriculalresearch systems, the following
key entry or influence points for IARCs were identified.

1. Household grain processing (India) Il and Food Entemgwiéindia) HI. Andhra Pradesh Agricultural Univer-
sity, Hyderabad, India. IDRC project no. 3-P-80-0210, 8rH-86-0035.
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* Market orientation

» Strategic thinking and research

* Market orientation

» Strategic thinking and research

 Methodology adaptation and training

» Integrated and catalytic research and development (R & D)
« Continuity

Market Orientation

Assumptions about beneficiaries should be specifiedoider to set precise researcl
objectives. It is important to identify clearly where ithe system new technology is bes
introduced, related to what are usually multiple objeesi, including improved food intake
and variety, and increased income and job opportunities

IARCs could place more emphasis on market research terbietentify product and
process opportunities related to rural and urban madezxtors with emphasis on low
income consumer needs.

Strategic Thinking and Research

Food consumption patterns shift and change, even amowgincome consumers, as new
knowledge and products become available to them. Thdssges may involve greater
variety in diets, more processed and convenience foodspwigg market for snack foods,
and the demonstrated effects of higher-income consumgéiterns. It is therefore impor-
tant to identify and assesdegumes and legume-based produetdh new and expanding
market potential, as well as those with a declining masdteire.

Often, processes and products are location and environspatific. ldentifying the
basic production and postproduction technology aroutdcW variations can be evolved,
according to local needs and specifications, could be peoductive both for IARCs and
NARs.

Methodology, Adaptation, and Training

Farming systems research and applied on-farm trials acepéed as part of the IARC
research domain to provide feedback on problem definithad performance of modified
technologies under operating conditions. A parallel nalagous approach in the post-
production system would improve the possibilities for matdion and definition of prob-
lems spanning both sectors. A possibility is to build dready existing knowledge of
agroclimatic-based production zones and consequend Rystems.

Integrated and Catalytic R & D

Postharvest research capability in most developingntdes is scattered throughout many
institutions, departments in ministries, universitiand the private sector. No dissemina
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tion and promotion structure exists as for agriculturaldaation technology. This is
especially true for the needs of thousands of small-soab@an and rural postproduction
enterprises. IARCs have an opportunity to promotetgrdinkages, strategic thinking, and
studies with researchers in these institutions. Postprthdn research networks could
evolve as components of already existing productidatesl networks. Implicit in this
structure are opportunities for training.

Continuity

The ideas and approachessuggestedwill take time to develop in an evolutionary and
experimental way. This requires steady long-term commaittrand effort. Unfortunately,
national institutions, especially in poorer countriegtelw cannot, or do not provide this
longer-term stability in personnel or priorities. A caypup of scientists concentrating on
basic legume-utilization problemsvill assuremaintenance of knowledge and a focus fot
future research.

Finally, research on operational topics is as necessaryalasrdtory science. Pilot
projects in both production and postproduction sectord #heir interaction are a crucial
means of testing technology under real conditions. Thisra role for selective IARC
participation here as well, although most have hegitdte move into commercial-level
operations, viewing this as clearly a national prerogativnfortunately, in the postproduc-
tion area, there are few national institutions with th@ndate or capability to carry out this
integrative pilot activity. Pilot projects can be keyeasch efforts to fine-tune and evaluate
technology constraints, gain experience in organizatibain researchers and program
managers at the national level, and provide crucidbrmation and impetus for full-scale
development projects to follow.

It is not our intention to suggest that IARC-based legussearch programs launch into
postproduction programs on a scale to rival that of thbedduction-related activities. This
is clearly not feasible, or viable. We do feel, howeverttiwvith some reorientation of
existing resources and alliances, it would be posdibl;ncorporate a broader postproduc-
tion systems perspective and strategy. This focus ceelde both IARCs and national
programs alike, in deciding how scarce research-supgsdurces can best be applied to
solving problems and, to providing low-income peoplermopportunities in the broader
food system.
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Discussions

 The use of integrated pest management, i.e., host plesistance accompanied by
judicious use of insecticides was suggested as a meamomifolling the pod borer
Helicoverpa  armigera.

* In clarifying the adoption of short-duration dwarf gerag, and their relationship to
food production, it was noted that the wood yields per wm#a in short- and long-
duration types are similar.

* Pigeonpea cultivation is not expanding in the West Indiesause split peas are cheape
and available. The University of the West Indies is irtggd in more information on
pigeonpea utilization.

* When introducing a new crop, initially only one varietyoshd be tried. After it has been
found successful and stabilized another variety can beodnted. This procedure was
successful in introducing cowpea in Thailand.

» Pigeonpea millers generally prefer bold, white-seededena for high dhal recovery.

+ Storage conditions and length of storage periods mayeaser the cooking time of
legumes. To obtain quick-cooking mung bean, an alkaline pti short heating time at
high temperature should be used, because this retains ehtis¢ amino acids.

* The need to find alternative uses for pigeonpea is jiestibecause of pigeonpea's global
potential for use in nontraditional areas.

* About 60% soybean could be substituted by pigeonpegermpehpreparation without
affecting its overall quality.

» Soaking pigeonpea seed before fermenting improves tfaditguof tempeh.

* The economic aspects tdmpehproduction merit further examination.

* Protein concentration increases in fermentethpeh, but the reasons for this are not
clear. It could be due to the conversion of nonprotein ngrognto protein byRhizopus
oligosporusand other flora. Trypsin inhibitor activity is reduced bglcium.

* Arice and mung bean mixture, flavored with milk, vanilladasugar is now sold in the
Laguna area in the Philippines. This formulation is alsmgdest marketed in southern
Philippines. After starch extraction, there is scope tdizd mung bean protein as
texturized vegetable protein which otherwise goes to evgst Thailand). Sale of this
product could partially offset the price of mung bean resd Only about 40-43% of
mung bean seed is recovered as starch, and there are noalati#erences. Starch
extraction rates in laboratory and commercial methodscareparable. Such studies on
pigeonpea should also be conducted.

* During the extrusion of soybean complete inactivationipdxygenases is not achiev-
able because the protein would be seriously damaged by léngrc Steam injection
results in higher deactivation of heat-resistant enzymes.

* In remote villages in Myanmar, people still use pigeonpgaaamedicine and this has
been confirmed in a book written on the medicinal uses aftpla

» Canning of pigeonpea is important and is a major activit the Dominican Republic
and Puerto Rico.

» Parameters that influence the quality and acceptabilityegetable pigeonpea need to be
identified.

» Pigeonpea is also used for the preparation of lac in ThdilMahich is formed by scale
insects.

251






Recommendations

Group Leader K.A. Buckle (Australia)
Rapporteurs U. Singh and K.B. Saxena (ICRISAT)
Participants

M.P. Vaidehi, E.J. Weber, and N. Pralhad Rao (India); D.Sné&rajati and J.W.T. Bot-
tema (Indonesia); S.O. Yanagi (Japan); B. Cheva-lsarakplanna Ngarmsak, and Suc-
hon Tangtaweewipat (Thailand); N. Poulter (UK); S.C. BifWest Indies); Laxman Singh
andD.G. Faris (ICRISAT).

* Members felt that the pigeonpea group was not repreteataf the countries providing
consultants to this meeting since there were no delefedes Africa, perhaps a reflec-
tion of the lesser importance of pigeonpea in that continen

» There were considerable information gaps identifiedheyGroup, reflecting their lack
of knowledge, their inability to identify where such infoaithon is available, or the fact
that such information is not yet available. It was sutggeshat data gathering from a
variety of sources, including Australian Centre for Imi@tional Agricultural Research
(ACIAR), was required, perhaps including grass rootveys. Surprisingly little ap-
pears to be available on some fundamental aspects admiga and pigeonpea process
ing, and this data must be obtained, some of it in thalfiel

» Most problem areas were considered as relatively misaompared to the overriding
difficulty of lack of production, both in the Indian subdorent to provide sufficient
immature seed for vegetable use and dehulled seedhBdproduction, and in countries
such as Indonesia and Thailand where it is a relatively ecreyw and markets are not yet
established.

« Economic expertise was not available within the Groog this may have affected the
priority of some recommendations.

Aspects of pigeonpea processing and use were consideatédnwhe following areas:
Postharvest handling and storage;
Primary processing;
Secondary processing; Animal feeds;
Extracted products.

Priorities for future work considered were:

» increased production of both green immature seed andrendiy seed,

» the need to examine in more detail the dehulling of seaedsthe associated problems o
yield, functional properties, and modification and deypet@nt of small-scale equipment
and its effect of grain quality, and eating quality,

» fermented products,

* noodles and protein-based products from seed fragtiomd
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< animal feeds from whole seed or by-products.
Problem areas were considered in the context of tradalioncurrent productgsnovel
products as follows:

Traditional Novel
South Asia Dehulling efficiency  Southeast Asia Fermented foods.
and seed quality for Animal feeds.
dhal production. Noodles/tofu.
Eastern Africa Cooking characte- Rest of Asia Convenience foods
ristics, functional based on improved
properties. efficiency in dhal
production.

Animal feeds.

Africa Possibly as Asia
but at a later stage.

Identified R & D Needs

Postharvest Handling

This was considered to include storage before primary ggeiog. Processes included
village-level drying, threshing, and green pea shellivgrious problems that relate to
product quality were identified. It was believed that murformation relevant to posthar-
vest practices is currently available (e.g., in ACIARdments), and that the priority is to

gather and review the data from these sources, identifg gafknowledge, and obtain
missing data at the village or grass roots level.

Primary Processing

Immature whole grain (vegetable)

« Examine known data about green peas and assess iafmmrelevant to pigeonpeas.
« Determine compositional factors that affect eatingldfy.

« Determine effects of grain maturity on sensory qualit

Dehulling/decortication of mature whole seed

» Examine effect of grain characteristics and qualitylehulling efficiency.
« Examine effect of seed variety on dehulling efficignc
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* Examine nutrient losses during dehulling.

« Adapt small-scale cereal dehulling equipment for pigeea dehulling.

« Examine mill characteristics and their effects on pradabaracteristics and hence
quality.

» Examine current processes fathal processing and selection of appropriat
modifications.

* Examine relative merits of dry vs wet dehulling (i.e. ladivs Indonesian methods).

Secondary Processing

Whole grain, dry processing (roasting, grinding, frying)

« Examine the functional properties and special featurgageonpea flour.

Whole grain, wet processing (soaking in water, sodium bichonate solutions, salt

solutions, boiling/steaming)

« Examine and improve cooking characteristics, and niotnél implications of adopted
practices.

Whole grain, germinated

* Fundamental work is required to determine technical market potential, especially in
Asian countries where bean sprouts are more popular.

Whole grain, fermented tempeh, sauces,dhokla)

» Determinetempehproduct characteristics and quality, consumer prefazgnnutritional
quality, effects of raw material type (whole vs splieds), availability of fungal cul-
tures, use of driedempeh,i.e. secondary foods (e.g., weaning foods, extended ptedu
etc).

» Determine feasibility of sauces preparation to simutaterent products.

» Prepare standardized instant mixes ready for fermamtafior the preparation afhokla.

» Determine relative costs of soybean and other grainreg, and of pigeonpea in the
countries concerned.

Canned green immature/mature seeds (low priority)

* Explore suitability of alternative packaging materiaks teduce energy costs of
processing.
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Animal Feeds

» Determine nutritional benefits on animals, includinguptoy, of pigeonpea fractions
derived from processing (e.g., dehulling losses), patéidy with respect to anti-nutri-
tional factors.

Extracted Products

« Determine relative merits of extracting starch angartein from pigeonpea.

« Examine production and nutritional qualitytofu-like products from extracted protein

 Examine production and nutritional content of noodles enfxdm pigeonpea starch.

Summary

Priorities for future work were summarized as follows:

Process Priority
Postharvest handling 1
Primary processing
High-moisture harvesting 1
Dehulling 1

Secondary processing
Dry processing
Wet processing
Germination
Fermentation £drying
Canning

N WP WEFEe W

Animal feeds

Extraction
Starch 1
Protein 2

Collaborative Research and Training Needs
These aspects were not considered by the Group. It wasdeosed that collaborative
research needs would depend on the ultimate prioritiebbshed by the consultants an

ICRISAT for pigeonpea research, and this in turn would deiee training needs. Such
requirements were likely to overlap with those relevanthickpeas and/or groundnuts.
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Production Aspects of Groundnut and Future
Prospects

S. N. Nigant

Abstract.  Groundnut seeds are rich in oil (36-54%), and protein (21-36%
and have a high energy value 2363 KJ (100gf seed. They are used for oil
extraction, as food, and in confectionery products. The cake remaining a
extraction is processed for animal feed and human consumption. The hat
are valued as fodder. Cultivated groundnut, a native of South America,
grown on 20 million ha in about 80 countries, with a total production of 21
million t. The approximate geographic limits of present commercial producti
are between latitudes 40°N and 40°S. Groundnut is mostly grown in A
followed by Africa, North, and Central, and South America. Groundnut cro
are found on farms at all levels of development - from bush clearings in Afri
to the highly mechanized high-input farms of North Carolina and Georgia
the USA. Productivity varies accordingly -from 300 kg™h#o 10 t h&. The

key to high yields is identifying and overcoming the constraints to productic

Introduction

Groundnut is a native of Bolivia and northeast Argentimatbe eastern slopes of the
Andes mountains in South America. The crop is now grownughout the tropical and
warm temperate regions of the world. Although groundnutresdpminantly a crop of the
tropics, the approximate limits of present commercial picitbn lie between lattitudes 40°
N and 40° S.

Groundnut is rich in oil (36-54%) and protein (21-36%) alad b high energy value of
2363 KJ.100 ¢. Seeds are used for oil extraction, as food, and as an irgredi
confectionery products. After extraction, the residuake is processed largely for use as
animal feed, but also for human consumption. The haulms aleed as fodder.

Groundnut Production

Production of groundnut in the semi-arid tropics (SAT)e=ds that of any other legume
and comprises 70% of the world production. It is grown onarage 18.8 million ha in

1. Principal Plant Breeder, Legumes Program, IntermeticCrops Research Institute for the Semi-Arid Tropics
(ICRISAT), Patancheru, A.P. 502 324, India.

ICRISAT Conference Paper no. CP 630.

ICRISAT (International Crops Research Institute for then8-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 W989, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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about 103 countries with a total production of 18.5 miHib (Various issues of FAO
Production Year Book from 1974 to 1986). The crop is mgigdown in Asia followed by
Africa, North, Central, and South America. Average croglgs are highest in North and
Central America (2.5 t h§ and lowest in Africa (0.8 t h§. Average yields in Asiaare 1 t
ha'. Except for Europe, average yields in other regions ave in comparison with those
from the USA (3.3 t hd) and much lower than the potential yields of over 10 t ha-
reported from research farms in Zimbabwe.

Groundnut is cultivated on farms at all levels of devetept - from bush clearings to
the highly mechanized high-input farms of North Carolared Georgia in the USA. The
crop is also grown in different cropping patterns, i.s.aanono-crop, mixed- or inter-crop.

In the rainfed SAT early- and medium-duration varietiesgar@wn mainly for oil, but
also for use as food and fodder. Where supplemental itiogas available or the growing
season is long, medium- and long-duration varieties aoavgrfor oil and confectionery
uses. Under a high-input system, confectionery types amenally preferred; the early
types are grown in a residual moisture situation. Thedpoaivity of the crop varies with
the farming system. There is need for research to iderdiig overcome the factors
responsible for low yields.

Constraints to Production

Major constraints to groundnut production are:

» damage by diseases and pests;

unreliable rainfall patterns, with recurring drought;

* nutritional stresses;

* poor agronomic practices with limited use of fertilizeasid
lack of high-yielding adapted cultivars.

Groundnut Research at ICRISAT Center

At ICRISAT we are integrating plant breeding, plant patlygioentomology, microbiol-
ogy, physiology, and cytogenetics research to producén-lyiglding adapted cultivars
with stable resistance or tolerance to the major stresgsseptly limiting production. Our
groundnut scientists cooperate with economists, cropsystems specialists, and agrono-
mists to develop crop management systems applicable tosiiell farmer. The world
collection of groundnut and wildrachis germplasm provides the basis for crop improve:
ment efforts.

The problems of growing groundnut all over the world aredstd intensively at
ICRISAT Center. Problems more specific to particularioeg are worked on in ICRISAT
regional programs or through cooperative research witlonal programs. The program at
ICRISAT Center works closely with the ICRISAT Regioraloundnut Program for South-
ern Africa, set up in Malawi in 1982, and the West Africandgtam based atthe ICRISAT
Sahelian Center in Niger that started in 1986. There iglegglow of improved germplasm
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between the Center and regional programs, and networks een established for effec-
tive evaluation of cultivars.

Diseases

Foliar diseases. The world collection of over 12 000 accessions has beesesed for
resistance to rust{Puccinia arachidis Speg.) and late leaf spdPhaeoisariopsis personata
(Berk. & Curt.) v. Arx] diseases at ICRISAT Center. There &8 lines with good
resistance to rust, 34 with resistance to late leaf spud, 31 combining resistance to both
diseases (Branch and Csinos 1987). Interspecific hybeidvdtives with high levels of
resistance to rust and/or late leaf spot have also been Bitexi sources of rust and late leaf
spot resistances have been used in a breeding program,resddombining these resis-
tances with good agronomic characters are now in interpatitrials. A groundnut vari-
ety, ICCV 87160, with resistance to rust and tolerantate leafspot has been released it
1990 for rainy-season cultivation in India.

An epidemic of early leaf spot at ICRISAT Center in 1987d astablishment of a
collaborative field resistance screening project at iagdr in northern India, have accel-
erated the work on this disease. During 1987, 33 out of 6t glasm lines, 3 out of 641
breeding lines, and 5 out of 1665 interspecific hybridd#ives showed satisfactory levels
of resistance to early leaf spot at ICRISAT Center. Ofghomising lines, 13 genotypes
were found to be resistant even at Pantnagar during 1988iy&Veet al. 1990). Some of
these lines are also resistant to rust and late leaf spot.

Studies continue on the influence of environmentaldiectand agronomic practices on
development of foliar diseases.

Diseases caused by soil fungi. Field screening of germplasm lines under naturall
occurring outbreaks of a pod rot complex caused HFsarium spp, Macrophomia
phaseolinaand Rhizoctonia solanhas identified several resistant lines, some of which al
also resistant to pod and seed invasionAspergillus flavus.

More recently, field screening of germplasm and breediings againstSclerotium
rolfsii with artificially enhanced inoculum levels has identifisusceptible and moderately
resistant material (Branch and Esinos 1987). Stem and pisdceused byS. rolfsii are
most serious in groundnut grown on Vertisols, and it isam@nt that advanced breeding
lines be screened to eliminate unduly susceptible mdtbefore release.

Aflatoxin contamination. Factors influencing the invasion of groundnut pods andssee
by the aflatoxigenicAspergillus flavushave been studied in relation to genetic resistanc
and cultural control measures. The importance of droughtlation to pre-harvest con-
tamination has been confirmed, and drought stress usedh@nee resistance screening
methods (Mehan et al. 1988). Several germplasm lines veidistance to seed invasion by
A. flavus have been identified (Mehan 1989) and used in a breepingram, and some
breeding lines have good levels of resistance (Rao.e1288). Crosses have been made t
combine seed coat resistanceAtoflavusinfection with low capacity to support aflatoxin
production. A data base on published information on afatoin groundnut is in
preparation.
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Virus diseases. Bud necrosisdisease(BND) causedby tomato spottedwilt virus
(TSWW) affects the groundnut and is economically importantSouth and Southeast
Asia. Several high-yielding germplasm and breeding limgsh resistance to the thrips
(latin name) vector of BND (ICRISAT 1987) have been testeddsistance to TSWW, and
ICGV 86029 and ICGV 86031 have been found tolerant (ICRISAB8). Peanut mottle
virus (PMV) disease is of worldwide distribution and camsea significant yield losses
(Demski et al. 1975). Several germplasm and breeding lih@svB1g non-seed transmis-
sion and tolerance to PMV have been identified (ICRISAT8)9&erological tests have
been developed for the detection of peanut clump virus! Salarization was found to be
effective in controlling this disease (ICRISAT 1987).aRet stripe virus is currently
recoghized as one of the most important diseases affedtimgroundnut crop in Southeast
Asia (Rao et al. 1988). Screening for resistance to thisasése¢hrough international
cooperation is in progress in Indonesia.

Pests

Particular emphasis has been placed on the developmerdsbfcpntrol strategies that do
not involve the use of pesticides, or that rationalize theé&. The prime aim is to introduce
pest resistance into zonally adapted varieties. Germplhises with resistance to major
pests that attack the leaves and stems of groundnut pleadsid$, thrips, leaf miner and
Spodoptera litura)and to some soil insects that attack below-ground partsnites and
pod borers) have been identified, and are being used in brggdograms (Amin et al.
1985, ICRISAT 1988, ICRISAT 1989). Progress has been madkefining the mechanisms
of pest resistance. The feasibility of combining host-pl@sistance and natural control by
the use of parasites and predators are being investigatedr, aim being to keep pest
populations down to levels that do not reduce yields. d&$feof cropping patterns—
monocrop, multicrop, intercrop—on pest populations dso deing investigated. Studies
are being conducted to determine the damage threshol@&patfoptera litura.Collabora-
tion between entomologists and virologists has led to ameased understanding of the
role of thrips as the vector of TSWV.

Drought

Research on the physiological basis for genetic differenice drought response has hac
considerable impact on drought screening at ICRISAT Celleought-tolerant lines have
been identified and used in breeding for improved drougbistance. Some lines with
resistance to foliar diseases have also shown droughtataie. The greatest opportunity
for improving genotypes for use in drought-prone areas illecapitalizing on the ability of

some cultivars to recover from mid-season drought. Thigbatte is therefore being used
in screening breeding materials. Research is focussed@nrespiration and growth, the
mechanisms determining recovery from drought, and on weerefficiency. Photoperiod

also influences drought responses (ICRISAT 1988), anatygprs are being screened for
photoperiod insensitivity (ICRISAT 1989).
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Nutrient Stresses

Biological nitrogen fixation is not usually a limiting deor to groundnut production in
locations with a history of groundnut cultivation. Genpity differences in the rate of
nitrogen fixation are dominated by leaf area effects (%f%ariance), and the differences
directly attributable to genotypes are small (2-6%) (&hget al. 1990).

Iron chlorosis has been shown to be caused by two mechanisimb soil pH and
periodic waterlogging. Genotypic differences in sugdsfity to iron deficiency exist in
groundnut (Hartzook et al. 1974, Hartzook et al. 1972), lamited screening of breeding
lines has been initiated at ICRISAT Center.

Calcium deficiency is a major limiting factor for groundmroduction in some coun-
tries. Research is in progress to investigate reportedtygpic differences in the calcium
uptake efficiency of pods. Consistent and significamadgpe x drought x gypsum interac-
tions have been demonstrated (Rajendrudu and William§)198

Plant Improvement
Major thrust areas in the groundnut breeding at ICRISAMt&ehave been identified.

Zonalization of groundnut growing environments. Based on biotic and abiotic stresses
and agroclimatological data bases our investigatimctuide identification of the important
combinations of stresses and the required maturity duraiio different regions. This
exercise is undertaken in collaboration with the Agrodiology Unit of the Resource
Management Program.

Development of varieties/populations adapted to spedifienvironments and require-
ments. Early-, medium-, and long-duration varieties with resige to relevant combi-
nations ofstressfactors thatwill fit well into existing farming systems, and that are attunec
to consumer preferences are being developed.

Most of the progress so far has been made in breedingvaustivhich are high yielding
under no-stress situations, or which have resistanegénte to single stress factors. It is
now intended to develop varieties with multiple resises.

In addition to supplying early-generation populationsRISAT also offers interna-
tional trials of advanced generation breeding lines topeoators. Several ICRISAT-bred
lines are in the advanced stage of testing in various naltigmograms or have been
released by them. Jamaica has released one of improvedigesmm line Tifrust 2 (ICG
7886) as 'Cardi-Payne'. The Republic of South Korea tedsased ICGV 87127 as
‘Jinbungtangkong'. Pakistan has released 'BARD699',ngoseite of ICGV 87187 and
ICGV 27128). Releases in Malawi, Zambia, and Nepal are tedai

In India (ICGV 87123) and ICGV 87128 have been released amdirecreasingly
becoming popular with Indian farmers. More recently IC@¥141, 87119 and 87160 for
rainy season cultivation and ICGV 87187 for postrainy seasoltivation have been
released for various groundnut zones in India. The varl€GYV 87121 has been released
in Uttar Pradesh state of India for rainy season cultivati®rogress has also been made in
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developing cultivars for confectionery purposes, andraklines have shown good per
formance in international trials (ICRISAT 1989).

Agronomy and Crop Production

ICRISAT groundnut scientists cooperate with those of temiRce Management Prograr
in providing cultivars and advice to enable national progsaientists/extension workers
to put together management systems appropriate to lauditicos.

The Legumes On-Farm Testing and Nursery Unit (LEGOFTENhe Legumes
Program actively cooperates with the scientists andsiteworkers in India to demon-
strate the potential of improved technology and variefieggoundnut in farmers' fields.
The results of the past two seasons have been highly egiegurehey have clearly
shown that the potential of high-yielding varieties angroved technology is within the
farmer's reach.
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Groundnut Quality Characteristics

R. Jambunathan

Abstract. India is one of the world's second largest producer of groundnu
and the most important use of the Indian crop is for its oil content. Nearly 66
of the groundnut produced in the world is crushed for oil. At ICRISAT, scree
ing groundnut germplasm accessions has demonstrated the large variation
their protein and oil contents. Storage stability of oil is an important factor
especially in developing countries, where storage conditions are not ideal. T
concentration of oleic and linoleic acids in groundnut oil affects its stability.

A variety of food uses of groundnut are known, and peanut butter is one
the most popular products in several countries. Low-fat groundnut is als
receiving increased attention for use by calorie-conscious consumers. Flay
components of groundnut are very important in determining the acceptabili
of groundnut products, and this is a complex area, relating objective measut
ment to subjective evaluation. Protein quality and the junctional properties 1
isolated groundnut protein have been extensively investigated, and a number
efforts have been made to utilize groundnut protein ingredients for human fo
Groundnut protein is about 74% as high as the casein quality that is used as
reference for rat bioassay procedures.

Groundnut hulls form a sizeable proportion (about 25%) of total groundnt
production. Various ways of using these hulls have been developed, part
ularly as a supplement to cattle feed, and attempts have been made to impr
hull  digestibility.

Introduction

Grain quality is a broad term which encompasses physida¢mdical, and functional
properties. The quality and properties of groundnut haes lsescribed in earlier publica-
tions (Cobb and Johnson 1973, Ahmed and Pattee 1987). Thlétygattributes that are
important for end uses of groundnut vary among the develapeddeveloping countries.
In developed countries, groundnut is mainly used for makiegnut butter and consumed
as roasted groundnut or in confections, while in severaelbgving countries, it is mainly

1. Principal Biochemist and Program Leader, Crop QualityitU International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), Patancheru, A.P. 502 32ddia.

ICRISAT Conference Paper no. CP 631.

ICRISAT (International Crops Research Institute for then8-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 M@®9,1ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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processed for its oil. The cake obtained after oil eximactis not utilized to the best
advantage though it is a good protein source. Groundnuisoi¢latively more stable than
safflower and sunflower oil, which have higher content ofypnsaturated fatty acids and
consequently groundnut oil has a longer shelflife. In gdper, a brief description on the
guality of groundnut is given and, where available, dattaioled on groundnut cultivars
developed at ICRISAT are reported. The paper also inelscduture research areas in
groundnut.

Chemical Composition

Groundnut is primarily used for its oil and protein, whiate anajor products of the crop.
Rapid and reliable methods are available for the deteatidn of protein content, and for
the nondestructive determination of oil content using eaclmagnetic resonance spec
trometry (Jambunathan et al. 1985). At ICRISAT, groundactessions grown in various
parts of the world have been collected, cataloged, anddtfor further use. We analyzed
groundnut germplasm accessions and observed that theianmi protein contents varied
considerably indicating the possibility of selectingrm@lasm accessions for higher oil or
protein content (Fig. 1 and 2). It is important to ascertithdése characteristics are stable
in the selected accessions before they are used in aibgepdogram.

Five groundnut cultivars developed at ICRISAT-ICGS €@V 87119), ICGS5 (ICGV
87121), ICGS 11 (ICGV 87123), ICGS 21 (ICGV 87124), and B243 (ICGV 87128)-and
Kadiri 3 and J 11 as controls, were grown in the postraingosed 985/86. They were
analyzed for their proximate composition (Table 1). Amohese cultivars, Kadiri 3 had
the highest protein and lowest oil contents. Both Kadirin® 4 11 had lower seed masses
than other cultivars. The amino acid composition of wheéed showed that the major

Table 1. Composition of selected groundnut cultivars, IC RISAT Center, postrainy season 1985/86 .

Soluble Crude 100-seed
Protein Oil Starch sugars fiber Ash Moisture mass
Cultivar (%) (%) (%) (%) (%) (%) (9)
ICGS 1 24.9 48.3 11.8 4.6 2.2 2.3 7.3 56.2
ICGS 5 25.7 48.2 12.3 4.6 2.3 2.3 6.8 60.7
ICGS 11 25.0 48.3 11.8 4.6 2.2 2.3 6.7 57.3
ICGS 21 24.2 50.0 113 5.0 2.0 2.3 6.8 69.3
ICGS 44 25.4 49.1 12.2 4.4 2.1 2.2 7.1 65.1
Controls
Kadiri 3
(Robut
33-1) 29.2 46.4 11.2 3.6 2.1 2.2 5.0 48.1
J 11 25.8 47.2 13.7 5.2 2.1 2.4 5.1 31.0
SE +0.61 +0.44 +0.32 +0.19 +0.03 +0.03 +0.36 +4.71

1. Means of three determinations.
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Figure 1. Distribution of oil content in ICRISAT groundn ut accessions.
(Note: For easy comparison, all oil values have been exggssed at a uniform moisture
level of 5%).
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Table 2. Essential amino acid composition (g 100 ™ g™ protein) and protein contents of groundnut cultivars L

ICRISAT Center, postrainy season 1985/86.

FAO/
WHO
Kadiri 3° (1973)
Amino acids ICGS1 ICGS5 ICGS 11 ICGS 21 ICGS 44 (Robut 33-1) SE pattern
Lysine 3.98 4.03 4.07 4.06 4.09 3.81 +0.042 55
3.23 3.09 3.32 3.10 3.14 2.90 +0.058 4.0
Valine 4.65 4.80 451 4.66 4.69 4.27 +0.076 5.0
Methionine + cystine 2.95 2.65 2.38 2.55 2.65 2.18 +0.107 35
Isoleucine 3.73 3.86 3.76 3.66 3.64 3.49 +0.051 4.0
Leucine 6.92 7.27 6.84 7.17 7.24 6.26 +0.155 7.0
Phenylalanine
+ tyrosine 10.17 10.49 9.77 10.10 10.32 9.90 +0.108 6.0
Protein content (%) 49.60 49.10 49.70 49.80 49.00 52.20 +0.479

1. Means of duplicate determinations.
2. Control.

deficient amino acids were methionine and cystine, lysithegonine, and valine when
compared with the FAO/WHO (1973) provisional amino acidréng pattern (Table 2).
Rat bioassay of ICRISAT cultivars was carried out and thgestibility of groundnut

protein was comparable to that of the reference protegeicgTable 3). It was interesting
to note that the protein of one cultivar, ICGS 21, was evererdgyestibile than casein.
However, in all the cultivars, the biological values amet protein utilization were much
lower than casein. The protein efficiency ratio was deteediby feeding these cultivars to
rats for a period of 4 weeks. Results indicated that theageeprotein value of these
cultivars was about 74% of the casein value.

Table 3. Biological evaluation of selected groundnut ctiltars, ICRISAT Center, postrainy season 1985/86

True protein Net protein Protein

Biological digestibility utilization efficiency
Cultivar value (%) (%) (%) ratio
ICGS F 53.5 96.3 51.5 241
ICGS 5 52.7 95.4 50.3 2.42
ICGS 11 51.5 98.2 50.7 2.35
ICGS 21 56.6 99.2 56.1 2.33
ICGS 44 47.7 96.4 46.0 2.28

SE +1.69 +0.55 +1.83 +0.026
Casein (standard) 76.0 96.4 73.3 3.24
SE +0.57 +1.05 +1.12 +0.07

1. Means of five determinations.
2. Means of four determinations.
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Table 4. Fatty acid composition of hexane extracts of groumut cultivars, postrainy season 1985/86

Control

Fatty acid (%) ICGS 1 ICGS 5 ICGS 11 ICGS 21 ICGS 44 Kadiri 3 SE

Palmitic 12.1 11.9 12.1 11.3 11.9 121 +0.13
Stearic 2.3 2.1 2.3 2.8 2.71 2.9 +0.13
Oleic 36.7 37.2 36.8 42.9 38.9 38.9 +0.95
Linoleic 40.5 40.5 40.6 35.1 38.4 38.0 +0.88
Arachidic 14 13 14 14 15 15 +0.03
Eicosenoic 14 14 14 13 14 14 +0.02
Behenic 3.2 3.1 3.0 29 3.0 2.8 +0.04
Lignoceric 18 17 18 15 17 18 +0.04
O/L ratio 0.91 0.92 0.91 1.23 1.01 1.03 +0.05

1. Means of three replicates.

Oil Quality

The stability or shelf life of oil is important in both ddeping and developed countries,
but deserves more attention in developing countries whéoeage conditions are not
optimum. A major influence on oil storage stability is fiasty acid composition, especially
the proportion of unsaturated to saturated fatty acids. fattg acid composition of ICRI-

SAT cultivars showed that the oleic (O) to linoleic acig tatio (0:L) varied between 0.91
and 1.23, and the highest ratio was obtained for ICGS 21 evinado was significantly

higher than the rest (Table 4). For groundnut, an 0:L ratib6and above is desirable for
longer shelf life. A minimum 0:L ratio of 1.6 has been recomdad for groundnut by

food processing industry purchasers in the UK (Hildebdat987, personal

communication).

Flavor Quality

The flavor ofroasted groundnut plays a very important roléts acceptance by consumers
and other users. This is a complex area as more than 300ccomp have been detected in
roasted groundnut (Ahmed and Young 1982). It is importardtandardize the tests used to
evaluate the acceptability of roasted groundnut by coridgcsensory evaluation and

relating the findings to the presence or absence of varimlatile compounds, and the
concentrations in which they are present. Recent stuididgate that hexanal concentra-
tion is one of the eight compounds that gave an objectionfdé®r to groundnut and it

was correlated with a professional flavor profile pasili evaluation (Young and Hovis
1990). Characterization of flavor compounds by gas clatmgraphy would enable

breeders to identify those cultivars that have a goodofigrofile for further development.

Sugars in groundnut also play an important role as precsirgo the production of the

typical roasted groundnut flavor.

272



Groundnut Utilization

A variety of food uses of groundnut are known, and peanuteblit one of the most
popular products in several countries. However, except pieanut butter and roasted
groundnuts, the desired confectionery quality paramdtave yet to be clearly defined for
selecting groundnuts suited to individual end uses in dgirfy countries. For example,
when groundnut pods are boiled in salt water and the boiéedssconsumed, various
factors are involved in the process. The water permegbdftthe shell and the ease of
uptake of salt water by the seed may play a role in influencimoking time. This is one of
several areas where additional information is needed tmealefuality characteristics that
are required to make the best end products.

Some interest has been evinced in the introduction of a ktwgfoundnut which is now
being sold under the 'Weight Watchers®' label (Anon 1988)w-fat groundnut is made
by a commercial process that squeezes out about 50% odith&rom raw groundnuts
which then regain their shape after being squeezed. Thendnoiis are then soaked in hot
water, and roasted in oil for 5 min. The water steaming dthekernels prevents roasting
oil from entering them resulting in a crunchy groundnuttwb0% less fat than normal.
This low-fat groundnut is gaining in popularity among hleaonscious consumers.

Groundnut has been used to improve the protein content aallty of several cereal-
based food products in India, Kenya, Malawi, Nigeria, Saheand Zimbabwe (Natarajan
1980). In India alone, there have been several agriculiased products with groundnut
as the protein-enriching medium. While using groundnuitein in food products, it is
important to understand the characteristics and functipnaperties of this protein so that
the product is acceptable to consumers when used as ardiegrén a food system. The
important functional properties of protein ingredients aplubility, viscosity, emulsifica-
tion, elasticity, adhesion, water and fat absorption, féarmation and stability, gel forma-
tion, and fiber formation (Natarajan 1980). It is a chafjieny task to relate functional
properties with end products, as there do not seem to be amrally accepted tests for
evaluating the several functional properties of protein.

Groundnut Hull

Of the several million tonnes of groundnut that are predun the world each year, hulls
form about 25% of the total mass produced, and their utibmathus becomes very
important. At present the majority of groundnut hulls aither burned, dumped in forest
areas or left to deteriorate naturally (Kerr et al. 1986pwHver, there have been some
efforts to use groundnut hulls in cattle feed, as a carriensecticide, in the manufacture
of logs and production of pulp, and as a fiber componentuimdn diet (Kerr et al. 1986).
One of the major potentialisesof groundnuthull is as a component in cattle feedull
digestibility is quite low; research efforts are beingedited to improve it. Hulls contain
more than 60% fiber. Inoculation and biodegradation ofdhlave been tried but these
efforts have not been successful. A combination of chelmaca biological pretreatments
may offer hope to increase hull digestibility by ruminanke(r et al. 1986).
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Future Research Needs

In developing countries, the method of oil extractiors ha be made more efficient and
hygienic, so that the groundnut cake available aftéreatraction can be profitably used as
a supplement to weaning food and in other processed careds$ fwhere additional protein
would be advantageous. The concentration of aflatoxinukhde determined before
groundnut cake is used in any formulation or diet; if thesrany contamination of the cake
at all, it should not be usedyecausehe end producwill be toxic.

There is a need to identify the important flavor compdsdhat are either desirable or
objectionable to consumers. The factors that contribwteatgood confectionery type
groundnut, and appropriate screening methodologiesheset factors need further devel-
opment. Market and consumer demands should dictate thelagm®nent and setting of
standards.

Blanching quality is important because of the energyoiwed in removing the seed
coat. An economic laboratory method to screen germplasth apeding material for
blanching quality is needed if commercial varieties engtypes with better blanching
guality are to be developed. For this purpose, the relahipnsetween the laboratory and
commercial blanching methods must be established.

The physical, chemical, and functional properties ofugwanut that relate to specific
end products have to be determined and refined to facilgateening breeding material
for such properties. Also, methods have to be developdbadulls and other by-products
can be better utilized.
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Utilization of Groundnut in India and Scope for
Novel and Alternative Uses

S.S. Kadam and J.K. Chavah

Abstract. Groundnut is one of the important oilseed crops in India. Mor
than 80% of the production in the country is used for oil extraction by screw
expeller pressing. The cake obtained by this process contains 6 to 8% resic
oil, and is mostly used as animal feed. A small proportion of groundr
production is consumed as roasted, salted, or fried nuts, or as meal in vari
recipes. After pigments and the residual oil are removed, cake meal can
substituted for 10% of the wheat flour in bakery products such as cooki
Groundnut milk, to the extent of 20%, can be substituted for whole cow's n
in the preparation of acceptable ice cream. Groundnut kernels or meal col
be used to make peanut butter, fermented products, composite flours, milk,
milk products. Based on consumer acceptance and the suitability of the v
eties grown in India, the technology for such products needs to be develo

Research is needed to improve the efficiency of the oil extraction process;
partially refine the oil and consequently improve its quality and storage stab
ity; to utilize cake as a source of protein in foods; to standardize the technolc
of roasted, salted nuts; and on the use of groundnut in the preparation
various unconventional products.

Introduction

Groundnut is a major oilseed crop. India, the Peoples RépuoblChina, and the USA are
the major groundnut producing countries in the world (Adsat al. 1989). Nearly 30% of
the total world production of groundnut is in India (FAO 1R8Bhe crop accounts for more
than 56% of the total production of oilseeds in India. Thiéiaation of groundnut differs
significantly in developed and developing countries. la thSA, a greater proportion of
produce is processed for direct consumption in the formeahpt butter, salted peanuts,
and high protein meal. In India more than 80% of the prodiscerocessed to obtain
cooking oil with groundnut cake as a byproduct. A small proijpe of the groundnut
produced is used for culinary purposes, consumed as satédfréeed nuts, and as an
ingredient in snack foods.

1. Professor of Food Science, and Associate ProfessoBiothemistry, Department of Food Science and
Technology, Mahatma Phule Agricultural University, Pmdgar, Rahuri 413 722, Ahmednagar, Maharashtra,
India.

ICRISAT (International Crops Research Institute for tBemi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 M@0 1ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.



Utilization

Groundnut is an unigue plant in that it has a wide range ed.uSroundnut oil is mostly
used as a cooking medium, and the residual cake is usedttés feeed or manure. The
shelled nuts are consumed after toasting, frying, saltomdgoiling, and in the preparation
of confectionery products. For some people, groundnwneatith jaggery forms a cheap
and sustaining food. The shells are largely used as fumheSimes, shells are used as
filler in fertilizer and stock feed, and flour made from gnal hulls has potential for use as
a dietary fiber.

Groundnut Oil

Commercially, oil is extracted from groundnut by threethods; hydraulic pressing,
screw pressing, and solvent extraction. The solvent etitra process gives a higher oil
yield than the other methods. Groundnut oil is generasigduas a cooking medium, and it
may be processed into a variety of products. It is hydnaged to givevanaspatior
vegetable ghee. To some extent, groundnut oil is used ip-swaking. In Europe and the
USA, groundnut oil is used in the manufacture of margarine.

Roasted Groundnut

Roasting groundnut with 1-4% common salt is a very comnractpce all over the world.
Groundnut is roasted either by applying dry heat or usbmgesvegetable oil. Dry roasted
groundnut is used in the preparation of peanut butter, emiidfnery, or bakery products.
Roasting reduces the moisture content, develops a pleflasnt, and makes the product
more acceptable for consumption. The reduction in moistoetent during roasting
prevents molding and reduces staling and rancidity. Exeesiseating during roasting
lowers the nutritional quality of proteins.

Cake and Meal

Groundnut cake is obtained as a byproduct after oil exitva. The cake when powdered
gives defatted groundnut meal. The market-grade groundake obtained in mechanical
screw pressing is dark grey in color, it has a bitter famtel is rich in fiber, because whole
kernels with skins and 1-2% shells (crushing aid) are addb obtain the crude oil. Such
cake is unfit for human consumption and is mainly used as alnfeed.

Defatted groundnut meal contains about 43-65% proteird @-20% fat, depending
upon the method of oil extraction, and some B-group vitamibefatted groundnut meal
has a higher protein efficiency ratio (PER), net proteiihizetion (NPU), and digestibility
than full-fat groundnut meal (Kabirullah et al. 1977). Ttieemical score of groundnut
flour can be improved by blending with other plant proteiThese blends could be used ir
bakery products.
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Traditional Products

Groundnut is used to prepare such indigenous productadds and chikki. To prepare
laddu, groundnut kernels are roasted and deskinned, the sepaczatyledons are mixed
with thick, hot, jaggery syrup. Small portions of thextire are pressed by hand to obtain
balls, orladdus,about 3-5 cm in diametet.addusmay also be prepared from roasted and
decorticated groundnut kernels, which after coarse gnigdo obtain particles of about 1-5
mm diameter, are mixed with a small quantity of crushed ¢agg

Chikki is a very popular product in western India. It is prepargdnixing roasted and
decorticated groundnut kernels with a hot slurry of suddre mixture is spread in a
1.0-1.5 cm thick layer on a tray or similar flat surfacdtek cooling, the product is cut into
small pieces and packed. Roasted groundnut is also udké preparation of various other
traditional recipes such agichadi, guradani, barfiand vegetable curries in India.

Novel and Alternative Uses
Peanut Butter

Peanut butter is prepared by grinding roasted and blanceettls to which 1-4% com-
mon salt is added. Its flavor is a major factor in deteiimg the acceptability of the
product.

Protein Isolates

The technology now exists for the production of grountdmoteins in the form of concen-
trates and isolates which are acceptable for human copisom These isolates have a
potential application in many types of food products, amgart beneficial characteristics
to food in which they are incorporated. Groundnut protedtait® can replace about 80% of
milk solids without changing the texture, and about 60%hwitt loss of flavor, color, or
overall acceptability in the preparation of frozen desséLawhon et al. 1980). Protein
isolates with high protein solubility, bland taste, and sirdéle light color were obtained
from groundnut by combining the aqueous extraction med®&khee et al. 1972) and the
membrane isolation process (Lawhon et al. 1981). Presgadhit groundnut kernels in
4% sodium chloride (NaCl) solution overnight, followed bgt vater washing, helped to
wash out much of the water soluble and flavor components.

The protein isolate thus obtained had high solubility, ah@e&vcolor, and was free from
a nutty flavor. Groundnut protein isolates and oil couldused in the manufacture of
cheese analogs. Replacement levels of 40% and 50% wenedfto be optimum in
producing cheese analogs (Chen et al. 1979).

Fermented Products

Groundnut cake or meal can be used for human consumptiarpaftéal hydrolysis of the
component protein by fermentation using certain moldshSuroducts are readily digest-

279



ible, tasty, and nutritiousOncomis a fermented groundnut press cake, and is a popul
product in Indonesia. Worthington and Beuchat (1974) reggbthe elimination of sucrose,
raffinose, and stachyose during the first 24 h of fermgomaof groundnut withNeuro-
spora intermedia. The fungusRhizopus oligosporusvas less effective in eliminating these
sugars. Fermentation does not change the fatty acid com@osor the protein content of
groundnut (van Veen et al. 1968).

Milk

Groundnut milk is traditionally prepared by soaking kesnét 1% sodium bicarbonate
solution for 16-18 h, draining off the water, and grindiimgthe aqueous medium. The wet
mash is steeped for 4-5 h, and filtered through chees ¢totecover the product. In India,
production of toned groundnut milk called Miltone®, is a aoarcial reality. Miltone®
consists of groundnut milk extended with buffalo milk. A yotrlike product has been
prepared from Miltone® by using a lactic culture (Swaatiman and Parpia 1967). Beuchat
and Nail (1978) demonstrated that fermented groundnukmén be substituted for butter-
milk in maize muffin recipes without altering the prodscsensory characteristics. Our
preliminary studies have shown that groundnut milk to él&ent of 20%, can be substi-
tuted for whole milk in the preparation of ice cream.

Composite Flours

Groundnut flour can be used in the preparation of groutideereal composite flours. Such
composite flours have a higher protein content and nugitialue than either wheat, maize,
sorghum or millet alone. Whole wheat and maize flours wargplemented with 10, 20,

and 30% level of 1:1 mixture of groundnut and chickpea f$a@CF) (Khalil and Chughtai

1984). Supplementation increased the protein content ldalv and maize blends by
20-61%. Significant increases were observed in lysine ahdroproximate constituents.
The chemical score of wheat flour increased from 53 to 78,that of maize flour from 49

to 71 with 30% GCF. Biological evaluation of wheat bread&G® protein level, and maize
bread at 8% protein level in the rat diet showed significamprovement in the protein

qguality of GCF supplemented breads, as judged by gain in lmoaks, PER, NPU, biolog-

ical value, and utilizable protein content. A supplemépotalevel of 20% was considered
adequate to achieve the desired nutritive benefits (Khaid Chughtai 1984).

Bakery Products

Groundnut cake meal, or defatted meal, can be used to Eereueeptable bakery products
(Table 1). Breads, biscuits, cookies, and other productsicctbe excellent vehicles for
enhancing the utilization of groundnut protein in Indiaatg. Our studies have shown that
the cookies prepared from a composite meal, containingca%e meal, had comparable
sensory properties to those of the control (Table 2). Bwnging the proportion of

280



Table 1. Acceptability of different bakery products prepa

red from wheat:groundnut meal blends.

Acceptability*

Flour blend Bread Bun Cup-cake Cookie Doughnut
Control, 100%
refined wheat flour 4.4 4.8 4.8 4.9 4.8
Wheat: PDM?
90:10 4.1 42 43 4.5 4.4
80:20 3.6 3.6 4.0 4.0 3.8
70:30 3.1 3.0 3.2 3.4 3.1
Wheat: CDM?®
90:10 4.1 4.1 4.6 4.7 4.4
80:20 35 33 4.0 4.3 3.8
70:30 2.7 2.8 35 3.7 3.2
CD. at 5% 0.70 0.64 0.66 0.54 0.74
SE values +0.25 +0.22 +0.22 +0.19 +0.26

1. Acceptability was judged by the panelists for tastedt, texture, and appearance. The mean values argedpor

2. Partially defatted flour.
3. Completely defatted flour.

Score : Excellent 4-5; Good 3-4; Fair 2-3; Poor 1-2; and \Reryr 0-1.

Table 2. Sensory evaluation of cookies prepared from vari

ous blends of refined wheat flour and groundnut

cake meal.
Spread
factor
Color and Overall (Width/
Flour blends appearance Texture Flavor Taste mean Thickness)
Control (100%
refined wheat flour) 5 4.8 4.8 4.8 4.8 6.4
Wheat: Cake meal
95:5 4.0 4.4 4.4 4.4 4.3 6.4
90:10 3.4 3.6 3.8 3.6 3.6 6.8
80:20 2.8 3.4 3.2 3.0 31 5.6
70:30 2.2 2.6 2.2 2.0 23 5.7
60:40 12 2.4 2.0 16 18 5.6
SE +0.23 +0.23 +0.23 +0.21 +0.23 +0.11
CD at 5% 0.68 0.65 0.67 0.63 0.66 0.33

Sensory evaluation score: Very pleasant 4-5; Good 3-4;2F&iPoor 1-2, and Unpleasant 0-1.

Spread factor score: Higher the score, better the quafiitgokies.
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Table 3. Sensory evaluation of cookies prepared from refed wheat flour + groundnut cake meal 90:10 (w/
w) using different formulae.

Spread
factor
Color and Overall (Width/
Flour blends appearance  Texture Flavor Taste mean Thickness)
Control (100%
refined wheat flour) 4.2 4.3 4.4 4.5 4.4 6.24
Composite flour
(Refined wheat flour +
Cake meal)
90: 10 w/w
Formula £ 4.2 4.8 4.2 4.4 4.4 6.96
Formula 2 33 2.8 3.2 3.0 3.1 7.64
Formula § 3.5 35 4.0 3.4 3.6 7.16
SE +0.09 +0.26 +0.14 +0.23 +0.18 +0.09
CD at 5% 0.29 0.81 0.42 0.71 0.54 0.26

a. Formula 1 : Flour 250 g, hydrogenated fat 150 g, gresuigdr 125 g, liquid glucose 50 g, cow milk 50 ml, mdiear 12.5 g,
liquid ammonia 2 ml, sodium bicarbonate 1 g, and orager.

b. Formula 2 : as above, except hydrogenated fat 125 granhd sugar 150 g.

c. Formula 3 : as Formula 1, except ground sugar 150 g.

Description of scores given under Table 2.

ingredients, acceptable cookies can be prepared from esitepflours containing 10%
cake meal (Table 3).

Research Needs

Extraction of Oil

The extraction of oil by the traditional method leavessidue cake containing 6-8% oil.
Hence, it is necessary to improve the efficiency of theraction process. Moreover, the
resultant cake is dark grey in color, rich in pigments, phienacompounds, and fiber, and
hence unfit for human consumption. As the cake contain§@%-good quality protein, it
is necessary to improve existing traditional technologyttsat the cake can be utilized in
human foods.

Partial Refining of Oil

Groundnut oil obtained by traditional processing has sdvienpurities, and is less stable
than refined oil. Refining the oil removes impurities,artins, and the typical groundnut
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flavor. However, the cost of refined oil is almost 15 t0 @mes that of crude oil. Cheaper
ultra-filtration treatment is now being commerciallyedsto partially refine crude oil.

Partially refined oil has better keeping quality than crwde and has a natural flavor.
Simple processing to remove suspended particles and itgaicould improve the storage
stability and the quality of crude oil. Such processing betbgy needs to be developed for
groundnut oil, to improve the availability of good qualiti at lower cost.

Cake Utilization

Groundnut cake containing 45-50% protein is commonly uaedan animal feed. A
suitable technology needs to be developed to remove pitgnéibers, and residual oil
from the cake, which can then be used in the preparationaléry products, protein
concentrates, and isolates. The cake meal can be usegl wioh cereal and other legume
flours to prepare composite flours.

Technology Standardization for Roasted and Salted Growdnuts

Roasting is a common processing treatment given to grainkiernels before these are
used in various recipes such as paste, meal, or coarselyndjawder. However, over-

roasting results in loss of nutritional quality. Therefpoptimum conditions that avoid

nutritional losses need to be worked out for the roastirgggss. Similarly, the salted

peanuts available in India are inferior in quality togbanade in some developed coun-
tries. The commercial preparation of such a product uagémum processing conditions

could improve groundnut utilization.

Use of Groundnut to make Nutritious Foods

Groundnut meal is a good source of protein, lipids, marerand vitamins. The use of
groundnut meal in cereal-legume based foods can improwentiiritional quality of the
products. Several weaning or high-protein foods, comtgigroundnut meal as one of the
ingredients, have been prepared in India and other ci@sntThe use of defatted groundnut
meal in developing composite flour based on cereal: legugeoundnut on commercial
scale for the preparation of traditional foods suchrat§ chapati, and bhakri would be
useful.

Utilization in Unconventional Foods

Several groundnut-based foods, including fermented anudfaonented foods such as
oncom, tofu,and peanut butter, are commonly consumed products (Hgbl&he technol-
ogy for the preparation of these products using local Vvi@seneed to be standardized in
accordance with consumer preferences.
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Table 4. Some popular groundnut products.

Product Description Utilization

Oncom Groundnut kernels are pressed to remove oil. The press cake is Indonesia
soaked in water for 24 h, drained and added with high starch
material such as cassava or residue from soybean milk. The material
is then steamed, incubated with fungus Neurospora intermedia or
Rhizopus oligosporus and fermented for 1-2 days at 25-30°C after
wrapping in banana leaves. It is fried in oil or margarine and

consumed.
Tofu (curd) Groundnut kernels are soaked overnight and ground into an China,
emulsion. The fine mash is boiled or steamed and put through cloth Japan

filters. The curd is precipitated from the resulting fluid by adding
calcium or magnesium sulfate. The product is left to settle and
transferred to boxes lined with cloth filters or spread on trays. Sold
as slices or slabs. The curd is served in soup. The wet curd can be
deep-fried in oil.

Peanut butter Peanuts are heated to 160°C for 40-60 min. After roasting, the nuts USA

are cooled, blanched and fine milled to paste. During milling,
stabilizers are added alongwith preground dextrose and salt. Other
additives include hydrogenated vegetable oil, antioxidants, honey,
lecithin, whey etc. The product is packaged in plastic or metal
containers, lined fiber drums or boxes for bulk volumes. The butter
is used as spread on bread and in the manufacture of candy,
cookies, sandwiches, wafers, patties, bars, etc.

Milk-Based Products

Groundnut milk can be used in the preparation of yoguré-lpkoducts, ice-cream, and
other products. Our preliminary experiments have showhithia possible to replace 20%
of cow's milk by groundnut milk in the preparation of adedype ice cream (Anonymous
1990). Further efforts are required to improve the qualitgther popular products, such as
yogurt andpaneer.Micro-organisms that are most suitable for fermeiotatof groundnut
milk in the preparation of such products need tadentified. This will help to popularize
groundnut milk based products with Indian consumers.
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Groundnut Quality Requirement for the Export
Market-Present Status, Constraints and Future
Needs in India

G. Chandrashekhar*

Abstract. As the worlds largest producer of groundnut (estimated output

1988/89 over 7.5 million t unshelled) India has the undoubted potential
supply medium- and small-seeded varieties of groundnut, in shell and
kernels. Bombay bold, Java, JL 24, and G2 are varieties available in cou
varying between 40/50 (57-71 g.1bOkernels) and 70/80 (36-41 g. 160

kernels) kernels per ounce, well suited to meet the requirements of a siz:
section of discerning users around the world.

Despite supply potential, Indian edible groundnut exports languished for
decade because of unsteady production and lack of government support. F
tunately, through a welcome combination of a pragmatic government attitu
and high farm output, Indian groundnut exports have just started to look
Amongst Indian exporters there is now a rediscovered consciousness that -
must meet the demands of exacting quality standards, tailor-made to suit
specific requirements of individual buyers. However, sorting/grading facilitie
are inadequate, though there is scope for mechanization of various operatic

Production of processed groundnut, such as roasted/salted kernels ¢
roasted in-shell nuts, is low in volume, and exports are almost non-existe
Improvement in the shelf-life of processed groundnut requires attention. Th
is need to propagate virginia-type large-sized groundnut. Recent liberalisati
of seed import for cultivation is reportedly aimed at overcoming the shortage
high-yielding seed varieties. The evolution of varieties resistant to the
latoxin-producing fungusAspergillus flavus will have far-reaching beneficial
implications for India. Quality, including aflatoxin control, is another area tha
needs to be strengthened through education and the adoption of appropri
postharvest  practices.

Introduction

The word "peanut" has somehow come to be associated wstgnificance or trivia. When
one claims to be in the peanut business, people take oreesimall-time trader. Some may

1. Secretary, Indian Oil and Produce Exporters AssocifitOPEA), 78-79 Bajaj Bhawan, Nariman Point,

Bombay 400 021, India.
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even betray amusement or worse, sarcasm. | remembergioftite of one of the promi-
nent exporters of Indian groundnut, there is a caricatieenmonkey (incidentally, peanuts
are also known as monkey nuts) with the caption "We warkpeanuts and we are proud
of it". How very true, sensible, and well informed! No vdem, he is the largest exporter of
hand-picked selected (HPS) groundnuts from India. Theumggdaut business is indeed &
serious one, and can't be treated lightly.

Quality Requirements

Quite contrary to uninformed lay perception, the qualiéguirements for groundnut in the
food market are rather rigid and exacting. Natural ResmiInstitute of the UK Ministry
for Overseas Development lists the following quality uggments for groundnut pods and
kernels:

» pod color and type; size; pod texture; cleanliness;doee from damage, and absence o
blindnuts for in-shells; and

» grading for size or count; shape; ease of blanching; skior and condition; resistance
to splitting; moisture content; cleanliness; oil camt; and flavor; for kernels.

The over-riding consideration with regard to quality istivout doubt freedom from
aflatoxins, the toxic metabolites produced by someirstraf fungi of theAspergillus flavus
group. These are the general quality requirements fobledgroundnut. But users may
demand certain additional attributes, depending ugwn dpecific end use of the product.
To illustrate the rigidity of users' requirements, somehef $alient technical specifications
under which a large groundnut processing factory mdtepurchases are:

Size/Grade: for medium runners - graded between 83 mm &anehii slot screens a count
size of 155-170 kernels 100'g

Aflatoxin: 5 parts per billion maximum.

Moisture: between 6-8% (determination by air oven dgyof ground sample at 130°C for
2h).

Oil Quality: the acid value of cold-pressed oil from kemshall not exceed 1.5, while the
peroxide value shall normally be zero and shall not exde@dnilliequivalents kg.

Edibility: groundnut shall be free from pathogenic organ$ (e.g.,Salmonella, Es-
cherichia coli) and also free from insect infestation, live or dead, arabhe eggs.

Then there are conditions relating to odor and flavorjtspldamaged kernels and
unshelled groundnuts, foreigh matter, and discoloreddwnaiuts.

A well acknowledged attribute of Indian groundnut is original natural flavor, nutty
taste, and crunchy texture. Indian groundnut also hagadively longer shelf-life. There-
fore, with a growing consumer taste the world over for orgdood with natural flavor,
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Indian groundnut should find better acceptance in theoeixmarket, other commerical
terms, such as price, remaining equal.

Groundnut Production

In 1988 India regained the distinction of being the largestducer of groundnut in the
world. The estimated output during the crop year, Novemi@88/October 1989 is, over
7.5 million t unshelled pods. At a shelling percentagé@fgroundnut kernel availability
was an estimated 5.25 million t, up from a mere 3.5 millioernkls in 1987.

India produces two sizes of groundnut kernels - mediumsanall. The medium-sized
kernels, known as Bombay Bolds, generally count 50/55 Kkenper ounce. They can also
be graded to 40/50 kernels per ounce, though availabilithiatsize is not unlimited. The
small-sized kernel called the Java type, is equivalenthe®o WS Spanish or the South
African Red Natal. The generally traded grade of Java i &ernels per ounce. A
couple of other varieties are becoming increasingly papamongst groundnut cultiva-
tors. They are JL 24 and G2. These are spanish-type ketagdgy in size than traditional
Javas, and generally count 60/70, or even 50/60, kernelsyrare.

Quantum of Exports

Export of HPS groundnut from India has been rather ungteading the last few years.
Annual exports averaged some 20,000 t, that too to a steg#nation, the Soviet Union.
It was primariliy because of unsteady production and latlgavernment support that
exports languished. Fortunately the attitude of polimakers in the government has
become more pragmatic.

There is now a commitment to encourage unrestricted égpadvhat is more, fiscal
assistance (at the rate of 5% of the export value) has bemmteg to promote HPS
groundnut export. The Government of India has projectetitthahe terminal year of the
7th Five Year Plan (1990), oilseeds production will reacmiBion t, of which groundnut
will account for 52%, or 9.8illion t. With such a large productiobase,a sizable quantity
of groundnut will be available for export.

On the farm front, the Technology Mission on Oilseeds (TMEonstituted under the
chairmanship of the Prime Minister is providing techrgéal back-up to India's efforts to
boost oilseeds production. In the last 2 years, the TMOdeae commendable work to
increase the output of oilseeds. As a result of past lessndspeesent efforts, India's
groundnut exports have just started to look up. In 1988/88¢rs are projected to exceed
50000t (8% of world trade), over half of which will reachefrmarket countries.

Requirement of Export Markets

Indian groundnut exporters are becoming more alive ¢drnkernational situation. There is
now a rediscovered consciousness of the exacting demdmderseas buyers as to quality
standards. Each groundnut buyer has his own rigid stdedar suit his specific need.
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For preparing export grade edible groundnut, hand-migkind selection through hired
labor is still practised. Although, in the Indian conteRtyman endeavor is worthy of
appreciation and encouragement, the need to instal meaxdiagraders cannot be over-
emphasized. Machine grading will not only be faster andenmeliable, but hygienic.
Optical sorting machines are not used at present, but cedaers have now become
almost indispensable for removing aflatoxin-infestedneds. The harvested crop is al-
lowed to dry in the fields and the vagaries of weather afteetquality.

Mechanization

It is only through selective mechanization that India d@pe to gain the confidence of
international buyers of edible groundnut. It is hoped: ti@ large export potential will
provide sufficient motivation for shellers to build the véed infrastructure. Adequate
storage capacities need to be built up. The use of mechlagryers for reducing moisture
to acceptable levels should be popularized.

Despite the fact that Indian Bolds are ideally suiteddooscessing into roasted/salted
nuts because of their excellent flavor, production of pssed peanut is very low in
volume. The domestic market for processed groundnut hakesut actively promoted, and
exports are almost non-existent. For export of proceggedindnut in consumer packs,
attractive packaging and longer shelf-life are impotteequirements. Packaging costs ir
India are exorbitant. As for shelf-life, exporters shobkl able to guarantee at least 2!
weeks of stable quality from the time of packing. The intggof packing becomes crucial
if the demand for packaged groundnut in the internationalketais to be met by Indian
exporters.

Varieties for Export

For the groundnut market, big is beautiful. Therefore, sldarge-sized varieties need to
be grown for export. The Bhabha Atomic Research CentrecatBry has developed a
groundnut variety called TG 19-A. The pods are large, wiits which count 26/30 kernels
per ounce. Each kernel weighs approximately one g. Theoseidevel in dry kernels is
high at 7%, and the oil content is 47.4%. TG 19-A variety haisyet been released for
commercial cultivation, but based on available informatithere is reason to believe that
TG 19-A can be successfully offered for the export marketeeBers need to develop
varieties with Virginia type large nuts to suit thefdifent agro-climatic conditions in this
country.

In order to regularly service export markets, by far the tnioportant need is for the
propagation of Virginia type, large-sized groundnuts.eT$ize of Indian groundnut is
medium to small, but most consumers abroad are increlysitagcing a fancy to large
jumbo-sized nuts. These large nuts are used as tabdeaharig with other edible nuts like
cashew, almond, and walnut. Jumbo groundnut is generatigepsed into roasted/salted
nuts, or coated with honey, masala or chocolate. Therebocembination of the large size
of the Virginia type, and the natural nutty flavor of thredian Bolds will be irresistible, and
should find ready consumer acceptance.
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There is a special demand for roasted groundnut in-shatfticularly in the markets of
Japan and Singapore. Here too preference is for lampatdn-shells with 12/14 pods pe!
ounce, that is a kernel equivalent of 38/42 counts.

Import Liberalisation

Recently, the Indian Government liberalized its importipp for high-yielding seed
varieties, including those of oilseeds. This was purpdytéd overcome persistent short-
age of quality seedsfor cultivation. The extent towhich this policy will succeed and
continue remains to be seen. | feel, however, in the long there is no alternative to
strengthening indigenous efforts.

Promotion

The Indian Oil and Produce Exporters Association (IOPEAE Government of India
designated export promotion agency for Indian HPS groutsgiwould only be too willing
to assess the suitability of new groundnut varieties Herdxport markets.

In a small way, the IOPEA has started its endeavor to eeldgaimers about sound
postharvest practices in Gujarat, which is the largestugdnut-producing state in the
country. Over 2 000 copies of literature printed in vernacGujarati) language high-
lighting proper methods of handling, storage, and trarnspion were distributed in Sau-
rashtra, prior to the rainy season harvest during Noveni®88. Andhra Pradesh is
another large producer of groundnut but the farmers teraot seem to be as conscious ¢
their counterparts in Gujarat about proper drying, steragnd moisture levels. More
organizations can join the campaign to promote suitalbigtharvest practices, and as
consequence , increase the returns to the farmers.

Research Areas

An areaof research thatvill benefit groundnut export is the developmentadiatoxin-
resistant varieties. The evolution of such groundnutetass will have far-reaching benefi-
cial implications for the promotion of HPS groundnut extpisom India. The lingering
doubt about aflatoxin affliction in India groundnuts candispelled once for all. There is ¢
need to start a groundnut quality enhancement progrant figim the farm level onwards.
As a short-term measure, appropriate postharvest peactinotended to preserve, anc
possibly enhance groundnut quality have to be propag&adners and shelters have to b
educated in proper storing, handling, and transportatiethaus.

A quote | read almost a decade ago is probably as muchargl@ven today.

Food technologists and nutritionists on six continents diseovering that an agri-
cultural commodity which has been relished by practicallff@ms of fowl and domestic
animals, and which abundantly supplied proteins, vitammmerals, and scarce nutrients
to pigs, cattle, poultry, turkey, horses and dogs is a vdtuaburce of food for humans.
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Hardly a month passes without the announcement of a nieaodery for the use of

groundnut as a food item. These range from confectionsenyagroducts, snack items,
peanut flour, peanut milk, peanut icecream, peanut-fledanilk snacks, defatted peanuts
and peanut in breakfast cereals, to peanut protein, pdgmaprotein, peanut protein

isolates, polyunsaturated peanut fats, and dietetic padial foods. Possibly no crop in the
world has the potential of being processed in as many wagsises, in as many products,
as does peanut. The number of groundnut products hasasedefrom a dozen to more

than 400.
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Cereal-based Foods Using Groundnut and Other
Legumes

Bharat Singh'

Abstract. A review of studies conducted on application of flours or conce
trates from groundnut, cowpea, and soybean to improve nutritional chare
teristics of wheat-based bread and cookies, sorghum-baged and sorghum-
based kisra are presented. Acceptable cookies were made from compos
containing 50% wheat, 35% groundnut, and 15% cowpea flours. At this level
fortification, the protein content was 151% higher than the wheat protein co
tent. Acceptable breads using 70% wheat, 20% groundnut, and 10% cow
flour had 70% more protein than breads prepared from wheat alone. T
composite flours had significantly higher amounts of protein, fat, fiber, ar
almost all minerals, and lower amounts of tannins than wheat flour. Cowp
flour and soybean concentrate were used to improve the protein content
sorghum-baseduji, a common food in Tanzania.

There was an increase of 40% protein content in the sorghum-cowg
combination (80% sorghum and 20% cowpea), and a 74% increase in s
ghum-soybean concentrate combination (80% sorghum and 20% soybean ¢
centrate). Kisra is a sorghum-based product, commonly used in the Sudi
Acceptable and nutritionally superior qualitkisra was prepared from sor-
ghum flour fortified with defatted groundnut flour. The addition of defatte
groundnut flour resulted in improvement of baking ease, color, and texture
the final product. The percentage increase in protein content at the 30% leve
fortification varied from 53% to 122%. There were significant increases in &
essential amino acids. Fortification with groundnut and subsequent fermen
tion improved the in vitro digestibility of the sorghum flour.

Introduction

Grain legumes flours have been used since ancient timeey have been utilized in
indigenous foods to (a) extend available wheat grain seppgsupplementation); (b) en-
hance the nutrient values of food products; or (c) to coantethe effects of inherent

1. Professor, Department of Food Science and Animal Intest Alabama A & M University, P.O. Box 264,
Normal, AL 35762, USA.

ICRISAT (International Crops Research Institute for them$eArid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 M&8B,1ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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nutritional inhibitors present in the cereal or legume pRlaurbanization in developing
countries and wheat grain surpluses in developed nati@mve significantly affected the
optimum utilization of grain legumes in indigenous fooH®wever, in recent years efforts
have been made to develop new processing methods to $ecrddization of grain le-

gumes in indigenous foods, especially to reduce the amouwheat imports, and at the
same time to increase the nutritional values of cerealebdgats.

This paper is a review of research completed at A & M Unditgrin Alabama, on the
utilization of grain-legume flours or protein in cerdssed products. The paper includes
data on three different food systems: (1) wheat-baseddiceokies using groundnut, or
groundnut and cowpea; (2) sorghum-basgidusing soybean and cowpea; and (3) sor
ghum-basedkisra using groundnut.

Effect of Groundnut Flour on Baking Characteristics of Wheat Flour

The importation of wheat places a severe strain on thetéichfinancial resources of
several developing countries in Africa. In these cowstrigroundnut cake (after oil extrac-
tion) is available in abundance, notably in the Sudan aethér Sahelian countries. It is
possible that the cake could be converted to flour t@keupent or fortify other flours. The
advantages of developing such a technology are two-ftldould enhance the protein
level in the diet, and reduce food imports. Since cowgeaéommonly available legume,
composites were made using wheat and cowpea flours.
Twelve different composites were prepared using wheatrflov Coker-747), partially

(PD), and fully (DF) defatted groundnut flour (cv Florunpeand cowpea flour (Table 1).

Table 1. Proportion of wheat, groundnut, and cowpea flour in composite flours.

Wheat Groundnut* Groundnut? Cowpea
Treatment (%) PD (%) DF (%) (%)
1 100 0 0 0
2 0 100 0 0
3 0 100 0
4 0 0 0 100
5 85 10 0 5
6 85 0 10 5
7 80 10 0 10
8 80 0 10 10
9 70 20 0 10
10 70 0 20 10
1 60 30 0 10
12 60 0 30 10
13 60 25 0 15
14 50 0 25 15
15 50 35 0 15
16 50 0 35 15

1. PD = partially defatted groundnut with 30% fat level.
2. DF = defatted groundnut with 18% fat level.
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Farinographic studies and proximate analyses were cawigdusing standard methods
(AACC 1962). Minerals and phytic acid contents were detaedi(Singh and Reddy
1977). Tannin concentration was determined by the vanrhldrochloric acid method
(Burns 1971). Trypsininhibitor activity (T1A) and aflatims were determined according to
the AOAC methods (AOAC 1975). Taste panel studies were wated on the bread and
cookies, with the composites being compared with wheatrfiweparations, which were
used as controls.

Bread-baking parameters, such as absorption, optimummygixime, and loaf volume
decreased with increased amounts of groundnut and cowpassfin the formulations
(Table 2). Specific volumes of the bread decreased whenngmu and cowpea flours
replaced wheat in the blends. The trend indicated that thleehithe groundnut content in
the blend, the lower was the volume. The most acceptablelhmaking blend, in terms of
loaf volume, was 85% wheat, 10% PD or DF groundnut, ancc6%pea (Table 2). Taste-
panel evaluations were conducted. Panelists graded thed byet of a possible score of
100. The blends used in this evaluation were those contaieirels up to 30% of ground-
nut and 10% of cowpea flours, as substitutes for wheat flidigher substitution levels of
groundnut and cowpea flours produced doughs that could edialied into satisfactory
breads. At the 10% of cowpea flour substitution level, a pdkavor was detected.

The blends were more suitable for baking cookies than brehdre was little differ-
ence between the diameters of the cookies made from whdatha PD groundnut blends.
As DF groundnut flour was increased in the blends, the diarsebf the cookies
decreased. PD groundnut blends produced cookies with &htjameter than the corres-
ponding DF blends. Results however showed that the DF gmowindlends had

Table 2. Characteristics of most acceptable blends of wakg groundnut, and cowpea flours for bread and
cookie manufacturé.

Specific
Loaf loaf Cookie
Flours (%) volume volume volume Bread Cookie  Protein
W: PD: DF: B(2) (cc) (cc gh (cc) score score (%)
100 - - - 448a3 3.10a 69.6a 76.2d 8.3a* 9.7f
85 10 - 5 371b 2.49b 62.5¢ 78.3a 8.0b 12.3e
85 10 5 339¢c 2.37bc 68.2a 75.1e 7.7c 13.7d
80 10 - 10 320d 2.25¢c 61.6¢ 77.9b 7.5¢ 14.1d
70 20 - 10 310e 2.17d 58.5d 77.0c 7.1d 16.6¢
50 35 - 15 - - 64.1b - 8.1b 20.8b
50 - 35 15 - - 64.7b - 8.1b 24.4a
1. Mean of three replications.
2. W = wheat; PD = partially defatted groundnut; DP = ttieflagroundnut; B = cowpea.
3. Means noted with different letters following are sfgmintly different @ < 0.05) based on Duncan's Multiple Range Test
4. A subjective score was given based on nine panel memBeesks and shred-6; crust color-7; symmetry-7; crumibrel0;

volume-15; flavor-15; grain-20; and texture-20. Tota01
5. Ratings for cookie evaluation were based on nine paeeibers : 04 poor, 5-below average; 6-average; 7-abeage/
8-good; 9-very good; and 10-excellent.
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significantly higher values for volume than the PD blenddheat flour cookies were ratec
the best followed by cookies made of flours with 35% groundamnd 15% cowpea.
Characteristics of most blends for baking cookies andirbpkoread are presented ir
Table 2.

Proximate compositions of individual flours and of thernds used to prepare the mos
acceptable bread and cookies showed that the proteifslavéhem ranged from 12.28%
to 24.40%. As the amount of groundnut flour increased éencthmposites, the fiber and asl
levels also increased.

Among the flours under study, DF groundnut flour had higttarcentrations of all the
minerals except potassium and sodium. Cowpea flour hachthhest potassium content
As the quantity of groundnut and cowpea flours were iaseel in the composites, the
levels of all minerals except sodium increased over thosaioéd in wheat products. None
of the flours had detectable levels of aflatoxin. Phytieddevels were highest in the DF
groundnutflour, followed by PD groundnut, cowpea, and wflear. The composites with
DF groundnut and cowpea flour had significantly higher tphyacid levels than corres-
ponding composites with PD groundnut and cowpea flour. &Y/lih@d the highest tannin
content followed by cowpea, DF, and PD groundnut flourserg were no significant
differences between the tannin levels of the compdbiters. However, tannin levels were
significantly lower in composite flours than in wheat answpea flours. The trypsin
inhibitor activity (TIA) in PD and DF groundnut flours waswer than in wheat and
cowpea flours. Levels of TIA in the composites were lowem in the individual flours.

Conclusion

Groundnut flour after partial or full removal of fatrcée utilized to increase the proteir
content of cereal-based food products. It can be bleachd@chprove acceptability. The
addition of groundnut flour resulted in an increase ofteimp, a reduction of tannins, and
the enhancementf somedesirable minerals. A possible extension of this study be the
fortification of sorghum-based foods with groundnut fidn the Sudan and other Sahelial
countries.

Effects of Soybean Protein Concentrates and Cowpea Flosiron
Acceptability and Nutrient Compositions of Sorghum-basd Uji

Uji is a food product commonly prepared from maize or sorghuainzania. The most
limiting amino acids in sorghum protein are lysine, thri@en and methionine (Paul and
Fields 1981). In addition to its poor quality and low piateontent, sorghum contains
tannins, which decrease the availability of proteins (Glmagt al. 1979). In areas where
sorghum is a staple diet, there is a need to have a nutritior@ovement program on
sorghum. In this study, soybean concentrate and cowpea Were used to improve the
protein quality of sorghum flour.

Nine different composite flours were prepared using bang flour, soybean concen-
trate, and cowpea flour (Table 3). Soybean concentralecawpea constituted up to 20%
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Table 3. Time taken to cookuji with different flour blends.

Sorghum Maize Soybeah Cowpea Time
Treatment (%) (%) (%) (min)
1 100 0 0 0 45
2 75 25 0 0 45
3 50 50 0 0 45
4 80 0 20 0 75
5 85 0 15 0 65
6 90 0 10 0 60
7 80 0 0 20 60
8 85 0 0 15 55
9 90 0 0 10 50

1. Soybean protein concentrate.

of the total composite flour, maize did not constitute mtha@n 50% of the composition.
Proximate composition, minerals, phytic acid, and tanmese determined as described
earlier. Amino acid determinations were made using stahgrocedures. Gelatinization
characteristics were determined by using a Brabenderagngph (AACC 1962).

Uji was prepared by adding 200 g flour to 1200 mL of warm watgte stirring. The
mixture of water and flour was allowed to boil for 45-75 mimpeeding on the composi-
tion of the flour. The cooking time for each composite flanas established after running
several trials. While cooking, two tablespoons of lemwit¢ and three table spoons of
sugar were added to eacli formulation. A panel of tasters consisting of nine staslen
from eastern Africa evaluated the products for their ftadegree of cooking, after-taste,
mouth feel, and consistency.

Sorghum-maize blends afi (50:50 and 75:25) were both rated as highly acceptab
(Table 4). One ofthe reasons for the low rating of cowpeaitgastrong beany flavor.

Table 4. Taste panel results ofiji prepared using various blend5?

Treatment Mean scores Rank
Sorghum:cowpea 188 9
(80:20)
Sorghum:soybedn 2.44 8
(80:20)
Sorghum:cowpea 2.88 7
(85:15)
Sorghum (100%) 3.11 6
Sorghumxowpea 3.33 5
(90:10)

Continued.
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Table 4. Continued.

Treatment Mean scores Rank
Sorghum:soybean® 355 4
(90:10)

Sorghum:maize® 3.77 3
(85:15)

Sorghum:maize 4.22 2
(75:25)

Sorghum:maize 4.88 1
(50:50)

LSD 0.11

1. Values reported are the average values of duplicaeerditation.

2. Treatment with the highest mean score is the most @tdegreatment (formulation) and the treatment (forrialg with
least mean score is the least acceptable formulatioreatnient

3. Soybean protein concentrate.

The starch gelatinization properties of the compositeseve¢udied. The difference in
gelatinization temperatures is due to the size of the sgnahules. A lower gelatinization
temperature in any starch grain would be desirable to redooking time. In this study,
maize and cowpea were found to have lower gelatinizatiorpéeatures, followed by
sorghum and soybean protein concentrate.

The soybean concentrate significantly increased the pratentent of sorghum flour
and lowered tannin levels. However, phytate and mineral$eincreased significantly.
Limiting essential amino acids, including lysine, wergrgficantly increased, and the
increase in lysine ranged from 21% to 35%. The cowpea fl@arialcreased the levels of
essential amino acids and mineral contents, but the le¥ébmoins and phytate were not
reduced. The iron content increased more than 30% in alldimpasites developed from
sorghum and cowpea flours.

Utilization of Defatted Groundnut Flour in Preparation of Sorghum-
basedKisra

Kisra is a thin pancake-like leavened bread made from wholehaongflour. It is the
predominant staple diet of people in the Sudan. In the Swgfmundnut cake (after oil
extraction) is exported. It is possible to convert the dake flour for local consumption.
The objectives of this study were to determine the effecthef addition of defatted
groundnut flour on th&isra-making quality and nutrient composition of sorghum flour.
Sorghum flour was prepared from the cultivar Dabar obtafnewch the Sudan. Defatted
groundnut flour was obtained from aflavored-nuts compggabrook Blanching Corpo-
ration, North Carolina, USA). The starter for fermentaticas obtained from the Sudan in
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a powdered (sun-dried) form and was typical of the localdpct used to makkisra. It is
derived from wild yeasts that occur naturally in fermentedgeum flour.

Fermented dough andisra were prepared in the traditional way employed by the
typical Sudanese housewife. Sorghum flour (90 g) was mixgd water (120 mL) and the
starter (30 g) in a stainless steel beaker. After thoroughimg the mash was incubated in a
fermentation cabinet &2TC for 18-20 h. At the end of the fermentation process tHehpd
reached 3.9-4.0. Just before baking, another 60 mL of wadsr added. The batter was
baked for 1.5-2.0 min on a hot plate at 150-160°C to a $higet consistency. Baking ease
was determined by weighing the residues collected on tifacguof the hot plate after the
removal of the product. Acceptability, color, textured&eeping quality were determined
by a panel of eight members, composed of Sudanese andpiths familiar withkisra.
Proximate composition and amino acids were determinetkasribed earlier, and in vitro
digestibility was determined according to Osilaja (1986)

The effect of various levels of fortification on bakingeasolor, taste, and acceptability
are presented in Table 5. The addition of defatted grounflaur appeared to decrease the
residue and improve baking ease, and hence increase #id wi the final product.
Acceptablekisrawas obtained with fortification up to the 30% level witHateed ground-
nut flour. Taste, color, and texture were not signifitamfluenced, and this may probably
be due to the use of colorless groundnut flour. The keepusdity was reduced after 24 h
at room temperature. Howevekisra is generally used within 24 h after baking. Amylo-
graph curves for the composites showed that the defattedngnut flour decreased the
heights of peak viscosity.

There was a significant increase (73%) in the amount depmoadded by fortification.
The amino acid compositions in the fermented blends arkisia showed that fortification
increased the amounts of all amino acids. The increasthé lysine content was 102%
when fortification was at the 30% level. Fortification asubsequent fermentation im-
proved in vitro digestibility and reduced the leucine/@aline and the leucine/lysine

Table 5. Baking-ease and sensory evaluation kisra from '‘Dabar’ flour fortified with defatted groundnut
flour.

Fortification level Residues on

(% defatted groundnut the hotplate Overall acceptability aftér
flour) (@) Colott  Texturd  Tasté 24 h at room temperature
0 4.10& 4.22e 3.62b 3.58a 3.20a

10 4.08a 4.26d 3.68b 3.52a 3.18a

15 3.88b 4.28c,d 3.69b 3.57a 3.03b

20 3.80b 431b,c 3.75a,b 3.53a 2.78c

25 3.68c 4.33a,b 3.76a 3.56a 2.70c,d

30 3.60c 4.35a 34.03a 3.55a 2.63c

1. Means of 8 individual observations as rated on a hedeale ef 1-5, where 5 = excellent and 1 = very poor.
2. Means of any parameter with the same letter are noffisignily different(P = 0.05) using Duncan's Multiple Range Test.
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Table 6. Ratios of amino acids as quality indices and initvo digestibility of sorghum flour from cultivar
‘Dabar' with indicated levels of defatted groundnut flours.

Leucine/ Leucine/ Pepsin-pancreatin
Sample isoleucine lysine Bt digest (%)
Sorghum flour 4.91 6.13 2.65 66.2
Fermented dough 4.78 5.98 2.62 67.4
Kisra 5.71 6.23 2.65 66.7
10% blend
Fermented dough 4.75 6.16 2.61 67.0
Kisra 5.10 6.55 2.57 66.7
15% blend
Fermented dough 3.96 411 2.55 68.9
Kisra 4.28 3.88 2.49 67.5
20% blend
Fermented dough 3.26 2.84 2.45 69.5
Kisra 3.14 3.25 243 68.9
25% blend
Fermented dough 3.36 2.43 242 70.3
Kisra 3.12 2.84 2.24 68.9
30% blend
Fermented dough 2.74 2.18 2.40 72.5
Kisra 2.69 2.72 2.18 69.7
FAO/WHO(1973) 2.25

1. The proportion of total amino acids (T) that must be Begms essential amino acids (E).

ratios for composite flours (Table 6). It has been sugdetiat a leucine/isoleucine ratio
higher than 3.0 should be regarded as deleterious. Amplgrefortification resulted in the

reduction of the ratio. The proportion of total aminodsci(T) that must be supplied as
essential amino acids (E), the E/T ratio is considered amaity index in the FAO

Provisional Pattern (FAO/WHO Adhoc Expert Committee 397Sorghum flour by itself

seemed to have an acceptable E/T ratio due to its higheinkuand phenylalanine
contents. The 30% level of fortification showed a lower E&Tia. In vitro digestibility was

improved by the addition of defatted groundnut flour.
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Traditional and Potential Alternative Uses of
Chickpea, Pigeonpea, and Groundnut in Myanmar

U Kyaw Shinn'

Abstract. Chickpea, pigeonpea, and groundnut have been grown in Mya
mar since the beginning of the 19th Century. Together, the three crops cc
196 000 ha. Chickpea is a readily available source of protein for daily foc
and is usually served as a soup. It is also used in snacks and dess
Pigeonpea is appreciated for its nutritional qualities and is eaten as soup, |
its mildly unpleasant aroma, and slight bitterness prevent its wider us
Groundnut is a popular source of cooking oil in urban areas. Groundnut
cooked in many ways in the home, and is an ingredient of snack foods.

Introduction

Chickpea, pigeonpea, and groundnut constitute the nlegume food crops in Myanmar.
They occupy 34% of the area under noncereal food crops, amedunt for 47% of

noncereal food crop production. Chickpea and pigeonpatribaite to Myanmar's foreign
exchange earnings, as the country exported 7428 t of chackpd 7912 t of pigeonpea in
1984/85 (Table 1). Groundnut is grown exclusively for nagiloconsumption.

Table 1. Chickpea and pigeonpea exports from Myanmar, 198&b.

Chickpea Pigeonpea
Year () ()
1981/82 3479 6272
1982/83 5005 31119
1983/84 4217 2142
1984/85 7428 7912

Source : Export Division, Agriculture Corporation, Rangom, Burma.

1. Assistant Manager, Agricultural Research InstituteziYie Pyinmana, Myanmar.

ICRISAT (International Crops Research Institute for tBemi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 W89, ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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Cultivation
Chickpea

About 200 000 ha are sown with chickpea annually. The prodncfor 1985/86 was 234
000 t (Table 2). Chickpea is mainly grown as a relay or setiplecrop, with rice. Ifit is
grown sequentially, minimum tillage is usually appliethere are some upland areas
where chickpea follows sesamum and maize, while recentliickpea has been mix-
cropped with wheat and sunflower. Sowing of chickpea onanglfarms begins between
late September and early October, while on rice land itsstartveeks before harvest in a
relay-cropping system and by middle-November to early Ddm in a sequential-crop-
ping system. Wilt disease and pod borer attack are majoblems faced by chickpea
farmers. A yearly decline of chickpea yield on rice landhimajor agronomic problem.

Pigeonpea

Pigeonpea is mainly a dry-zone crop, and is grown mostlyMagwe, Mandalay, and
Sagaing Divisions. The cropping system in some townshipshése Divisions is mostly
pigeonpea based. Local long-duration varieties compag#l with exotic, short-duration
varieties, both in seed size and adaptability. The croppramonly sown either as a mixed
crop or as an intercrop with groundnut, sesamum, and Iduaitgluration cotton. Recently
sesamum, mung bean, and groundnut intercropped with ppig@oare being demonstrated
and advocated for further extension.

Pigeonpea varieties of 90-120-day duration have been dotred during this decade,
but their adoption by farmers has not been widespread.

Groundnut

Groundnut has two cropping seasons in Myanmar. With theetoof the monsoon, the
long-duration variety (bunch type), and the short-dumratiariety (erect type) are grown in

Table 2. Annual sown area and production of chickpea, pig eonpea, and groundnut in Myanmar, 1979-86.

Sown area COO ha) Production ('000 t)
Year Chickpea Pigeonpea Groundnut Chickpea Pigeonpea Groundnut
1979/80 117 55 486 39 20 141
1980/81 165 69 515 103 26 113
1981/82 215 76 598 155 41 122
1982/83 162 70 572 126 34 130
1983/84 220 64 561 173 38 153
1984/85 199 81 649 138 49 143
1985/86 276 83 646 234 53 146

Source : Report to Pyithu Hluttaw 1986/87.
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the upland areas of central and upper Myanmar. Monsoom®oect groundnut is usually
harvested in September, and sometimes in early October.ldteduration variety is
harvested in November and December. The erect type istspasecultivated as a mixed
crop with pigeonpea and sesamum, and followed by sesamuodderf sorghum.

Erect groundnut is widely grown as a winter crop in Myanméer anost of the fertile
areas of the Irrawaddy and Sittaung valleys are inundatethd the monsoon. Sowing is
spread over late October to early December, dependingeoretteding of the flood waters.
Winter groundnut is also grown as a second crop after the ischarvested. Most of the
groundnut produced in Myanmar is from the monsoon crogeitral and upper Myanmar.

Utilization
Chickpea

Main dishes. Chickpea has two major culinary us&hal is boiled in water until soft

enough to be squeezed easily between two fingers. Saltircgakl, and spices are added
and the mixture is cooked over a low fire. When the cookingiegins to smell, the soup
is cooked. The second use isdi®l meal. In this preparatiordhal is first soaked in water

for 6-8 h. Ginger, onion, and tomatoes are fried in oil; sbakeddhal is then added; and
the cooking continued until all the residual water in el evaporates. Just before
serving, spices e.g., cinnamon or caraway seeds are added.

Snacks. Ba-ya-gyaw: Chickpeadhal is cleaned and soaked overnight in water. It is thel
mixed with wheat or rice flour with a little water, made irgmall balls, and fried in a
shallow vessel.

Ka-lapai-gyan-gyaw: Chickpeadhal is cleaned and soaked overnight in water. It is
dried in the shade, and then deep fried. This product is wepprtant, as it is one of the
major ingredients in a commercial Burmese desdeaatphet-thoke.

Moke-hin-ga: Vermicelli soup is usually made with chickpea dhal flouris cooked
with fish, fish vinegar, and monosodium glutamate. Onioimggr, and other ingredients
are also included. This soup with Burmese vermicelli oe noodles is served at food
stalls all over Myanmar. Most Burmese people considerdtrtfavorite snack.

Pa-la-ta or Htat-ta-ya: This breakfast snack is made out of wheat and chickpmar I
fried with onions in a shallow pan.

Ka-la-pai-chaung:Chickpea flour is mixed with wheat flour and shaped intoglothick
sticks, and coated with sugar syrup. The product has beeopogular snack in Mandalay.
To-phu: Jelly-like To-phuis made with chickpea flour or chickpdaal.If dhalis used it
must first be soaked in water and then ground. Grodhadior chickpea flour is mixed with
a small amount of watdill it becomes paste.Additional water is added, and the mixture
is stirred well and filtered through a loosely woven clotiheTiltrate is allowed to settle
down for 15 min, and the supernatent liquid is cooked iottear pan, over a low fire. Salt

and other required seasoning are added before the mlatemas into a jelly.

Hard To-phuis also prepared as mentioned above, but with less water.

Pea Noodle. Pea noodles are mainly made from chickpea. Well-cleahezkpeadhal is
first soaked in water for 24 h, and stirred occasionallywinter, warm water is added.
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After draining, thedhal is ground with a sour starter solution obtained from aviones
batch. The meal is allowed to settle in a small tank andtipernatent liquid is removed.
The residual meal is transferred into a wooden tub. Aftetirgptfor 8 h, the meal is
transferred into a cloth bag, which is hung up to drain outwthter for about 15 h. Then
the material is put into tanks in an air-tight room for sulfumigation, after which the
product is allowed to dry for 2 days, and then sulfur-fustégl a second time. After the
second fumigation, the product is mixed with a sago sotuind extruded into boiling
water. The noodles are taken out of the hot water after 5 wthi@en they are soft and put
into cold water. The noodles are then dried on poles or dryatks for 1 or 2 days.

As chickpea is very expensive in Burma, noodle manufactumix it with cowpea and
pigeonpea in the ratio of 15:15:70 cowpea, pigeonpea,caickpea.

Pigeonpea

Pigeonpea is consumed as soup for lunch and dinner in ruealk.aPea soup is also
consumed, but it is not usually served for dinner. Ruralppe@nd Burmese physicians
value pigeonpea for its medicinal properties.

Pigeonpea can be used to replace some of the chickpeampasite flours which are
consumed as a meal, or used to make noodles or soup. Pigeongpmawback is its
unpleasant smell and a perceptible bitterness. Pigeoispagronomically valuable in the
semi-arid areas as pigeonpea stubble is used as a fuelrobhe left in the soil after
harvesting serve as an organic reserve and passagdsefomfiltration of rain water.

Groundnut

Groundnut is principally used to produce cooking oil, andyoabout 25-30% of seed
produced annually is consumed directly or used as an ingnédn other foodstuffs.

Fried groundnut. Whole seed is fried and stored for sale as an ingredient -
La-Phet-Thoke.Red-seeded groundnut is preferred.

Roasted groundnut. Whole seed is boiled with garlic and ginger, air dried, #&men
roasted in an open pan. The product is then sealed in snaaliplpackages and sold.

Groundnut cake (sweet). Is made from pounded groundnut, and cane sugar or pe
sugar. Sometimes flour is added. Split groundnut and camasses are also used to mak

sweet groundnut cake.

Culinary and salad uses. Groundnutseedis pounded and cookewith onion and toma-
toes for lunch.

Groundnut powder or ground seed. Is usually added to dressing in pickles and salads
the Burmese dishHin-Ywet-Thoke.
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Groundnut oil-cake meal. Fermented groundnut oil cake is mixed with rice, onioms] a
spices.
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Traditional and Potential Alternative Uses of
Chickpea, Pigeonpea, and Groundnut in Nepal

T. Karki !

Abstract. Legumes are a source of protein supply to the majority of tl
people in Nepal. Emphasis has been placed on increasing production of
gumes, notably chickpea and pigeonpea, and oilseeds such as groundnu
their contribution to Nepalese diets. Most of these legumes are consumed in
form ofdhal, and as soup or soup-like products; the green leaves, pods, ¢
tender seeds are eaten as a vegetable. Chickpea and groundnut are ros
deep-fat fried, and salted, and consumed as a snack. Groundnut is also roe
in-shell, and eaten after shelling. Chickpea and pigeonpea are sprouted |
eaten in vegetable soups. A mixture based on legumes and cereals has
developed as a weaning food. Recently, these legumes have been com
with wheat flour and developed into a noodle-like product with attractive col
and taste.

In South Asian Association for Regional Cooperation (SAARC) countri
the use of legumes, cultured with microorganisms, has been limited to a
products (suchas idli, and dosa in India). There is tremendousscopefor
utilization of these leguminous crops by enhancing their flavor and taste, ¢
increasing B-vitamins by selected biotechnological processes that are alre
available in other South Asian countries. These processes help not only
eliminate antinutritional factors inherent in the leguminous crops, but also
increase the nutritional level of the products. Products ltkenpeh from Indo-
nesia, andkinemafrom Nepal, India, and Bhutan must be carefully studie
and future collaborative research activities should be initiated in the region
develop products and recipes suited to local tastes. Other viable collaborai
research actitivies should be initiated to develop highly nutritious extrud
products from these legumes to suit local tastes.

Introduction
Legumes are a major source of nutrients, especially prpte a majority of the people in

Nepal. Due to the varied topography of the country, seveadlitional varieties of legumes
are cultivated in a wide range of agro-climatic zones.

1. Acting Chief Food Research Officer, Central Food Redeaaboratory, Babar Mahal, Kathmandu, Nepal.

ICR1SAT (International Crops Research Institute for them$-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 M&® 1ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.
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Table 1. Production targets of cereals, legumes, and pota  toes in Nepal by the year 2000 *.

Production (x107 t) Annual growth rate (%)
Target Actual Target
Actual® Actual® (1990/2000) (1975-85) (1985-2000)

Cereals

Rice 3796 4312 8651 13 4.8
Wheat 2491 2757 5096 1 4.2

Maize 796 818 1750 5.6 T

Millet 142 126 145 -1.2 0.9

Barley 25 23 35 -0.8 2.8
Legumes 70* 955 247 3.1 6.6
Potatoes 308 387 869 2.3 55

1. HMG, National Planning Commission (1987) Program fafifment of Basic Needs (1985-2000).
2. Average of 1973/74, 1974/75, and 1975/76.

3. Average of 1983/84, 1984/85, and 1985/86.

4. Production 1974/75.

5. Production 1984/85.

A basic needs program has been drawn up with a target of myetté daily nutritional
requirement of 9.43 megajoules caputlay® by the year 2000. In the year 2000, tt
contribution of cereals, legumes and potatoes to enertpkénis projected at 87.3% witt
milk, meat, poultry, and fruits and vegetables contribgtll2.7%. To achieve this goal, th
production ofcerealswill have to be increased by 4.8%, legumes by 6.6%,pandtoedy
5.5% (Table 1). These projections are made primarily s aksumption of increasing
productivity by improved technology rather than by inciegsthe crop area under
legumes.

Legumes are grown over an area of 213 700 ha. Lentil, gessahickpea, horse gram
soybean, black gram, and pigeonpea are important legumésamn also cash crops ir
Nepal (K.O. Rachie and M.D. Bharati 1987). Of the total pratidon of legumes in the
country, chickpea accounts for 17.1%, pigeonpea 6.0%godndnut 1.9%. Theerai and
inner terai are the major legume-producing areas followed by somes haihd valleys
located at elevations up to about 2000 m.

Utilization of Grain Legumes
Processing of Legumes

In Nepal, grain legumes are largely consumed in the forrdhafl. Techniques for dehusk-
ing and splitting of grain legumes are similar to those Hrat practiced in India. On a
home scale, grain legumes are dehusked and split using #uétiomal technique that
involves using dry, moist or wet heat followed by millingarstone mill (quern ochakk).
Losses during milling by this system ranges 10-15%. Theeeafew processing units
established in Nepal using the improved technology dewsldpy the Central Food Tech
nological Research Institute, Mysore, India. However, pmecessing methods that ar
used in Nepal are mostly traditional and very little sdfémtassessment has been made
monitor the quantity and quality of legumes recovered.
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Cereal and Grain Legume Mixtures

Several cereal and legume mixtures have been formulatedpimve the nutritive value of
the product, particularly its essential amino acid cotraion.

A traditional food product calledstamandapga mixture of eight different ingredients)
mainly consisting of two parts cereals to one part leguwi¢b such other taste-enhancing
components as spices, salt, or sugar is very populargshehildren and convalescing old
people. It is an easily digestible product because grame roasted, ground, and fried to
make into a gruel or broth. Rice and green gram are usuaby to make this product.
However, it is also made with chickpea or pigeonpea.

Sprouted Legumes

Quantyis the local name for a dish whose main ingredients ar&exbgprouted legumes.
A mixture of legumes in equal proportions are soaked inewfdr 2-3 days, and germi-
nated. The mixture is cooked to soft texture like a vedetabup after adding several
spices for taste. The vitamin C content is enhanced, anspplous availability increased
by processing. There is also an overall improvement énfldvor of the product.

Masayura

A high protein traditional Nepali curry, made from varsoingredients depending on the
raw materials available in different regions. A combipatiof gundruk (a fermented
product made from leafy vegetables and sun-dried) raagayuracurry is a popular item
in Nepalese diets (L.T. Karki 1986&undrukis a fermented product obtained particularly
from leafy vegetable¢Brassicasp. e.g. Cabbage, Brussels sprouts). It is also driednn su
Thus the driedgundruk and masayuraare cooked as a curry which also contains spice:
salt, and oil as used in curry preparation. This is a typhegpalese curryMasayurais
prepared during the winter season, dried in sun, and sforefuiture use.

Processing of masayura. To one part of soaked (overnight) and ground black gram
chickpea, or pigeonpea, four parts of washed and mincéata&sia roots are added. The
mixture is ground, made into balls and kept at room teatpee for 24 h. This spongy-
textured product is sun-dried for 3 or 4 days preferably amlioo trays, so thahasayura
balls can be easily removed when dry. In the hills, colecasbts or tender stems and
black gram are used fanasayurapreparation, whereas in therai, green gram and ash
gourd are commonly used.

Fuloura is a product similar tanasayura,but of a slightly different composition. It
contains various spices and salt as important ingresliels¢rmentation helps to develop
the typical spongy texture dfiloura. It is deep-fried in oil and eaten, but is not dried or
stored like masayura.

Noodles

Recently, noodles and noodle-like products have beereldped at the Central Food
Research Laboratory, Nepal, using wheat flour as the hadevarious legumes, minor
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cereals like millets, and potatoes as other ingrediertg.main objective of this work is to
identify desirable substitutes in the traditional redpand also to make the product
acceptable to consumers.

Chickpea, pigeonpea, and green gram are the major legusess in noodle develop-
ment. The noodles are composed of flour (66%), legumes §3@&t (2%), gluten (2%).
The ingredients are kneaded thoroughly and then extrudauyua noodle maker (adjust-
able to various sizes). The extruded product is then everigd in the shade.

Other Legume Products

In Nepal, legumes are consumed puffed, deep-fat fried, deted like kinema, and as
soups. However, there is scope for developing extrudedymts based on traditional snack
foods.

Fermented Products

Fermented products likeempehand natto have been recognized as valuable and nutritiot
foods. The fermentation process enhances the availghifiB-vitamins in these products.
Starch is digested by the release of enzymes during featien. Kinema, a product like
natto, is produced in eastern Nepal, parts of Sikkim and Bhutayb&an is the predomi-
nant substrate for the fermentation. However, other leguhiiee chickpea or pigeonpea
could also be used.

Groundnut

Groundnut is an important oilseed crop in Nepal. Howeves,fresent level of utilization
is limited to deep-fat fried snack nuts, roasted in-shet$ nand oil. The utilization of cake
should be explored as this is an important source of protéarious mixes of cereals,
legumes, and groundnut could be used to develop infartdstoo

The Future

Research and development in the following areas desemieus consideration.

» Evaluation and improvement of the existing milling syste

* Investigation of antinutritional factors of legumesehance the uses of traditional and
newly developed recipes.

« Nutritional evaluation of weaning foods based on leguwamed- cereal mixtures.

» Assessment of the nutritional advantages of germinatdoimcrease utilization.

» Exploration of biotechnological processes to improlve nhutrient quality of legumes to
enhance their use in such popular productsidiis tempehand kinema.
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» Development of convenient and nutritious snack foodsanfriegume-and-cereal com-
binations, using extrusion technology.

* Improving the quality of noodle-like products prepafedm legumes.

Collaborative Research

 Initiate collaborative projects to improve the nutoiial and food quality of legumes
notably chickpea, involving institutions in Africa, gbeast Asia, antiCRISAT.

Training

 Initiate training programs to facilitate adoption of apgriate milling technology.
« Provide training facilities on evaluation of grain djing, antinutritional factors, and food
products.
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Asian Grain Legumes Network Activities
D.G. Faris and C.L.L. Gowda

Abstract. The Asian Grain Legumes Network (AGLN) is a research netwol
whose members are scientists and research administrators in Asia, interes
in coordinating their activites on groundnut, chickpea, and pigeonpea. i
major goal is to strengthen the capability of national programs in Asia t
conduct research on these legumes, with an ultimate aim of increasing th
production and consumption in Asia. Its members are drawn from nation
agricultural research systems (NARSs), International Crops Research Institi
for the Semi-Arid Tropics (ICRISAT), other international and regional re
search institutes, and donor groups. The network activities include coordinat
yield trials and nurseries, collaborative research, meetings, monitoring tou
and workshops, training, exchange ofideas, information, technology and ma
rial, and distribution of literature.

The network has a coordination unit that is supported by ICRISAT and
part of the ICRISAT Legumes Program. The coordination unit has develop
strong links between ICRISAT and the national programs of Il countri
through formal Memoranda of Understanding and bilateral work plans. Th
coordination unit facilitates direct contact between national and ICRISAT sc
entists, who carry out collaborative research and activities identified in th
work plan. Contact among national program network members, in AGL
countries and in other regional institutes associated with the AGLN, com
from joint meetings, tours, and workshops sponsored by the AGLN.

The AGLN is interested in studying alternative uses of its crops, particular
pigeonpea in Indonesia and Thailand. The lead role in this work has be
taken by the Australian Centre for International Agricultural Research (AC
IAR), and the scientists and economists in these two countries, with input fr
Regional Co-ordination Centre for Research and Development of Coar
Grains, Pulses, Roots and Tuber Crops in the Humid Tropics of Asia and |
Pacific (CGPRT) and ICRISAT.

ICRISAT's future plans include giving more emphasis to the uses of
mandate crops. For this reason, there should be increased activity within t
AGLN on developing new uses of groundnut, chickpea, and pigeonpea in At
countries. The recommendations of this meeting will influence the nature
these activities, and contacts made here can form the basis for starting r
initiatives.

1.

Principal Coordinator, and Senior Plant Breeder, As@Grain Legumes Network (AGLN), International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT)aténcheru, A.P. 502 324, India.

ICRISAT Conference Paper no. CP 632.

ICRISAT (International Crops Research Institute for tB@mi-Arid Tropics). 1991. Uses of tropical grain
legumes: proceedings of a Consultants' Meeting, 27-30 M9,1ICRISAT Center, India. Patancheru, A.P. 502
324, India: ICRISAT.



Introduction

The Asian Grain Legumes Network (AGLN) is a network thasi@med in response to a
need, identified by legume scientists from national egltural research systems (NARSs
in Asia, to coordinate their research activities on grawidchickpea, and pigeonpea. Thi
paper outlines the structure, states the philosophy, aditdtes the types of activities
associated with this network. It includes a brief listinQtloe network's activities on
research on uses of the three legume crops, as a backgfoupdssible future activities.

Start up

Two meetings at ICRISAT in 1983 (ICRISAT 1984) and 1985 (ISRT 1987a) of NARS
administrators and scientists, representatives fromoreaji and international institutions
and from donors in Asia, and ICRISAT staff identified theeed for more research in Asia
on groundnut, chickpea, and pigeonpea. This includednigsthe major constraints that
needed to be overcome by research to ensure high, stalbidis yiethese crops. In response
to the recommendation of these meetings that a networkrganized to coordinate the
research on these problems, ICRISAT, on 1 January 1986rappoa network coordinator
and provided funds to support his activities.

Objectives

The network's aim is to strengthen the NARSs in Asia to deared on groundnut,
chickpea, and pigeonpea by facilitating collaborativeeegch, and the interchange o
ideas, information, and material between NARS legumendists in Asia and those at
ICRISAT. The ultimate goals are to help farmers in the oegincrease their legume
production, and to expand the use of legumes in the region

The specific objectives of the network are to:

» produce a directory of AGLN cooperators;

» operate an information bank for the cooperators;

* support identification of adapted grain legume lines #m& appropriate agronomy for
their cultivation in each AGLN country;

* promote training of legume scientists from AGLN coues:i and

» foster special research support projects.

These objectives are presently under review as theltredua recommendation by
network coordinators, who met at ICRISAT Center, 15- 1dc&nmber 1988 (ICRISAT
1989).

The core countries ofthe AGLN are Bangladesh, Myanmadid, Nepal, Pakistan, and
Sri Lanka in South Asia, and the People's Republic of Chindonesia, the Philippines,
Thailand, and Vietnam in East and Southeast Asia. Othentc@s in Asia are also
informally associated with the AGLN as needs arise.
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Network Structure and Operation

The network structure is built on strong links between tre NARS and ICRISAT, based
on a formal Memorandum of Understanding (MOU) between eacintry and ICRISAT.
These MOUs are backed up by formal work plans which outllme gpecific annual
commitments to network activities by each party (ICRISABA). These work plans are
developed or reviewed at network meetings held in eachtcp@very year or two. These
meetings also review research progress and identify thd techange initiatives.

The links between the NARSs and ICRISAT are facilitatgdhe AGLN coordination
unit, which is part of the ICRISAT Legumes Program. Thiskéige is also aided by
country-AGLN coordinators, who act as the administratiink between the ICRISAT-
AGLN coordinator and the NARS. Each country-AGLN coordorekeeps track of, and
helps to coordinate AGLN activities in the country whaeeor she is located.

The main function of this structure is to bring into catéde scientists who are AGLN
cooperators in NARS and at ICRISAT so that they can wor&atly with each other. This
can take the form of exchange of ideas and informationmaferial and trials, or of
collaborative research projects.

Another part of the AGLN structure is formed by the regiband international insti-
tutes and donors involved in the activities of the AGLN eTist is very long, but includes
ACIAR, ADB, IDRC, IRRI, FAO, CGPRT, ODNRI, AIDAB, ancPeanut CRSP (see
acronym list at end of paper). These groups have playédhportant role in supporting the
activities of the network. For example, the ADB has preddunding for strengthening
the NARS of Bangladesh, Myanmar, Nepal, and Sri Lanka tinotne activities of the
AGLN.The ACIAR/AIDAB and CGPRT have provided assistaaoel inputs into studies
on the utilization of pigeonpea in Indonesia and Thailar8lO, Peanut CRSP, IDRC, and
ACIAR have provided assistance and inputs into severakigfized training courses
organized by ICRISAT-AGLN.

Contacts between the cooperators in different NARSs avgiged by network activ-
ities such as tours, meetings, and workshops (similarea@tbsent), which bring scientists
together from many countries. These activities provideopportunity for scientists to
share ideas and information, identify priority problemsl éme resources available among
members, and develop plans for collaborative resedrhb.workshops often take the form
of a training exercise where scientists come togethehapestheir data so as to learn and
test new concepts. An example was the workshop on the Aigratology of AGLN
countries, held at ICRISAT Center, 5-17 December 1989 f\aini et al. 1990). At this
workshop participants shared climate and crop data fitoair ftountries; they drew maps
showing the distribution of AGLN crops in their own countand areas that could
potentially grow these crops. Consultant geographeastographers, and agroclimatolo-
gists helped the participants produce these maps. At the sane the participants learned
mapping techniques.

Use of AGLN Crops

Although the research and activities in the AGLN have essed research to improve
crop production, it has been understood that farmers mayp@&dhterested in producing
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these legumes if they do not have an assured market for tpes.cThus there have been
several activities associated with the network aimed tdraeining the potential market for
these crops, and identifying uses of the crops that weatdr to consumer demands. The
best example is pigeonpea in Indonesia and Thailand.

Research on pigeonpea carried out by NARS scientists innksla and Thailand, with
support mainly from ACIAR but also from ICRISAT, demonsga that this crop can
produce high yields in both countries. Adapted genotyaed an agronomic package for
successfully growing them have been developed. Howepigleonpea was not an impor-
tant crop in either country. Therefore, before thiska@e was given to farmers, surveys
were conducted by ACIAR scientists with support from CGPRT ICRISAT (Wallis et
al. 1988) to determine potential markets for pigeonpeaselrch was carried out, again
with support from ACIAR, to develop new uses for this crppsticularly as a substitute
for soybean, which is being imported in large amounts intthomuntries. In Indonesia,
research determined that pigeonpea could be successfsely as a partial replacement for
soybean in makingtempeh;in Thailand, research showed that pigeonpea could led us
economically to replace 30% of soybean by mass in broilerken feed rations. Trials are
presently underway to test these findings and their emdcs at an operational level, and
ICRISAT-AGLN is becoming more involved in the new studies.

The concepts of these initiatives and greater involvam&EnCRISAT-AGLN was
supported in an ODNRI consultant's report (N. Poulter, G0 Npersonal communication
1988).

Other initiatives that ICRISAT-AGLN have been interekie through the Biochemistry
Unit at ICRISAT, include an In-service Training Course Analytical Techniques for
Evaluation of Nutritional Quality of Food Legumes, held @RISAT Center, 1-14 August
1988, with financial support from the FAO through RAS/8220 This training involved
participants from eight AGLN countries. Another activityas the demonstration by a Thai
scientist working in the ICRISAT Biochemistry laborayothat noodles could be made
from pigeonpealhal that were of better quality than those made from mung.bea

The Future

For the future, food scientists in Bangladesh, MyanniNepal, and Pakistan have identi-
fied the need to standardize analytical methods for det@ngiquality factors of chickpea
as a first step to doing collaborative research. Satntin Indonesia and Thailand see a
need to extend the collaborative research already staoedevelop alternative uses for
pigeonpea, for such products #smpeh,flour, starch, and starch products.

We expect that the increasing research emphasibin the AGLN will continue to
identify more uses of groundnut, chickpea, and pigeonWe look forward to your
suggestions and ideas for future research, and plans$earch collaboration among food
scientists. Where these suggestions involve collabosatothe AGLN, the AGLN coor-
dination unit will be glad to consider and implement apprater action to help facilitate
these suggestions and try to help identify necessary sowfcunding.
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Acronyms

ACIAR Australian Centre for International Agricultur&®esearch

ADB Asian Development Bank

AGLN Asian Grain Legumes Network

AIDAB Australian International Development Assistancer8au

CGPRT Regional Co-ordination Centre for Research and Dewe¢nt of Coarse

Grains, Pulses, Root and Tuber Crops in the Humid Tropics of
Asia and the Pacific

FAO Food and Agriculture Organization of the United Nations
ICRISAT International Crops Research Institute for them$-Arid Tropics
IDRC International Development Research Centre

IRRI International Rice Research Institute

MOU Memorandum of Understanding

NARS National agricultural research system

ODNRI Overseas Development Natural Resources Institute

Peanut CRSP Peanut Collaborative Research Supportdogr

RAS/82/002 Technical Cooperation among Developing Coestfor the Research and
Development of Food Legumes and Coarse Grains in the §soand
Subtropics of Asia (FAO-UNDP project)

References

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1984. Grain legumes in Asia:
summary proceedings of the Consultative Group Meeting Asian Regional Research on Grain Legumes
(Groundnut, Chickpea, Pigeonpea), 11-15 Dec 1983, ICRI&Aifter, India. Patancheru, A.P. 502 324, India:
ICRISAT. 98 pp.

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1987. Asian Grain Legumes
Network (AGLN) cooperators report no.l. Patancheru,.A5B2 324, India: ICRISAT. 38 pp. (Limited
distribution).

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1987a. Coordination of grain
legumes research in Asia: summary proceedings of the Resimiv Planning Meeting for Asian Regional
Research on Grain Legumes (Groundnut, Chickpea, and Pemonl6-18 Dec 1985, ICRISAT Center, India.
Patancheru, A.P. 502 324, India: ICRISAT. 86 pp.

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Linking grain legumes
research in Asia: summary proceedings of the Regional meguNetwork Coordinators' Meeting, 15-17 Dec
1988, ICRISAT Center, India. Patancheru, A.P. 502 324 atntCRISAT. 106 pp.

Virmani, S.M., Johansen, C., and Faris, D.G. eds. 199&groclimatological constraints to the production of
chickpea, pigeonpea, and groundnut, in Asia Research tBull® 14. 5-17 Dec 1988, ICRISAT Center, India.
Patancheru, A.P. 502 324, India: ICRISAT.

Wallis, E.S., Woolcock, R.F., and Byth, D.E. 1988Potential for pigeonpea in Thailand, Indonesia and Burme

CGPRT no. 15. Bogor, Indonesia: CGPRT Centre (Regional r@ioation Centre for Research and Development
of Coarse Grains, Pulses, Root and Tuber Crops in the HunojuicBr of Asia and the Pacific). 74 pp.

319






Discussions

« The crop's environment, including growing conditions atsdmanagement, signifi-
cantly influences the flavor and compaosition of groundrame of these environmental
factors can override groundnut cultivar differences. reéhare reports indicating that
larger groundnut seeds have better flavor, but this naedkefr investigation and veri-
fication, as does the association between sugars andrdlawvayroundnut.

* The use of typical to atypical amino acid ratio as an irdireeasure for flavor com-
pounds in groundnut needs further confirmation. The usgasfchromatography and
mass spectroscopy for flavor compounds identificatiors waggested.

» Since over 70% of groundnut produced in India is used fbreasiraction, groundnuts
could potentially be partially defatted and then roastetha taste and texture quality of
these nuts are quite acceptable and comparable to thahaolfewfat roasted nuts. The
economics of the process are yet to be determined.

« Oil that is ultra filtered has better storage qualityd @ppearance. In addition to fatty
acid composition, the other factors that contribute tibebestorage quality of oil, need to
be investigated.

* The unusable oil (slurry) obtained during refining ofwmdnut oil can be used for soap
manufacture.

» Although India is one of the largest producers of growtdthe quality aspect is not
being investigated in detail in many of the institutionsy@@rned with the crop. The
Indian Oil and Produce Exporters Association is keen tdabotate in research to
improve groundnut quality.

* The need to introduce mechanization for selecting betiality groundnut of the hand-
picked selection (HPS) type for the export market wapheasized.

e By exporting 1t of premium priced HPS groundnut contagr50 kg oil, India can earn
$ 650 in foreign exchange which could be used to import Pcheaper substitutes like
palm oil, or palmolein oil. Therefore, economics favor estpaf HPS groundnut, and
jumbo kernels of 40/50 counts and 38/42 counts per ouneeirardemand. It was
explained that counts per ounce zs followed in the trade though mass per seed o
100 seeds is used by the breeders.

+ Edible grade defatted groundnut flour is available iniéndut consumer awareness of
this high protein flour needs to be increased to pronitstatilization.

+ Partially defatted soybean meal can be used to make madd#upts with 30% supple-
mentation. A similar attempt needs to be made for groundefatted flour.

* There was a suggestion that basic and applied researchdste carried out to improve
utilization of groundnut, and the presence and quanftigyottoregens should be investi-
gated in groundnut.

* The shelf-life of composite (wheat and groundnut) flovabsut 3 months. Loaf volume
and specific volume are important criteria for the acaepe¢ of bread made from
composite flour. Supplementation of groundnut flour witheat makes acceptable bread
with no changes in crust color or texture up to the reconted level of fortification.

» Storage of groundnut needs further evaluation, and ffieeteof storage on viability and
dormancy needs to be further investigated.
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* Resistance téspergillus flavusseems to be related to three factors; seed coat resista
to preharvest infection, resistance to seed colonizaténd resistance to aflatoxin pro-
duction. Progress has been made using these three tnatitsebistance tcAspergillus
flavus still poses a difficult problem.

* Regarding the limits to aflatoxin tolerance, it wasatbthat this was a matter of national
policy to be decided by individual nations. Similar to cardine, the restriction of
imports from another country is regulated through theta®an limit empowered by the
concerned nation, and the level varies from 5 ppb in Japa&0 ppb in the UK, and 20
ppb in the USA.
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Recommendations

Group Leader Bharat Singh (USA)

Rapporteurs Manel I. Gomez (SADCC/ICRISAT) S.L. Dwived (ICRISAT)

Participants

J.H. Hulse (Canada); L.A. Hussein (Egypt); G. Chandrasirekh. Pushpamma, and S.S.
Kadam (India); U. Kyaw Shin (Myanmar); R.R. del Rosarioi(lpines); A. EImubarak
Ali (Sudan); R. Jambunathan and S.N. Nigam (ICRISAT).

The group discussed:

* areas of research,
* novel and alternative uses, and
» collaborative research

Area of Research

There were general discussions on various areas of rbsehosvever, few areas were
delineated.

Postharvest quality requirements. It was recognized that in determining quality after
harvest, there is a need to define quality parameters whiatdde easily determined. It is
desirable to work cooperatively with plant breeders andoragnists to determine the
quality of groundnut under two categories:

* In in-shell whole kernels and corresponding quality requirementduisiong pod size
(large i.e., 12-14 pods dz ease of dehulling, aflatoxin contamination, and sensory
quality; uses of hulls and derived products.

* Quality for consumption of kernel as roasted, boiled, dtedagpeanuts.

Quality requirements: Kernel size (>1 g kerfigl

Uniform size and shape

Resistance to splitting

Ease of testa removal

Flavor (Location specific preference to be determined bwséetpanel through sensory
evaluation)

Color (Location-specific preference to be determineatigh national program).

Sugar contents need to be determined as it affects flavor.

There were discussions on consumer preferences, and mdekeands; these should
always be considered.

Processing quality. The requirements for oil extraction are:

« improvement of available technologies for efficientraxtion,



introduction of blanching (skin-removal) step in oilegsing, especially for India,
making groundnut cake utilizable by manually removingldeal or undesirable contam-
inants or foreign matter,

utilization research on supplementing weaning foobiscuits, and other local foods
with groundnut cake flour, food technologists need tostdinthe Protein-Calorie Advi-
sory Group Guideline for maintaining quality,

oleic: linoleic fatty acid ratio to be maintained a8 @or above, and

processed products, the general requirements for pegaasie/peanut butter:

testa separation through maintaining harvesting mequénts (maturity is important),
improvement of peanut butter quality by using the &rig knowledge of peanut butter
processing such as the use of emulsifiers, stabiljzarsd maintenance of required
temperature during processing, and

national programs need to collect data on consumer ngredes relating to taste, color,
and texture.

There were discussions on postharvest handling and stodlagvas recognized that this
aspect is crucial to groundnut utilization and shouldybeen high priority.

Recommended Activities for Future Research

Development of specifications and grades for marketing

Investigations on quality factors controlling resistarto storage pests and molds.
Documentation of available methods including traditiberage methods to provide a
data base within the network systems.

Identify centers which conduct activity in storageemzh e.g., Food Research Cente
(in Sudan), Peanut-CRSP activities in SAT Africa andtBeast Asia, and IDRC.
Include considerations on marketing channels, and coesuwlemands, and acceptance

Research Collaboration

» Participants agreed that food technologists shoulceldgva network to exchange infor-

mation, avoid duplication and define the method of retedor national programs.

« Other institutions such as Central Food TechnologiRasearch Institute, Mysore, Na-

tional Research Center for Groundnut, Junagadh, neegetodentified and invited as
partners/collaborators with ICRISAT.

» Other countries where groundnuts are grown and utilizaich as Mali, Burkina Faso,

Senegal, Cameroon, Nigeria, and Niger, need to be caddnt ICRISAT.
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General Discussion and Conclusions

* The consensus was that production has to be stabilizeddagliate production assured
for finding alternative uses for legumes. Since a varietyses have been discussed, it ic
essential to conduct location-specific studies to assessumers' requirements and
expectations. It was also perceived that there were cec@mimmonalities in consump-
tion patterns which would indicate broad directions foalgly improvement.

* The involvement of and contribution from food technologiswutritionists, and econo-
mists is a prerequisite to finding avenues for crop utilizat In a developing country,
one has to be cautious in commercializing food products mandlving private industry,
becauseof associatectonstraints.Also, the commerciallyprocessedgroductwill cost
more than if it were home made, and consumers may not be alafard it. Govern-
ment legislation has to come early in the development anttetiag of new products in
developing countries, because it takes a long time foitut&inal development, brand
name rights, and related legalities to be finalized.

» The need to differentiate between levels of utilizatiors veanphasized, i.e., the rural/
domestic/traditional level of use and commercial/india$ uses which require different
approaches in terms of quality and technological improvegmki was suggested that the
traditional sector could be served through existing extenservices of NARSs.

* The deficiencies in the NARSs in food technology faciitend capabilities was seen as
a constraint in a national program even though some castparticularly those in
Asia, have well-established food research centers, and/ daniversities in the region
have good food technology departments. It was suggestedirtbernational research
centers could support NARSs through project funding totroperational and research
costs, where NARSs funding is limited.

* The extent of involvement of international agriculturasearch centers in market re-
search depends on the commodity, and how well it is alreathbkshed in a market.
Where markets and consumers are not well understood, eéssential to find out what
they want and what their potentials are, before puttinguress into production and
functional research. It is difficult to make an ad hoc judgatmn resource allocation as
that is really a part of the strategic studies and consiiberat

* There is a need to develop market standards while dev@camy new product, and the
involvement of private industry/sector is as essentialttes regulatory requirements.
Market analysis should consider input and output parasmetethe commodity as these
are part of the food system. However, to what extent theyrerkided, and which ones
are important depends on the purpose and focus of analyaskaging and legal
aspects also need to be investigated while examining maekgiirements.

* Multipurpose pilot plants to develop new processing tetbgies would be useful, and

need to be established.

e It is also important to perceive consumer desires and teeiction, before introducing
any new product. A questionnaire-based survey needs toohducted to understand
both the consumers' response and the potential market.iriMoévement of the private
sector in conducting such a survey was stressed. Themasgrom rural areas needs to
be carefully assessed because of biases and other oveyridimsiderations.
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* An example of how crop research can respond to consuneéerpnces was cited. In
Canada, there is systematic evaluation of wheat vasgte 27 locations, spread over i
period of 3 years. A joint meeting involving various diséngls is held every year.
These meetings are also attended by representatives wf fddllers and companies
involved in crop research. Mexican wheat varieties gaamgptance in India only after
crop scientists were able to improve their yield andldqudy local adaptation.

» Soybean has been used as a casein supplement in the diarstrindSoybean proteins
are different but complimentary to those of milk. Butteidamargarine have similar
flavors and quality. Legume and diary proteins could meikirly combined. Therefore
the functional properties and qualities of pigeonpea dridkpea have to be studied in
relation to those of other legumes so that these legumeswggriement or compliment
existing food products. It was also pointed out that saybresearch is much more
advanced than other legumes and lot of money has been speas®arch on this crop.
For the mandate legumes of ICRISAT, universities caakk up some research project
to develop more basic information.

 Animal feeds and by-products of food processing needetednsidered an important
aspect of utilization.

* There are six centers' including two in Andhra Pradesh, lihae projects funded by
ICAR on nutrition and identifying consumer preference eleteristics of food crops in
India, and ICRISAT could benefit by interacting with teeenters.

* The interaction between breeders, the quality improvemeam, and other disciplines
such as food technology through a networking mechanisas wonsidered a vital
component of the utilization strategy. The objectives afhsa network have to be
clearly identified, and the benefits derived have to leadly spelled out. Country centers
or coordinators should identify the components of intoastry networks, and encom-
pass the efforts of private industry. Peanut-CRSP acéigiin SAT-Africa and Southeast
Asia could be taken up on a collaborative basis betweep cesearch institutions,
funding agencies, and NARSs. The existence of the AsiannQragume Network and
its interaction was mentioned. ICRISAT publishes inteioradl Newsletters for all these
crops, and information on crop utlization could be cominated/shared via these
newsletters.

Concluding Remarks

In his concluding remarks, Dr Nene observed that the a@bsef representatives from
Africa was because of ICRISAT's inability to identify parpants in time. He assured the
participants that where feasible, appropriate actionsldde taken on their recommenda-
tions. Since ICRISAT alone cannot carry out the recommeaods, he suggested a joint
meeting between ICRISAT and ICARDA to identify commonaaréhat could be ad-
dressed, and projects on which the two institutions coadldlaborate. He thanked the
participants on behalf of ICRISAT for contributing toetBuccess of the meeting.
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Appendix 1

Food products mentioned in this proceedings, with desionm.

Local name

Adai

Ashuk

Astamandap

Asure

Azifa

Baladi

Balila

Balilah

Bassaru

Ba-ya-gyaw

Beguni

Description

India: pigeonpea combined with cereals and fermented before
cooking.

Ethiopia: Roasted and boiled faba beans.

Nepal: A traditional food product, this is a mixture of eight differ-
ent ingredients mainly consisting of two parts cereals to one part
legumes, with other taste-enhancing components as spices, salt, or
sugar. This is very popular amongst children and convalescing old
people.

Turkey: A dessert flavored with chickpea.

Ethiopia: A popular dish for fasting days made from lentils. Whole
lentil seed is soft boiled and mashed; it is seasoned with chopped
raw onion, garlic, green pepper, lemon, oil, and salt, and served.

The Sudan: Medium, white flat-seeded variety of bean grown in
the northern part of the Sudan.

West Asia and North Africa: In balila, kabuli chickpea is boiled
and mixed with salt and cumin seed. A wide range of snack foods,
sweets, and savory dishes are also prepared, marketed, and con-
sumed on a small scale.

The Sudan: This is an important chickpea dish prepared by boiling
chickpea in water with salt and sesame oil. It is a very popular,
energy-giving food, eaten especially during the fasting period of
Ramadan.

India: A pigeonpea-based curry eaten with rice and chapathis.
Myanmar: Chickpea dhal is cleaned and soaked overnight in wa-
ter. It is then mixed with wheat or rice flour with a little water,

made into small balls, and fried in a shallow vessel.

Bangladesh: Prepared by applying besan paste to sliced eggplant,
and frying it in oil.
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Beleila
dhurah

Besan
Bessara
Bisi-bele-
bhath
Biteheneh
Bongko

Boot birani

Brubus

Bundia

Burghul
bihomos

Chanachur

Chapathis

Chikki

Cocido

Egypt: Maize kernels are washed and cooked in boilingewa
until they become soft. Sugar, dry raisins, and milk powale
added, together with a flavoring substance, such as lianiThe
ingredients are stirred and poured into special servisped.

India, Pakistan: Whole chickpea, dhal,is ground dry to a flour.

Faba beans are decorticated, boiled in water, sqdeemed pre-
pared as puree.

India: This is a hot, spicy, south Indian dish that combipés
geonpea with rice and vegetables (2:1:0.5 ratio).

West Asia and North Africa: Kabuli chickpea consumed in tt
form of puree.

Indonesia: Ifbrubus (see below) is wrapped in banana leaf an
steamed for about 30 min, it is callddngko.

Bangladesh: Whole chickpea seeds are soaked in waterighérn
boiled, and fried with oil, using salt, onions and chilies.

Indonesia: Made from green pigeonpea seeds mixed wittedjra
coconut, and ground spices consisting of coriander, cacsugar,
salt, chili, garlic and onion. The mixture is then cookedabout
30 min.

Besanis mixed with wheat flour, formed into small balls, friad
oil, and then soaked in a thick sugar solution.

West Asia and North Africa: Kabuli chickpea soaked and éail
and served with steame8urghul (broken parboiled durum
wheat).

BangladeshBesanpaste is fried in oil as flakes, and mixed witt
roasted groundnut, mung bean, and lentil seed.

India: Pancake-like product made of unleavened whedt @her
flours, usually eaten with curry.

India: Very popular product in western India. It is pregdiby
mixing roasted and decorticated groundnut kernels withoa
slurry of sugar or jaggery. The mixture is spread on a aag
after cooling, is cut into small pieces and packed.

Spain: The traditional procedure of cookingcido (boiled chick-
pea) is to soak seeds overnight, and drain off excess watkdi-

tional ingredients, such as pork, beef, and potatobaiéed, and
added to the previously soaked see@scidois modified accord-
ing to regional preferences.
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Couscous

Da'a

Dabo

Dhal

Dhal chutney

Dhokla

Difin

misir wot

Dosa

Eksili corba

Elbet

Endushdush
Fafa

Falafel

Falafel

North Africa: Consists variously of cracked wheat stedmaad
eaten as a cereal or with meat and vegetables as a mainodis
with fruits and nuts as a dessert.

West Asia and North AfricaQadami safraseed (see below) are
ground to a flour and mixed with lemon juice and salintake
da‘a.

Ethiopia: Kind of bread, using split chickpea flour, tsadnd
coriander.

India: Decorticated dry split cotyledons.

India: Made of roasted pigeonpeas, red chillies, gadid ground
with grated coconut, tamarind, curry leaves and salng a little
water.

India: Fermented, steamed product made of ground rice an
chickpea.

Ethiopia: Seewot. This iswotmade from whole lentil.

India: Pancake-like dish made witlhal in combination with ce-
reals, fermented and fried.

Turkey: A chickpea-flavored soup.

Ethiopia: Salt, fenugreek, and water are added to a efixqual

proportions of roasted and dehulled lentil flour antbafebean

flour. A batter of good consistency is made, which isneauinto

boiling water and cooked until it becomes thick. The paste
allowed to cool, and then beatewith a spoontill it becomes
fluffy. It is served as a side dish witihjera together with other
sauces.

Ethiopia: Soaked and roasted faba beans.
Ethiopia: Acommercial weaning food.

West Asia and North Africa: Prepared by soaking andlibgi
chickpea, mashed with hot pepper and herbs, formed sntall
cakes and fried.

Faba beans decorticated, soaked in water, ground, mixi¢k
onions and parsley, and fried in oil.
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Fattir

Foul medamis

Fufu

Ful

Ful masri
Ful Sudani

Fuloura

Gandasturi

Gundruk

Gunkul

Hadji halvahl
Halvah

Halva

Halwa

Holige or
obbattu

Homos

Egypt: Prepared from wheat flour mixed with water, fensexds,
anise seeds, hydrogenated oil, and baker's yeast maite a
dough. The dough is fermented for 2 h, divided into srp#&tes,
and a piece of semi-dry date added to each piece. Thghdau
then baked in a preheated oven (250°C) for about 20 min.

Faba beans boiled in a minimum of water over a gentle fire.
The Sudan: Peanut butter.

The Sudan: Faba bean prepared as a stewed dish.

The Sudan: Broad bean or faba bean.

The Sudan: Groundnut soup.

Nepal: A product similar tomasayura (see below), but of a
slightly different composition. It contains varioupices and salt
as important ingredients. Fermentation helps to dgvéie typical
spongy texture ofuloura. It is deep-fried in oil and eaten, but is
not dried or stored likenasayura.

Indonesia:Gandasturiis made by mixing soaked green pigeonpe:
seeds with coconut sugar and salt. The mixture is cookeatle
into small balls covered with cassava or wheat flour and thied.

Nepal: A fermented product made from leafy vegetables sumd
dried.

Ethiopia: Boiled or roasted sprouted faba beans.

Turkey: A popular dish made of roasted chickpea flour.

Bangladesh: Prepared from dehulled chickpea seeds, hwhie
soaked overnight, boiled, and then made into paste. paste is
cooked with sugar, butter or oil, and aromatic spices.

India: Sweet made of malted and germinated flour.

India: A well known sweet dish in South India. This is a dwee
pancake prepared with cooked split pigeonpeas, jagggwy){
grated coconut, and cardamom powder.

Jordan, Iraq, Lebanon, Turkey: In these pladesmosis a tradi-
tional favorite. Chickpeas are soaked overnight, cagkaushed,
and mixed with sesame seed oil, garlic, and lemon juicee T
creamy paste is eaten as a dip with Arab bread.
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Homos-
biteheneh

Idli
Injera

Kadabu

Kai nok kata
Ka-la-

pai-chaung

Ka-lapai-
gyan-gyaw

Kanom kloke

Kanom saree
Kao kreb
Kavut

Kichri

Kichuri

Kik wot

Kinako

Kinema

Jordan, Iraq, Lebanon: This is prepared by soaking greak,
boiling, cooling, and then blending witiheneh(mashed sesame
seed), garlic, lemon juice, and olive oil. The resultparee is
garnished with black pepper, paprika, and olives, sarded cold.

It is eaten as anezze(starter) dish, or used as a sauce with other
dishes.

India: A steamed fermented mixture of ground rice dhdl.
Ethiopia: A leavened bread made from cereals.

India: Dish where pigeonpea is combined with cereals anc
fermented.

Northeastern Thailand: Fried cowpea paste.
Myanmar: Chickpea flour is mixed with wheat flour and shiape
into long, thick sticks, and coated with sugar syrupe phoduct is

a popular snack in Mandalay.

Myanmar: Chickpealhal is cleaned and soaked overnight in wa-
ter. It is dried in the shade, and then deep fried.

Northeastern Thailand: Charcoal-baked cowpea flouhvsieet
batter.

Northeastern Thailand: Cowpea sponge cake.
Northeastern Thailand: Puffed snack made from cowpear.f
Turkey: Roasted chickpeas, ground and mixed with sugar.
India, PakistanDhal-basedrice preparation.

BangladeshDhal is mixed with rice and cooked, and is eaten as a
main dish with egg or meat curry.

Ethiopia: Seewot. This iswotmade from
split seed.

Japan: Parched soybean coarse ground, dehusked, apty fi
ground. Used mainly for flavoring cakes or snacks, wiigas and
other flour.

Nepal: Puffed, deep-fat fried, and fermented legumes.
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Kisra

Kitta

Klong
kang  klob

Kloy tod

Kollo

Koorma/Kootu

Krob  kem

Laddu

La-phet-
thoke

Lokmet
el-kadi

Masayura

Massoppu
Mezze

Fermented Miso

The Sudan: A thin pancake-like leavened bread made from whole
sorghum flour. It is the predominant staple diet of people in the
Sudan.

Ethiopia: Kind of bread using split pea flour with wheat flour. It is
baked on a hot griddle.

Northeastern Thailand: Boiled cowpea dough in coconut milk.

Northeastern Thailand: Fried banana coated with cowpea flour

batter.

Ethiopia: Prepared from roasted chickpea, lentil, and faba bean.
Before roasting, cooking or soaking is involved. In case of chick-
pea and lentil, the grain is commonly mixed with roasted barley or
wheat.

India: Stew cooked with coconut paste/cream and spices and sea-

soned while boiling.
Northeastern Thailand: Fried crust.

India: Groundnut kernels are roasted and deskinned, the separated
cotyledons are mixed with thick, hot, jaggery syrup. Small por-

tions of the mixture are pressed by hand to obtain balls.

Myanmar: Commercial dessert using chickpea dhal.

Egypt: This popular breakfast dish eaten with milk is prepared by
mixing wheat flour and baker's yeast to form a soft dough and
fermented for 2 h. The fermented dough is divided into small
pieces, then fried in an open pot in very hot oil. The fried product
is usually mixed with sugar before consumption.

Nepal: A high protein traditional Nepali curry, made from various
ingredients depending on the raw materials available in different

regions.
India: Pigeonpea based curry eaten with rice and chapathis.
Jordan, lIraq, Lebanon: See Homos-biteheneh.

Japan: Paste, made from steamed soybean, salt and koji (rice or
barley or soybean grain processed and incubated with Aspergillus
oryzae and Zygosaccharomyces rouxii), and fermented with Can-
dida sp., Pediococcus sp. and other microorganisms. Used widely

for soup, seasoning, and pickles.
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Miso natto

Missi roti
Moke-hin-ga
Muruku
Natto

Nifro

Nohutlu kabak

Nohutlu pilav

Oncom

Pakoras

Pa-la-ta
or Htat-ta-ya

Paneer

Papadam

The Orient: Fermented soybean food.

India: A preparation of wheat and chickpea flour, popular in rural
areas.

Pakistan: Chickpea flour is blended with wheat flour to bake missi
roti, a bread commonly consumed by diabetic patients.

Myanmar: Vermicelli soup usually made with chickpea dhal flour.
It is cooked with fish, fish vinegar, and monosodium glutamate.
Onion, ginger, and other ingredients are also included. This soup
with Burmese vermicelli or rice noodles is served at food stalls all
over Myanmar. Most Burmese people consider it their favorite

snack.

India: An extruded deep-fried product. It is prepared by roasting
chickpea flour, mixing it with sorghum flour, adding chili powder,
salt, cumin and caraway seeds, and making the mixture into a
dough with water. The dough is then divided into balls, that are
formed in a mould and extruded using a special device into heated

oil where they are deep fried until golden brown.

Japan: Fermented whole or split soybean grain, boiled and inocu-
lated with Bacillus natto. Generally mixed with boiled rice and

eaten with shoyu.

Ethiopia: Made from chickpea, lentil, or faba bean, the grain is
either cooked and served by itself, or boiled and mixed with
cereals, commonly wheat. The cooked product is salted and

served hot as a meal or a snack.
Turkey: A sweet squash flavored with chickpea.
Turkey: A kind of pulao, flavored with chickpea.

Indonesia: Fermented groundnut press cake. It is fried in oil or

margarine and consumed.
Pakistan: Snack using chickpea flour.

Myanmar: This breakfast snack is made out of wheat and chickpea

flours, fried with onions in a shallow pan.
India: Cheese made from soured milk.

India: A crunchy side dish made from dhal pastes; eaten usually

with rice.
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Peanut butter

Pencok hiris

Pianjoo
Pilau
Qadami

bisukar

Qadami safra

Qadami
stamboulieh

Qadami
stamboulieh
bimeleh

Quanty

USA: Peanuts are heated to 160°C for 40-60 min. They am th
cooled, blanched and fine milled to paste. Stabilizemsl other
additives are added. The butter is used as spread @d taed in
the manufacture of candy, cookies, sandwiches, etc.

Indonesia: A popular vegetable dish from West Java. Rawngou
pods and fresh seeds of pigeonpea are mixed with grouindssp
chili, coconut, sugar, garlic, salt, fried groundnatl&kencur Ka-
mferia galanga

Bangladesh: Prepared by mixingesanpaste with sliced onion,
salt, and other spices, and deep frying in oil.

India, Pakistan: Spicy rice preparation, often with wagkes and/
or meat.

West Asia and North Africa: Larggadami safraseed are coated
with sugar of various colors, and marketed ggslami bisukar

West Asia and North Africa: Yellow roasted chickpea, paeed
by a more complicated method tha@adami stambouliehor
Qadami stamboulieh bimelehThe seed is sieved and separatec
into two sizes. It is then roasted, placed in wooden board
stored for 1 week, followed by a further week of standing & th
open in a shaded area. These steps are repeated threetimese
After the fourth cycle, the seed is sprinkled with watdipwed to
stand in closed containers for 24 h, then stored in the dped
days. Finally the seed is roasted again and dehulled. Tited f
traces of husk are removed by manually rubbing over a sigtie

a cloth.

West Asia and North Africa: Chickpea seed is wetted witmeso
water, blended well, and allowed to stand for 24 h. Ihentheated
for 5-7 min in a rotating kiln, and then cooled for 2 h, and atbe

for 3-5 min in the kiln. The seed is cooled, and graded imto t
sizes for marketing. At the same time, broken seed isragd

out.

Prepared the same way d3uadami stambouliehbut during the
second heating a saline solution is added. During hgatind
rotation, the seed becomes coated with a thin layer of salt

Nepal: A dish whose main ingredients are cooked sprouted |
gumes. A mixture of legumes in equal proportions arekedan
water for 2-3 days, and germinated. The mixture is coakesbft
texture like a vegetable soup after adding several sfizesaste.
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Rempeyek

Riz bihomos

Roti

Sambar

Samosa

Serundeng

Shimbra
asa wot

Shiro wot

Shoyu

Silio

Soybean milk

Indonesia: Rempeyek is made from mature pigeonpea se
mixed with a concentrated solution of rice flour, egg amdanut
milk. Ground spices — coriander, candlenut, salt and gate
added and then deep fried.

West Asia and North Africa: Soaked boiled chickpea servetthwi
steamed rice.

India: Pancake-like product made from unleavened wheat a
otherflours, usually eaten with curry.

India: A kind of soup using pigeonpea, eaten witlhand rice.

India: Partially refined wheat flour made into a dough, edlland
stuffed with vegetable or meat curry, shaped like a fglapand
deep fried.

Indonesia:Serundengs made by mixing mature pigeonpea see
with grated young coconut, coriander, onion, garlic, cat@ungar,
salt, bay leafgreater galingaletamarind and the mixture is fried.

Ethiopia: This is a popular and unique dish for fasting déyts.
prepared from dehulled chickpea flour. Unleavened smalhds
of different shapes are baked on a clay griddle. The basicesal
(seewot) is prepared and the bread is dropped into the boilin
sauce and allowed to simmer.

Ethiopia: Seewot. With the same basic sauce, flour from roastec
dehulled, and spiced chickpea or faba bean is used as arbicke
and the mixture is allowed to simmer. This is calshdo wot.

Japan: Soybean sauce, made by compresgingpmi (steamed
soybean, parched wheat grain, and salt, and fermentedywoigti
Aspergillus oryzaeor A. sojae, and Zygosaccharomyces rouxii,
Candidasp, Pediococcussp. An indispensable flavor base used fol
many Japanese dishes.

Ethiopia: Split faba bean flour is made into a paste withxdraet

of cooked and pounded sunflower seeds. The paste is mixdd w
mustard, fresh garlic, and rue, and allowed to ferment for63 -
days. It is served as a side dish wihfera, especially during the
fasting period.

Japan: Soaked soybean ground, boiled, and filtered thra@ugh
cloth. Recently used for health drinks. Soybean milk iseterged
and flavored before it is packed and sold.
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Stifled
parathas

Sundal

Taameya

Tako

Tamia

Tempeh

Tempeh

Tempeh benguk
Tempe gude

Tempeh
kecipir

Tempeh kedele

Thovve

Tisqieh

Tofu

NonfermentedTofu

India: Pancakes made from whole wheat flour dough,ewland
stuffed with cooked dhal, salt and spices, rolled agathgmddle
cooked.

India: Germinated and boiled pigeonpeas.

Egypt: Faba beans decorticated, soaked in water, groomxed
with onions and parsley, and fried in oil.

Northeastern Thailand: Steamed cowpea gel with cocoragner

The Sudan:Tamia is made by soaking decorticated dried seed
The seeds are ground to a paste, spices and onion addedeemd
fried.

India: Made with pigeonpea, with or without soybean. Bé&esh
and driedtempehcan be used to make nutritious snacks and cL
ried dishes.

Indonesia: traditional Indonesian food that is commonigpared
from soybeans by fermenting soaked, dehulled, and cbckeds,
with Rhizopus oligosporusa mold that grows not only on the
surface but throughout the seeds converting them intorapact
cake.

Tempehproduct prepared from velvet bean.
Indonesia: Tempehmade out of pigeonpea.

Tempehproduct prepared from winged bean.

Tempehproduct prepared from soybean.

India: Pigeonpea-based mashathal eaten with rice and
chapathis.

Syria: Prepared from soaked whole chickpea which isdxbdnd
then mixed with soaked Arabic flat bread, yoghurt, and @lavl,
and served hot.

Indonesia: Soybean product.

Japan: Soybean curd. Soaked and ground soybean steafhed
tered through a cloth, and the extracted soybean millguased
with CaSQ (and/or deltaglucono lactone, Calil Various food
products, fresh, baked, fried, or frozen are traditibnmade with
it.
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Tofu (curd)

To-phu

Ui

Vanaspati

Wot

Yuba

China, Japan: Groudnut kernels are soaked overnight andhglro
into an emulsion. The fine mash is boiled or steamed and p!
through cloth filters. The curd is precipitated frotime resulting
fluid by adding calcium or magnecium sulfate. The curd ivsér

in soup. The wet curd can be deep fried in oil.

Myanmar: This is jelly-like and is made with chickpea floor
chickpeadhal.

Tanzania: Food product commonly prepared from maize ¢
sorghum.

India: Hydrogenated vegetable oil.

Ethiopia: The basic seasoning ingredients are onion, gaolil,
red pepper, spices, and salt. These are made into a sauadeWh
lentil seed, or split lentil or faba bean seed is cooked irparate
pan, mixed with the sauce,and allowed to simmertill the mix
becomes homogeneous. Different versions of this dish aan |
prepared.

Japan: Soybean milk slowly heated in a flat dish/pan, and tt

solidifying surface film yuba repeatedly skimmed. Fresh and
driedyubais used to make snacks, soups, and other dishes.
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Appendix 2

Only the common names of crops are used in this report. Theyisded here along with

their Latin binomials.

Crops

Common names

Bengal gram, chana, chickpea
Black gram, urd bean
Candlenut

Common bean, phaseolus bean,
navy bean, haricot bean

Cowpea
Faba bean, broad bean

Field bean, hakubenzu bean,
lablab bean

Groundnut

Horse gram

Hyacinth bean

Lathyrus, grasspea, khesari
Lentil

Lima bean

Maize

Mung bean, green gram
Pea, field pea

Pigeonpea, redgram, tur

Latin binomials

Cicer arietinum L.

Vigna mungo (L.) Hepper

Aleurites triloba L.

Phaseolus vulgaris L.

Vigna unguiculata (L.) Walp

Vicia faba L.

Dolichos lablab L.

Arachis hypogaea L.

Macrotyloma uniflorum (Lam.) Verdc.

Lablab purpureus (L.) Sweet

Lathyrus sativus L.

Lens culinaris (L.) Medic.

Phaseolus lunatus L.

Zea mays L.

Vigna radiata (L.) Wilczek

Pisum sativum L.

Cajanus cajan (L.) Millsp.
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Soybean Glycine max(L.) Merr.

Velvet bean Mucuna pruriens(L.) DC. var. utilis
(Wall ex Wt.) Baker ex Burck.

Wheat Triticum aestivum L.

Winged bean Psophocarpus tetragonolobuk.
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Appendix 3

Diseases and Pests

Chickpea diseases

Common names

Ascochyta blight
(Anthracnose)

Black root rot

Botrytis gray mold

Collar rot

Dry root rot

Fusarium wilt

Stunt (CpSV)

Alternaria blight

Collar rot

Fusarium wilt

Phytophthora blight

Latin binomials

Ascochyta rabiei (Pass.)
Labr. (Mycosphaerella rabiei Kovachevski)

Fusarium solani (Mart.) Sacc.

Botrytis cinerea Pers. ex Fr.

Sclerotium rolfsii  Sacc.

Rhizoctonia bataticola (Taub.) Butler
(Macrophomina phaseolina [Tassi] Goid.)

Fusarium oxysporum Schlecht. emend Snyd.
& Hans.f.sp.ciceri (Padwick) Snyd. &
Hans.

Luteo viruses (BLRV, other
luteo viruses)

Pigeonpea diseases

Alternaria alternata
(Fr.) Keissler

Sclerotium rolfsii  Sacc.

Fusarium udum Butler
(F. oxysporum f.sp. udum)

Phytophthora  drechsleri

Tucker f. sp. cajani (Pal et al.)
Kannaiyan et al.
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Rhizoctonia root rot Rhizoctonia bataticola

(Taub.) Butler
(Macrophomina phaseolingTassi] Goid.)

Sterility mosiac (SM) Casual agent not known

Witches broom Mycoplasma

Groundnut diseases
Bud necrosis Tomato spotted wilt virus

Peanut mottle Peanut mottle virus

Chickpea pests
Aphids Aphis craccivora (Koch)

Bruchids Callosobruchus maculatus(Fabricius)
C. chinensig(L.)

Leaf miner Liriomyza cicerina (Rondani)
Pod borer Helicoverpa armigera(Hiibner)
Termites Microtermes sppand

Odontotermis spp

Pigeonpea pests
Blister beetle Mylabris pustulata Thunberg

Bruchids Callosobruchus maculatus(Fabricius)
C. chinensis(L.)

Leaf webber Grapholita critica Meyr.
Helicoverpa armigera (Hiibner)

Exelastis atomosa(Walsingham)
Maruca testulalis (Geyer)

Pod borers

Pod bug Clavigralla gibbosa Spinola
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Pod fly

Termites

Jassids

Leaf miner

Thrips

Tobacco caterpillar

Melanagromyza obtusa Malloch

Microtermes spp and

Odontotermes  spp

Groundnut pests

Empoasca kerri Pruthi

Aproaerema modicella D.

Scirtothrips  dorsalis Hood
Frankliniella  schultzei (Trybom)

Spodoptera litura (Fab.)
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