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ABSTRACT

Background: Pulses are the dried seeds of the Leguminosae family that serve as cheaper proteins, particularly in
developing countries. They contain proteins ranging 20-25%. Pulses play important roles in the farming systems
and in the diets of poor people. They are ideal crops for simultaneously achieving three key developmental goals:
reducing poverty, improving human health, and enhancing ecosystem sustainability. The year 2016 was declared
as the year of pulses by the United Nations. These growing global attentions given to legumes has resulted in
increasing their nutritional and economic desirability.

Objectives: This review presents the potential of pulses processing in Ethiopia for enhanced nutritional and eco-
nomic outcomes. Pulses are important foods and export commodity in Ethiopia, which are exported in unpro-
cessed form, fetching low returns.

Data and discussions: There are advanced but simple pulses processing technologies that include concentrating or
isolation of proteins for nutritional and other uses. Pin milling of legumes and air classification of the flour helps
to obtain protein concentrate of 60-75% purity. Protein isolation by alkaline extraction and isoelectric precipi-
tation results in proteins of 90-95% purity. Legume proteins are mainly globulins and albumins that are nutri-
tionally of great quality. The protein products are being texturized by thermal and mechanical means to make
meat analogues, substitutes and extenders.

Summary and conclusion: Ethiopia being one of the significant legume producers, can benefit from this growing
market by adopting the processing technologies and exporting premium quality plant proteins. This help Ethiopia
satisfy domestic protein needs for child nutrition. This review summarizes the potentials for developing pulses
processing technologies in Ethiopia for better economic and nutritional benefits.

1. Introduction

and Djibouti [4]. Pulses rank second among ingredients in staple
dishes in Ethiopia and are integral parts of culinary practices [5].

Food legumes are the second largest category of food grains next to
cereals. They are the vital sources of protein, calcium, iron, phosphorus
and other minerals and hence form a significant part of the diet of veg-
etarians since the other food items they consume don't contain much
protein [1]. Food legumes complement cereal crops as a source of protein
and minerals while agronomically they serve as rotation crops with ce-
reals, reducing soil pathogens and supplying nitrogen to the cereal crops
[2]. The edible part of food legumes in most cases are the dried seeds also
known as pulses [3].

Ethiopia is one of the major producers of pulses in Africa, although
the processing of these crops are limited to small scale baltinas that
produces some intermediate ingredients of traditional dishes and the
exports are also limited to neighboring countries such as Sudan, Kenya
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However, the processing is still limited to time consuming and health
damaging traditional methods that are gender biased, giving all
the responsibilities of food processing and preparations to only
women.

Although pulses are the major sources of dietary proteins in
developing countries for billions of people [6], the utilization is based
on rudimentary traditional processing technologies which limits their
values and functionalities [7]. The trades of pulses in developing
countries like Ethiopia is limited to neighboring markets that is more
complicated and ineffective. This paper reviews the opportunities for
development and transformation of the Ethiopian pulses sector to
gain better economic and nutritional outcomes at national and
regional levels.
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Economic values of pulses in comparison with cereals
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Figure 1. Economic values of pulses in comparison with cereals in both developing countries and the rest of the world.

2. Importance of legumes
2.1. Economic importance

Pulses are known to have higher market values compared to cereals
and other categories of food crops. Price data of pulses (Figure 1) were
more than double of that of cereals in both developing (DW) and the rest
of the world (ROW) between 1994 and 2008 [2]. The average produce
price of the 15 years was 495.77 and 174.10 US$ for pulses and cereals,
respectively, showing that the economic importance of pulses is almost
three folds of that of cereals. In the year 2014, it was reported that about
77 million tons of pulses were produced globally [8]. This volume of
pulses would generate 61.6 billon US$ considering the maximum price of
800 US$ shown in the Graph (Figure 1) [2]. The major global producer
countries for pulses in 2019 were presented in Figure 2 and Ethiopia was

one of the top contributors [7, 9], ranking the third in Africa (next to
Mozambique and Tanzania). However, technological advancements for
processing and converting pulses into premium products like proteins is
yet in its infancy stage, which limits the economic return for the actors of
the pulses value chains. The limitations in technology supplies and
research and development are more severe in the developing world,
including Ethiopia.

2.2. Nutritional roles

Pulses are important sources of cheaper proteins (compared to meat)
for billions of people around the world [6]. Majority of food pulses
contain approximately 21-25% protein; but having limiting amount of
essential amino acids such as methionine, tryptophan and cystine [6].
Some underutilized species like lupin (which is also grown in Amhara
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Figure 2. Global top pulses producers in 2019 [9]; Ethiopian is among the list.
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and Benishangul Gumuz Regions of Ethiopia [10]), have even higher
proteins (~46%) with higher dietary fibers (~30%) that makes it
extremely important in adult nutrition [11]. Pulses are also known to
complement cereal crops as a source of proteins (limiting essential amino
acids such as lysine) and minerals while agronomically they serve as
rotation crops with cereals, reducing the buildup of specific categories of
pathogens, disease agents (pests) and also supplying nitrogen nutrients
[21.

The high contents of proteins in pulses (Table 1) are known to have
the highest solubility and digestibility compared to the proteins obtained
from other foods like cereals. The reason for the improved digestibility is
because pulses have mainly (70-80%) albumins (water soluble protein
fractions) and 20-30% globulins (salt soluble fractions) [12]. However,
due to slow development of pulse processing technologies, the crops are
not fully utilized and protein-energy malnutrition is still challenging
significant proportions of the populations in developing countries,
including Ethiopia. Although, Ethiopia is producing significant tonnage
of faba bean, field pea, chick pea, haricot beans and lentils [7], the
sluggish development in the value addition aspect is hindering the
country from gaining enough.

2.3. Environmental sustainability

Legumes (pulses) are known to play multiple roles in environmental
and agricultural sustainability [19]. The most popular role of legumes
(pulses) is its natural ability in nitrogen-fixation (converting atmospheric
nitrogen into plant nutrient) with the help of microorganisms in the soil
[20, 21, 22]. The use of pulses as rotation crops with cereals is therefore,
a natural and cheap method of maintaining soil fertility in a sustainable
farming systems. This will cut the heavy application of chemical fertil-
izers that would have inflated the production cost and also have negative
consequences on the environmental sustainability. The rotation of pulses
with cereals also helps in preventing buildup of pests that attack certain
group of crops and this also helps us avoid heavy application of chemical
pesticides. The production of pulses in agriculture for both human foods
and animal feeds is both nutritionally, economically and ecologically
appealing.

3. Opportunities for legumes research and development in
Ethiopia

Pulses production for food, feed and industrial raw materials in
Ethiopia is done in a comprehensive way, where specialized varieties
suiting best to the different purposes are yet to be developed. There are
some researches that reported canning quality of some pulses in Ethiopia
[23], which should be given due attention and worked on intensively.
Some experiences, reports and biological resources might be obtained
from neighboring African countries like Kenya, where the canning vari-
eties of beans are excelled and established [24, 25, 26, 27, 28]. The fact
that Ethiopian pulses are not yet developed for different processing ap-
plications, presents a great opportunity for research and development for
the national legumes and pulses program.
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3.1. Improving varieties

Researches on the development and release of new varieties in Ethi-
opian breeding programs are focused largely on the enhancement of the
agronomic performances and yield targeting household consumption and
export markets for the unprocessed grains [29, 30, 31, 32]. Researches on
pulses breeding should focus on traits relevant to food processing and
applications to complete the value chain packages. Pulse Breeders and
Food Scientists should design research goals and work together to ach-
ieve impactful results. Canning varieties of different beans and green
peas; roasting varieties of chickpea, field peas and broad beans for the
application of shiro stews, and splits (kik); fast cooking types of lentils for
whole as well as split application in traditional Ethiopian misir kik stew
and soup making should be lines of specialization, all with improved
protein and mineral levels as traits of focus for future breeding en-
deavors. The combined breeding and value addition research programs
should also focus on such traits as kernel softness (fast cooking, [33]) and
reduced hardening on storage (hard to cook phenomena, [34]) for
application in dry milling in extraction as well as concentration of pro-
teins as premium commercial ingredients for the healthy food industry
(detail is presented under section 4.2).

3.2. Selection of processing technologies and optimizations

Most pulses-based staples in Ethiopia are almost exclusively pro-
cessed at home or at a cottage level small industry usually known as
baltinas [35]. For instance, the preparation of intermediate ingredients
like plain (nech/alicha) or seasoned (mitin) shiro flours [36]; splits (kik)
from either lentils and peas are made either at every household level or
by small scale women or youth groups at a very small scale with ineffi-
cient energy, labor and time utilization, resulting in substandard and
sometimes unsafe products, with insufficient returns. There are no
ready-to-eat foods prepared from pulses except few snacks mixed with
micronized/roasted and dehulled barley kollo, which are usually dry and
hard to chew. Researches focusing on developing and or testing pro-
cessing technologies to improve the cost of production and product
desirability need to be encouraged. Indigenous technologies need to be
mechanized into an effective mass production set ups to save time, en-
ergy and minimize cost of doing businesses, hence maximizing economic
return to encourage the players.

3.3. Setting standards and specifications

Many pulses-based traditional dishes in Ethiopia do not have speci-
fications and standards and quality control is extremely challenging.
Researchers in the universities and research institutes need to work
closely with the Ethiopian standards agency to characterize traditional
foods and set specifications for commercial level production and mar-
keting. Out of many traditional staples in Ethiopian food culture, only
injera from tef has a specification on ingredients, processing, composi-
tion and microbial safety aspects [37]. Other important main and side
dishes as well as snacks need to be adequately characterized and stan-
dardized for commercial scale production and marketing. This would

Table 1. Protein levels (ranges and averages) for major pulses commonly produced and consumed in Ethiopia.

Pulses types Protein levels (%, db) Reference Major food uses
Range Mean

Faba beans (Vicia faba) 18-31 24 El-Sherbeeny and Robertson, 1992 [13] Stews, snacks, mixing with
cereal based foods

Field peas (Pisum sativum) 20.2-26.7 23.3 Wang and Daun, 2004 [14] Stews, snack,

Chick pea (Cicer arietinum) 18.8-28.0 25.8 Kharkwal, 1998 [15] Snacks, stews, textured pieces

Haricot beans (Phaseolus vulgaris) 22.5-27.1 25.7 Siddhuraju et al., 2002; Mengistu, 2020 [16, 17] Snack, main dish with routs
and cereals

Lentils (Lens culinaris) 18.1-32.7 22.4 Kumar et al., 2016 [18] Stews, soups, snacks
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benefit the country by creating additional jobs, making it easier for
nutritional enrichment (fortifications) and safety control activities. The
mechanization of making traditional foods and commercial level pro-
duction will also save the time and health of our women [38], and help
them do more economical activities like petty trade, field works and
schooling for young girls. This in turn helps achieve better gender
equality and equity by freeing women from routine responsibilities of
cooking family foods.

4. Processing technologies for legumes
4.1. Primary and secondary processing techniques

Primary processing techniques for food pulses include cleaning (wet
or dry), drying, husking (dehulling), splitting, winnowing, separation
and packaging for use as intermediate ingredients in either home pre-
pared or industrially processed ready-to-eat (RTE) foods. Secondary
processing operations may also be applied for various reasons either at
industry or household processing scales. Some of the popular secondary
processing unit operations include [39]:

e Sorting by screening to classify seeds based on physical parameters
like size, density, color and soundness for separation of defective and
broken kernels or for better and uniform processing [39].

e Soaking pulses in either plain water, acid or alkaline solutions [40]

can be used to either soften the seeds for further processing (cooking,

roasting, wet milling), or accelerate sprouting or dehulling processes,
leaching out of antinutritional agents or multiple of these effects.

Blanching or wet heating to inactivate lipoxygenase enzymes that

causes undesirable beany flavor when used in foods [41].

Cooking (boiling) to soften the kernels and enhance its palatability is

done either at commercial or home preparation levels. Th cooking of

pulses is usually used as a mean of preparing RTE products and should
be done with the application of sensory improving spices and some
application of oils like in the case of the preparation of hummus in the

Mediterranean food cultures.

Roasting is also done for the same effect as in the case of cooking but

when a richer flavor and other sensorial attributes like texture and

mouthfeel are of higher importance.

Germination and Fermentation are also used in certain Asian food

cultures (as in the Korean bean sprouts [42] and African fermented

bean preparations such as afitin, iru and sonru [43].

Milling and screening are also common unit operations in the pro-

ductions of pulses based raw or roasted flours like in the preparation

of shiro, an intermediate powder for the preparation of popular

Ethiopian staple sauce (stew).

Canning is probably the oldest and the single most common com-

mercial processing and preservation techniques for pulses (cooked or

green beans and peas) [44]. Canned pulses make important part of all
meals as side dishes in western food cultures.

All sorts of pulses processing (primary and secondary) for either
commercial or household utilizations are at a scale of non-existence in
Ethiopian scenario [38]. Grain pulses are exported to neighboring
countries like Sudan, Yemen, South Africa, and United Arab Emirates
(UAE) without processing with minimal return to the producers, traders
and the country [7]. If Ethiopia has to benefit from the pulse production,
processing technologies like canning and other advanced value addition
operations (Section 4.2) are of paramount importance, sooner than later.

4.2. Advanced processing techniques

Advanced processing technologies developed for pulse grains in-
cludes the extraction of premium components like proteins and their
application in novel food products. Production of other byproducts of
economic importance including hydrocolloids such as locust bean gums,
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starch and edible oil are also included. The following sections present the
details of advanced pulses processing, their major products and their
applications in food industries, nutraceuticals and pharmaceuticals.

4.2.1. Processing technologies for producing protein concentrates

Pulses are known to have higher kernel hardness than cereals and
require special types of mills for converting them into flours. Impact
milling types such as hammer and pin mills are suitable technologies for
milling pulses [45]. Protein concentrate production makes use of pin mill
(Figure 3) followed by air classification (Figure 4) of the flour into
fine/lighter components (proteins) and coarser/denser components
(starch) [46]. The process may follow a double milling stages (Figure 5)
to maximize the protein recovery. Protein concentrates produced using
this technology gives commercially viable products (Figure 6), with
protein contents ranging from 60 — 75%, with the remaining portions
being starches [46]. The protein recovery rate may depend on the type of
pulses and efficiency of milling as well as that of air classification.

The technology required for the production of pulse protein concen-
trates makes use of pin mill and cyclone type air classifier (Figure 4), both
of which do not require heavy investment. This means that the pin mill
and air classifiers of medium capacity can be purchased by small busi-
nesses and run with minimal cost in Ethiopia. For instance, a medium pin
mill (Figure 3) costs about 25,000 to 30,000 USD [47] and a simpler
cyclone air classifier often with a simple mill (Figure 4) costs less than 20,
000 USD [48]. Pea protein concentrates extracted from Canadian yellow
pea (from Prescribed for Life Co., Figure 6) [49], having 80% pure plant
protein on amazon costs about 27 USD per kilo. There have been growing
demands for animal-based proteins with increasing world population,
but due to the potential of intensified animal breading to increase
greenhouse gas (GHG) emission, which is resulting in increased demand
for plant-based proteins [50]. This presents great opportunities for
Ethiopia (one of significant producers of pulses), to benefit from the
increasing global demand, if the agro-processing sector for pulses can be
given due attention and development is achieved.

There are numerous research outputs on the production and charac-
terization of plant protein concentrate [46, 52, 53]. It is also believed that
many studies are underway to optimize processing conditions and costs
for proteins from different plant sources. It is therefore, recommended
that Ethiopian pulses development program have strategies in place to
benefit from these ample opportunities.

4.2.2. Processing for protein isolate production

The pin milling technology discussed under section 4.2.1 above can
also be coupled with other chemical techniques and produce a more
concentrated protein product, also known as protein isolates. The milled
flour is defatted (oil separated for food or other industrial uses) and the
flour is made to suspend in water (1:5, flour: water ratio (Figure 7). The
suspension is allowed to soak in alkaline solutions of a pH ranging from 8
to 11 for a period of 30 min to 3 h [46]. Since majority of the proteins
dissolve in the alkaline pH ranges [54], the alkaline soaking helps in

Figure 3. Medium capacity pin mill for pulse grinding.
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Figure 4. Air classifier with a tea pulverizing mill on the left.
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Air Classifier

Air Classifier

Figure 5. Production of protein concentrates using pin mill followed by air classification; based on information from: [51].

dissolving majority of the albumin and globulin proteins to separate from
the starch matrix. The solution is centrifuged to separate the starch and
then the pH is changed to acidic range (<4.5) to bring the proteins to
their isoelectric points to precipitate from the solution. The precipitated
proteins are separated from the solution by centrifugation, which can
also be completed by a spray drying to give fine protein powder of
90-96% protein purity [46]. This protein products are of high value and
commercially available as sports supplements (Figure 8).

Protein isolates obtained from pulses are known to have undesirable
beany flavors that limits their uses for consumption as such in supplements
and food ingredients [55, 56]. There are opportunities for research on
improving the sensorial properties of plant proteins and increase their
relevance as premium food ingredients. The improvement of pulse flavors
might be part of the national pulses research and development in Ethiopia.

4.2.3. Uses of protein concentrates and isolates

Pulse proteins obtained either from pin milling and air classifications
(section 4.2.1) or as pin milled alkaline solubilized and centrifugally
separated from starch and isolated by isoelectric precipitation are well
characterized [57, 58, 59, 60] and used as premium ingredients in the
production of novel food products by further processing into meat

analogues from wet extrusion (protein texturization) [61, 62] as vegan
and vegetarian meat. Meat extenders [63, 64] to increase the protein
body of some skeletal muscles of chicken were also of popular applica-
tions which have shown promising results. Texturized (heated and
extruded) soy protein products like Tasty® and Sossi® Soya (Figure 9)
are becoming popular in Ethiopian food cultures as vegetarian meat
substitutes during fasting seasons for the Christian families. Protein
concentrates and isolates from different pulses, usually soy bean are
extruded and cut into pieces of different sizes and shapes to give dried
textured proteins that can be used as meet substitutes [65, 66, 67, 68,
69]. This processing technology is already in Ethiopia, but this sector
needs to be given attention and support to develop and produce for
export markets.

The textured proteins are marketed as dried pieces that are readily
hydrated and converted to different meet analogue-based products, some
of which include vegetable meat extenders in burger patties improving
textures and flavors as well as health of consumers [70]. The textured
pulse proteins can also be used in any application mixed with or totally
substituting beef or chicken meats. Textured pulse protein pieces, can for
instance, be instantly hydrated, seasoned and applied on pizza as top-
pings [71].
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Figure 6. Pea protein concentrate with 80% pure plant protein as a direct
supplement or bulk ingredient in healthy food preparation.

4.2.4. Non-conventional pulses processing technologies

Non-conventional (advanced non-thermal processing) technologies
have great potential to improve the shelf life and sensory acceptance of
pulse-based food products. Advanced processing technologies that
employ high pressure (HP), pulsed electric field (PEF) and ultrasound are
being extensively investigated for use in food processing (preservation)
applications [72] and can be considered for pulses processing. Lip-
oxygenase is an enzyme responsible for strong beany and/or grassy flavor
in pulse-based foods. Alhendi et al. [73] demonstrated that effective
lipoxygenase inactivation in soy beans by pulsed light was achieved, that
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Figure 8. Pure protein isolates available commercially for various applications.
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Figure 9. Texturized soy protein pieces becoming popular in Ethiopian market:
Tasty Soya® (left) and Sossi Soya® (right).

also improved the sensory acceptability of the products [74]. Gamma
irradiation applications were also used to inactivate lipoxygenase,
trypsin inhibitors and raffinose family oligosaccharides, while improving
the sensorial acceptance and nutritional quality of beans [75, 76]. Mi-
crowave treatments were also shown to destroy lipoxygenase enzymes in
beans [77, 78].

Application of pulses in diverse food uses might also be innovated as a
non-convential means to increase the nutritional benefits of pulses in the
community. Coupling of pulses with fermentation and other food
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Figure 7. Production of protein isolates using alkaline extraction followed by isoelectric precipitation.
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preparations with known health beneficial outcomes is of high priority to
add values to pulse-based products. Fermentation of beverage milk from
chickpea and faba beans was characterized to be acceptable, presenting
an alternative to soy bean milk replacers [79]. The non-conventional
processing technologies could be adopted in the efforts of value addi-
tion to pulses and pulse products (protein isolates and concentrates)
focused on in this review article. The new technologies would change the
production and utilization of pulses in Ethiopia for a better nutritional
and economic outcomes.

4.2.5. Effects of processing on nutritional quality of pulses

Pulses are known for their supplies of proteins and dietary minerals.
The major importance of pulses is generally, their protein contents,
which is also the focus of this review. Conventional processing technol-
ogies, such as thermal treatments as in cooking, is known to improve the
solubility and digestibility of proteins, but may result in leaching out of
the mineral constituents. Starch digestibility is also increased as a result
of the different processing techniques, but no change is expected on the
other proximate components of pulses. Comparing the conventional and
advanced (non-conventional) technologies, it is recommended that the
advanced technologies are known to result in better nutrient retentions
[80], but the effect on the protein digestibility and bioavailability is yet
to be discovered [81]. Differences in the protein quality of pea was re-
ported as a result of processing methods (conventional heating versus
microwaving) [82]. Many research showed the positive effect of
advanced processing technologies on reducing the levels of antinutrients
(trypsin inhibitors) [75, 77, 78], but more research are required to
establish the effects on the digestibility and biological values of pulse
proteins. The effects of the non-conventional processing techniques on
the yield and quality of protein concentrates and isolates, as well as their
processed ready-to-eat products require research focuses.

5. Economics of pulses processing in Ethiopia
5.1. Economic analysis of pulse protein isolation and concentration

Pulse's production is a cost-effective activity for it requires less
agronomic inputs (nitrogen fertilizers), because pulses are nitrogen fixers
by nature. The non-food biomass residues of pulses are rich protein
supplements for farm animals, which is of great economic benefits.
Processing of pulses into proteins is a cost-effective technology that re-
quires only a medium sized pin mill and air classifier with no sophisti-
cated mechanical or chemical technologies. Production of pulse protein
isolates (premium quality plant proteins) requires additional but cheap
chemicals for pH adjustment together with containers (vats or tankers)
and a medium-sized centrifuge. Other equipment sets for cleaning and
packaging might also be needed, all of which require fairly low capital
investment, compared to the expected high return from the global de-
mand for the final products. The major focus of this review article is to
introduce the pulses value addition (processing), which is the major
missing element in Ethiopian setting. The economic benefits of pulses
protein isolation and concentration is promising [83], which is a real
potential for significant producer countries like Ethiopia. Both the mill-
ing and air classification require electric energy that is from hydroelectric
generations, in the case of Ethiopian scenario, which in relation to the
Grand Ethiopian Renaissance Dam (GERD) is expected to boost the
economy, while still ensuring environment friendly energy alternative
[84]. The increasing global demand for plant protein concentrates and
isolates will also present great opportunity for Ethiopia as one of the top
three producers in Africa and top ten globally [9]. The development of
pulses processing sector is also expected to influence the employment of
many youths in the country and stabilize the economic progress and
peace. Value addition to pulses will also benefit the small holder farmers
and traders. The investment in the pulse's protein production is expected
to be a successful venture as some products such as meat analogues are
already in the market (Figure 9) for over a decade now.
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5.2. Investment modalities for Ethiopian pulse

In order to excel the pulses business and the businesses to create ca-
pacities to support research and development in their favor, there are
multiple ways the sector can be transformed into. One of the models is
the small and medium businesses development where government and
non-governmental development agents can present financial and tech-
nical supports to youth and women groups as an employment opportu-
nity. Another modality could be capacitating farmers associations and
unions to work in the pulses production and processing export marketing.
Private companies could also invest in the sector at large scale either by
obtaining financial resources from local banks or by mobilizing monetary
funds via selling shares. The commercial level production and processing
of pulses for export markets is a viable and promising venture as there has
been a growing global demand for plant-based protein ingredients in the
diets of the millennial consumers. Ethiopia cannot afford to waste ample
opportunities at hand, waiting for international investment to come and
develop the pulses sector.

6. Challenges and opportunities for advanced and feasible pulses
processing in Ethiopia

The major challenges in adopting the advanced processing technol-
ogies are limited experiences of mechanized level of production of pulses-
based staples and commercial products in Ethiopia [38]. Availability of
seeds and development of new ones with desirable end-use traits is
already challenging [35, 85] and development of new ones will definitely
take time. The commitment and attention of the government and the
private investment sectors is also of importance. Development projects by
development partners and NGOs should also focus on the development of
processing technologies for pulses and other grains.

It is expected also that fragmented land tenure in Ethiopia presets
challenge to mass production of pulses with consistent quality traits at
reasonably stable prices. Other socio-economic challenges related to
gender balance and equity was reported by [86] in Ethiopian pulses
development as part of the experience of Ethio-Canadian development
project focusing on chickpea value chains. The recommendation is that
all the stakeholders in the pulses values (researchers, government, pri-
vate sectors) pay attention to the pulses to better serve the income and
nutrition objectives.

7. Summary and conclusions

Legumes are important sources of cheaper but quality proteins for
the populations of developing world. Pulses are also increasingly
becoming important and preferable sources of proteins for the pop-
ulations of the developed world. This presents great development op-
portunities for pulses producing countries like Ethiopia. By improving
the varieties in terms of nutritional and processing functionalities of
the different species of pulses and adopting advanced, but feasible
value addition technologies, Ethiopia can benefit from the expanding
global markets of pulse proteins. Production of protein concentrate
simply by mechanical means and protein isolates using a combination
of mechanical and chemical procedures for export markets is a prom-
ising investment opportunity for Ethiopia. This can also contribute to
the national effort of irradicating protein-energy malnutrition in young
children by supplying cheaper proteins from domestic markets for the
production of good quality complementary foods. Improvement of
traditional dishes and their processing technologies to enable a
mechanized scale of commercial production can also come along the
pulses research and development endeavor. It is therefore, recom-
mended that researchers in the breeding programs and processing for
value addition areas come together and work hand in hand to redefine
the focuses of the national pulse development programs for a greater
national goal.
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