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RESEARCH AND POST-PRODUCTION SYSTLIG

Joseph H. Hulse
Director, Agriculture, Food and Nutrition Scilences
International Development Research Centre, Ottawa, Canada

ABSTRACT. Considerably more resources, scientific endeavor and
general attention have been given to agricultural production systems than
to post-production (or post-harvest) systems in developing countries,
particularly in the seml-arid regilons of Africa, Asia and the Near East.

The post-production system begins at the time and place of harvest
and continues until the harvested product has provided nutritional benefit
to the consumer. Post-production systems may be relatively simple, where,
for example, on subsistence smallholder farms, the producing and consuming
family are one and the same; or exbtremely complex,wherein the harvested
product passes through a series of channels and agencies which conserve,
transform, market, distribute and use the product in a final form
gignificantly different from the one harvested.

Wherever the post-production system lies within the spectrum of
varylng complexity 1t must be studied as a total system, not as a series
of isolated or discrete components. The latter style of approach has
been responsible for many attempts to transfer non-transferable technologles.
It is argued that while scientific principles are universally applicable and
transferable, many technologies, particularly those based upon biological
materials, are not. Biological technologies are invariably affected both
by the prevailing physical and socioceconomic enviromuents. Consequently,
biologically based technologles which embrace virtually all post-production
technologies must be elaborated from basic principles, at the place where
they are to function and in close cooperation witi those who are to use and
benefit from the technologies.

It is believed that useful lessons can be learned by students of
post-production systems from the methodologiles of the farming systeuns
research studies. at the international agricultural research centres (IARCs).
The International Rice Research Institute's (IRRI) Cropping Systems Program
is an example of a thoughtful and imaginative approach to agricultural
systems research.

The following text draws most of 1ts examples from post-production
systems applied to cereals, food legumes and ollseeds in the semi-arid
tropics (SAT), with specific illustrations from projects supported by
the International Development Research Centre (IDRC). The basic philosophy
and recormendations for a systems research approach apply equally to all
other food sources and the by-products derived from various stages of
processing and use. Particular emphasis is placed upon the nutritional
needs of consumers, particularly those who constitute the rural and urban
poor, since 1t is for thelr physiological, social and economic benefit
that all food production and post-production systems have reason to exist
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Finally, it 1s proposed that greater attention be given to research
management and the training of managers and directors of agricultural
systems research, particularly those called upon to direct post-production
research or agro-industrial development in developing countries.

The evidence presented in several papers to this symposium and 1n other recent
publications bear ample testimony to the remarkable stimulus that modern agri-
cultural research has given to food crop production in many developing countries.
Much of this research and 1ts consequences has 1ts origin in the family of IARCs
supported by the Consultative Group on International Agricultural Research (CGIAR).

At the outset, may we of the IDRC add tribute to and encourage continued
support for the remarkable increase 1n agricultural productivity that has resulted
from the work of the IARCs. Unfortunately, their contribution to the technologiles
of production has nowhere been matched by comparable advances 1n post-production
systems research.

POST-PRODUCTION SYSTEMS

Relatively little attention has been addressed to the fate of food crops 1in
developing countries from the time they are ready for harvest untll the time they
reach the consumer's meal table. This sequence of interdependent events from
harvest to consumer constitutes the post-production system, a system that varies
greatly in 1ts degree of complexity, dependent upon the prevailing social, economic
and physical enviromment. It 1s to the post-production system that this paper 1s
addressed. The subject has been discusced 1n other publications: Hulse and
Pearson (1979), Hulse (1978), Forrest et al. (1979), Spurgeon (1976) and GASGA
(1978).

The organizers of this distinguished Conference proposed originally that the
subject of thils discussion be "Technology Transter in Post-llarvest Systews'. For
reasons 1t 1s hoped will later become evident, the subject was changed to "Research
and Post-Production Systems".

It is often stated that post-production, or post-harvest losses, may be as
high as 30% of the harvest. If this is so, a 50% increase in production is
necessary simply %to replace what 1s lost between the harvest and the consumer.
It is possible that the concept of post-harvest loss contributes to the cause.
People in general, and supporters of 1nternational agricultural research in
particular, appear more attracted by research to increase production than research
to reduce post-production losses. Iven the most ilmaginative minds appear to find
it difficult to accept that two negatives make a positive: that by reducirg
losses, one effectively increases productlvity. Perhaps it would te mcre &arzeelling
1f the negative concept of reducing post-harvest losses were repleced Ty 1le moTe
positive objective of creating more efficlent post-producticn sysiems.

The subject of post-production systems, particuleri)y in relstiase e
harvest losses, has been comprehensively reviewed eni prioritiss Jof #wha
recommuended in a recent publication rrerered cosjerativeny &y WWWWWﬁﬁ
:)TQ,\ L g

erevoliszs (GLSZL

et et o e oo s 8 o Bt b - < it B 1 N e e ———




J

The scope of different post-production systems varies greatly in complexity.
In the simplest subsistence systems, the crop 1s grown, harvested, threshed, stored,
processed and eaten by a single rural family. Among the highly developed agri-
cultural economies, many more people and much greater investments and energy are
consumed in the post-production systems than in the production of food crops.
The Canadian food and agricultural system absorbs about 16% of our total national
energy consumption. At present, about 80% of all food consumed by Canadians
requires some post-harvest energy input. Clearly the big users in the Canadian
food chain are the food processing industries; the following belng the approximate
proportions used by the various sectors: agricultural production 18%; processing
and packaging 32%; transportation and distribution 20%; and home preparation 307%.

Post-production research 1s of essence systems research, yet the components
call upon many disciplines, from the physical, bilological and social sciences,
together with a comprehension of all the social, economic and physical environments
by which the post-production system is conditioned and constrained. Throughout its
comparatively short life, 1t hzs been the purpose of the Agriculture, Food and
Nutrition Scilences (AFNS) Division of IDRC to sitilmulate a more acute awareness
of the importance of a total systems approach to post-production technological
improvement.

Many instances exist in which post-hurvest losses have increased and
inefficiencies have been aggravated by projects that have sought to modify a single
component of a post-production system out of context to the whole and to the
environment in which the system exists. A grain dryer or storage facllity suitable
for wheat in Manitoba or Minnesota may prove disastrous for rice in Malaysia.

Transfer of Technology

One could present a weary litany of misfortunes resulting from an unwarranted
and overly optimistic expectation of the transfer of technology. Technologies
based upon bilological principles are invariably difficult and often impossible to
transfer from one environment to another. On the other hand, fundamental
biological principles, in common with all scientific principles, are universally
applicable and transferable. Consequentiy, 1t 1s the beliefl of my colleagues in
IDRC that all post-harvest systems and the technologiles of which they are composed,
must be developed wherever they are to be applied and in close cooperation with
the rural people who will use and benefit from them. It 1s a sine qua non that
the first essential in the development and elaboration of any technological
component of a post-production system 1s a clear ldentification of those by whom
the system will be used and those whom 1t seeks to benefit.

Crops of the Semi-Arid Tropics

Though the people of the semi-arid tropics (SAT) may derive thelr essential
nutrients from a wide range of food sources, 1t 1s evident that the overwhelming
majority rely upon cereal grains and food legumes for most of thelr calories and
protein. There exists a substantial volume of published literature on the breeding
and agronomy of cereals and legumes relative to grain yield and chemical
composition. In contrast, relatively little is to be found on what determinable
factors influence post-harvest stability, nutrient availability, and such useful
properties as milling quality and cooking characteristics.




Vogel and Grahem (1979) describe some of the many ways in which sorghum and
the millets are processed and consumed among rural communities of the SAT. They
emphasize the need for plant breeders to galn a better understanding of the
ultimate consumers' concepts of quality and acceptability, a subject which will be
addressed in greater detail later in the text.

Given the location of this Conference, 1t may seem almost f{rivolous to cbserve
that for most of the SAT energy remalns a primary resource constraint in all post-
production systems. Fnergy, whether human, animal, mechanical, solar or from
some form of converted biomass, 1s essential for threshing, drying, processing and
distribution. Probably more than 50% of the total energy used by rural populations
in developing countries is for cooking, most of which derives from forest biomass
or animal dung. Consequently, in any post-production system the availlability and
cost of energy will inevitably prove to be the primary constraints to a happier
quality of life.

Post-Production Systems in the SAT

Because of the immense diversity of traditional and adopted practices that
exist, 1t 1s i1mpossible to present a codified post-production system that applies
throughout the rural communities of the SAT. Tigure I presents a familiar, though
oversimplified, sequence of components that relate particulerly to cereal grains
and food legumes. Though these have been discussed in greater detail elsevhere
(GASGA 1978 and Forrest et al. 1979), each will be briefly discussed in sequence.

Though each of the components referred to in Figure I is discussed as a
separate component, it cannot be too greatly emphasized that the examination of
any one component must be preceded by a detailed study of the system as a whole
whether 1t be a simple subsistence system or a complex system involving many rural
cultivators, a cooperative or state purchasing and marketing organization, one or
more primary and secondary processors, and/or a marketing complex that serves rural,
urban, local and distant individual consumers and institutional and commercial
users. All too often post-production research and development has proved more of a
hazard than an asset by an over-simplistic concern with single components rather
than a systems research approach.

Organization of the Text Presented

Following the brief review of the individual components of the post-production
system, there will be a discussion of a somewhat neglected aspect of the
subsistence grains: thelr physical, technological and nutritional properties.

It cannot be too heavily stressed that every component in the post-harvest sequence
of cereals and legumes 1s dependent upon and affected by the physiological,
blophysical and biochemical properties of the grain in addition to the physical,
economic and soclal environments in which the post-production system has its place.

The text will be illustrated by various projects that IDRC 1s assoclated with
in a number of countries.




RURAL MECHANIZATION

In most countries of the SAT, where the poorest people 1n the world are to be
found, the principal cereals, sorghum and the millets, are usually harvested by
hand cutting. A study in Uganda (Vogel and Graham 1979) indicated that between
50 and 70 man days per hectare are required to harvest millet; another IDRC
supported project revealed that many West African women spend about 10 hours every
day in collecting wood for fuel, in drawing water and in grinding grain by hand.

The breakdown of an African woman's typical workday includes:

Hours per Day

Obtaining water 1 - 13
Wood collection 13 - 2
Processing of graln
(dehulling - grinding) i
Meal preparation 3
Field Work varies with season

The Senegalese women average a minimum of 70 hours per week of hard physical
labor (Yaciuk and Yaciuk 1980). The demands of dailly chores involving water,
fuel, processing, meal preparation and working in the field leave little time for
self or child education, artisan work, visits or leisure time, which are important
components of the lifestyle of more privileged people.

There can be no doubt that some degree of appropriate mechanization of the
post-production system would greatly benefit many of the people of the SAT
countries. Certainly this is true of cereal grain milling, a facility for which
many African women expressed a need 1n order to be free of the drudgery of hand
pounding and liberated for more rewarding activitiles such as tending kitchen
gardens and raising small animals.

Many subsistence farmers lack the available capital or credit with which to buy
even the simplest machines. Nevertheless, progress 1s belng made 1n providing
efficient mechanization through cooperatives and multipurpose machinery.

In Egypt, the Beheira Lngineering Corporation, a parastatal organization,is
developing a mechanized system for small farmers in which a single lightweight
10 hp diesel engine provides power to a series of speclally designed threshers,
drills, planters, sprayers and pumps and also to a general utility transport
vehicle (Stanley 1979). This kind of mechanized system shows great promise for
smallholder farmers in the SAT who work on 1.0 to 1.5 ha of land. Elsewhere
simple hand wheel or bicycle operated threshers are also finding acceptance.

Some countries have encouraged the adoption of short stalk sorghums that can
be combine harvested. However, in many countries, particularly those where forests
have been largely destroyed, long sorghum stalks are essential resources for
fencing, thatching and firewood. Consequently, IDRC is supporting close to 20
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social forestry projects 1n the SAT countries of Africa where sorghum and pearl
rillet are the principal food crops (Sanger et al. 1977).

CROP DRYING

Most fresh plant and animal tissue (except for fully ripened seeds) contains
from 753 to 95% moisture. To minimize deterioration, the moisture content must be
reduced to a safe level as soou as possible after harvest. In additlon to 1ts
influence upon stablility in storage, moisture content affects virtually all post-
harvest operations. No matter what method of harvesting 1s employed, drying of
the crop to a moisture content ideally no higher than 12% 1s desirable before
threshing and storage. Though higher yields of graln per hectare may result from
a larger and more compact head on a short straw, many of the traditilonal sorghum
varieties in West Africa tend to be open pvanicle that in general are easler to sun
dry and thresh.

During sun drying, while the solar radlation causes the molsture to evaporate,
it is the wind that carries the moisture away. Conseguently, suflflcilent alr space
must be provided in the stacked grain to take maximum advantage of the prevalling
winds. GCenerally, stacks 2 to 3 m high and 0.6 m wide can be used to dry most
crains in the SAT. The bundles in the first row are stacked with the heads faclng
out of the stack (i.e. bundles are placed tail to tail); the second row is laid at
right angles to the first row, and the third in the same manner as the first. This
pernits uniform alr circulation while holdinsg the grain in place. Bfficient drylng
improves product guality by protecting the grain against subseguent mould infection
and damaged kernels, which are more difficult to process in elther mechanical or
manual milling.

In many countries, the most common method of drylng crops is simply to spread
them on the ground and expose them to the sun and the wind. This, unfortunately,
is often a hit or miss process and has the disadvantage of exposing the grains to
attack by birds, rodents, flies, moulds, and other undesirable contaminators.

There exist considerable unexplored opportunities for improving systems of
drying all manner of edible crops throughout the troplcal developing regions.
Consequently, over the past several years, IDRC has been actively supporting
research into on-farm and farmer-cooperative crep-drylng facilities. This tLype of
drying facility 1s seen as a priority, because lack of transportatlon facilities to
bring the produce to more centrally located, large-scale drying facilities 1s
frequently a major constraint in the post-production system. The small on-farm or
rural cooperative-oriented graln dryers must be of simple design, employing
irexpensive technology, and capable of being manufactured and maintalned from
raterlals that are both locally available and within economic reach of the small
farmer or rural cooperative.

As an example of applying scientific principles to a simple technology, a
sclentlst in West Africa determined the zenith angle of the sun and the prevalling
direction of the wind for all times of the year for an extensive farming regilon
where sorghum, millet and cowpeas are the principal crops grown. From the data
collected, it 1s possible to construct simple graln drying racks that obtain
waximum advantage of sun and wind 1n the drying process. To galn maximun benefit
of solar radiation and prevalling wind, grains and other foods to be dried can be
stacked, as described earlier, on simple tilt racks.




IDRC-financed projects are developing large-scale solar grain dryers in Igypt;
farm-level solar grain dryers in Thailand, Sierra Leone and Higer,; and mechanical
crop dryers in Guatemals, India, Indonesia, Korea, the Philippines and Thailand.
Among the diverse systems under study, a variety of renewable fuel sources have
been successfully employed. One type of flatbed dryer, suitable for threshed rice
and other grains, may be constructed of relatively inexpensive materials. In
addition to using solar radiation, the dryer 1s equipped with a fan and a burner
that can be fueled by diesel fuel, kerosene, straw, rice hulls or wood shavings.

THRESHING

Threshing grain in most SAT countries involves either beating the heads with
sticks on the ground or in sacks or by means of a mortar and pestle. The time
required to thresh the grain was found, in most cases examined in Africa, to be
related to three principal factors: the structure of the plant; the degree of
dryness of the heads; and the method of threshing used. Average time spent per
day to thresh grains, in a study undertaken in Senegal, was 1 to 2 hours.
Jdormally 25 to 35 laborers were required to thresh about one half hectare of
sorghum or millet (Vogel and Graham 1979).

In those regions of Senegal where the loose panicle types of sorghum
predominate, threshing by pounding 1s a relatively easy operation: conseguently,
few rural people are prepared to pay for their grain to be mechanically threshed.
If end when higher yielding sorghum types with tighter hezds gain acceptance,
consideration may well have to be given to simple inexpensive mechanical grain
threshers to be made available on a community basis.

While the common practice in many SAT countries is to store sorghum and
millet on the head and thresh as needed, repcated storage tests in Senegal have
shown that when properly dried and stored, the quality of threshed grains cxcceds
thet of grains stored on the head. In general, unthreshed grains suffered greater
losses due to insects and mould.

By considering some general gulidelines when threshing, it 1s possible to
improve the yield and efficlency of the threshing process: (1) the hecads should
be threshed on mats, not on sand, gravel, or stones; one recommended method is to
thresh on adove or cement blocks; (2) the grain should have & maximum molsture
content of 12% when threshed as this reduces the possibility.of mould development
and damaged grains during subsequent storage; (3) genecrally speaking, vitreous
endosperm types of sorghum are easier {o thresh than those with starchy endosperms
which tend to give rise to a higher proportion of shattered grains; and (4) grains
should be threshed soon after harvest to reduce field exposure to insects, birds
ana rodents.

The difficulty of transferring technology, particularly in the form of a
machine, is well 1llustrated by the experience in a project supperted by IDRC in
the Hear Bast. The project's hoped for technology is a multifaceted small farm
mechanization system in which a range of machines is operated from a single 10 hp
power unit.

A thresher developed for smallholder mechanization was discovered in Asia and
it was believed 1t could be easily adapted to serve the purpose of a multicrop




thresher in the illear East. Because of the Near Eastern farmers' different demands

and conditions, the thresher that proved highly successful 1in Asia in fact reguired

almost total redesign. Under the prevailing conditions, with a heavier work load,
metal fatigue and cracking of the frame occurred. Furthermore, the Near Lastern
farmer required the cereal straw to be chopped finely to be fed to animals. The
short, fine, cut straw accumulated and choked the sleves and the grain blower and
carried with 1t unseparated seed. The net result was a higher operating and
maintenance cost with a much lower rate of throughput.

Modifications included reducing the clearance between the fixed and moving
rnives. The sieve design was changed to improve seed separation from the fine
straw. The fan housing was divided into two sections each with a separute ailr
irlet to allow for a higher air speed where the fine straw was accumulating. A
straw walker was added to the top of the sieve to 1ift off the longer straw. The
loss of seed was reduced by lengthening the sleve, lowering the eccentric speed
by 307 and by adjustment of the sieve slope. Lowering the eccentric speed
significantly reduced the rate of metal fatigue and cracking in the frame.

Following these modifications extensive testing among several villages,
including detalled economlic analyses, revealed that the redesigned and restructure
thresher was more efficient and economic than the traditional threshing practices.

d

Those who pursue the brave new world of improved technology do nol always stop

to examine what the farmer has learned over many centuries of trial and error.
liermetic storage, though not by that name, was known to farmers in what is now
Saudi Arabia more than 5,000 years ago. Nevertheless, traditional processes can
be made move efficient and effective by systematic study and the application of
Lasic scilentific principles.

The length of time the harvested food crop is stored may vary from a few days
up to many months. Storage may be required only until the crop is sold to the
operator of the next stage in the food system, or the crop may be expected to

provide the basic food supply for the farmer and his family for perhaps nine wonths,

Furthermore, some carry-over between crop years 1s desirable as an insurance
against poor harvest in succeeding years. Consequently, reliable storage systems
are necessary to preserve quality characteristics acceptable to the Tarmer, his
family and whoever else will purchase and use the grain.

A study in Senegal (Yaciuk and Yaciuk 1980) found on average that each fanily
had four children and that overall, about elght pecople ate together in a single
household and that, assuming no losses, each family would need a store ol at least
600 kg of cereal in order to survive until the following harvest. Of the 625
families interviewed who stored millet, ouly 16.8% stored 1n excess of one tonne
and the data in general revealed that 1n several areas severe food shortages
frequently appeared before the next harvest.

In this study of T34 farm families in eight main regions of Senegal, carried
out during 1976 and 1977, more than 76% considered their facilities were
insufficient for the storage of an adequate stock of subsistence grains.




Few components of the post-production system provide more impressive examples
of unreasonable and unfortunate reliance upon the transfer of technology than the
storage of food grains. One could present a weary litany of underground storage
systems that could be filled, but without mechanlcal power could not be unloaded;
of devices that relied upon a hermetic seal that was difficult to maintain intact
(as mentioned earlier, ancient farmers of the region were famillar with the
practice of hermetic storage in whichi an airtight bin 1s Fi1lled with dry grain
and sealed whereupon the carbon dioxide of resplration asphyxlales all stages of
insect metamorphosis); of metal silos that in the open sun turned into pressure
cockers; of storage bins, warehouses and godowns located at sites too far distant
and without transport facilities to convey the grain from the farms they were
intended to serve.

Several proposed methods place heavy rellance upcn chemical pesticides farmers
can ill-affeord. Many of the misfortunes caused by 1ll-conceived transfers of
technology are the products of well meaning but 1ll-informed bilateral and
multilateral donor agenciles; agencles that did not seek first to study the systenms
already existing before trying to import or transfer a new storage technology from
elsewhere.

The tropical environment combined with the physical limitations of some of the
traditional structures used for crop storage often account for the high losses of
crops during storage. Nevertheless a critical assessment of the comparative
advantages and limitations of traditional structures and methods will often reveal
thelr potential for improvement at reasonable cost and with a minimum requirement
for chemical control methods. IDRC is supporting several projects in which the
first concern 1s to assess thoroughly what are the relative advantages and
shortcomings of traditional systems and by what means these may be economically
improved by changes in grain handling and stabillizaltion through the addition of
locally available materials. Projects in this category include research into the
use of vegetable 0il coatings on the grains, or mixing with ash, sand, salt,
insecticidal leaves, and other materials in the treatment of storage of crops 1in
Ghana, India, Malaysla, Senegal, Thalland and Upper Volta.

The use of sand and other abrasives scours and impairs the waxy chitinous
layer that surrounds the insect's abdomen and causes 1t to die by desilccaticn.
Several naturally occurring plants possess preservative properties as do certailn
vegetable olls when applied to grain surfaces.

It has also been found in West Africa that provided the grain is first
adequately sun dried and tightly packed into the traditional woven crib, the
storage life is equivalent to that of grain stored in much more expensive
facilities based upon designs lmported from developed countries.

To ensure satisfactory graln storage three varlables must be controlled:
moisture, temperature, and oxygen. These variables can be controlled by efficient
grain drying, adequate construction of the storage bin, and the observance of
certaln storage precautions.

In general, the larger the bin the more efficlent the storage because the
bulk of the grain is insulated to a greater extent from changes in outside
conditions, provided the grain 1s cool when the bin is filled. Ideally, a bin




should be about equal i1n height and width to provide optimum conditions of grain
temperature and ilnsulaticn. If the width is much greater than the height, the
resultant higher temperature variations cause condensation that gives rise to
gradients 1n moisture content, with subsequent grain losses due to mould growth
at the polnts of highest moisture content.

In a structure with an open weave the outside ambient temperature and the
temperature of the graln will be closely similar; especially when the grain is
stored on the head. Solid-wall bins of woven structure reinforced by mud provide
better insulation from outside air temperature and thus malntain lowel temperature
gradients within the grain.

Installation of a large roof with an overhang over the bin or crib greatly
reduces the fluctuations in graln temperatures with changes i1n ambient day and
night temperatures: the shade provided by the overhang prevents direct heatiiy
of the storage bin walls by the sun. Steel or other metal storage bilus are
generally not recommended because of thelr rapid absorption and conductance of
solar heat. Cfeveral instances have been reported in which metal bins filled with
grain and exposed to direct sun have assumed the nature of pressure cookers, the
rmoisture being driven from the periphery to the centre where the molsture content
reached a level high enough to steam cook the grain.

It 1s generally recommended that bins be filled early in the morning when the
air temperature and humidity are lowest. Because insecis are usually found in the
alr space, on top of the stored grain, limiting the amount of alr in the storage
container by packing tightly and filling to the top will help to control insect
infestation. The grain should therefore be stored dry and threshed, and packed as
tightly as possible into the storage container, eliminating any free alr by mixing
the grain with sand or ash. As mentioned above, sand and abrasive ash also serve
to disrupt the insect's protective waxy outer coating. Studies in Senegal have
indicated that satisfactorily dried and threshed sorghum and millet stored admixed
with 30% sand incurred fewer losses than grain stored unthreshed, on the head.

In ligeria, much of the sorghum and pearl millet is stored ags unthreshed heads
in solid-wall dried-earth rwnbus employing elther of two procedwes, jefe or kimshe
Jefe is used for short-term storage and the bundles of sorghum and millet arc
rerely thrown into the rwnbu and arranged in layers. For storuage of 3 to & years,
the kimslie nethod is used. Here the bundles are dismantled as they are put in the
wmbu and are then packed in layers. When the rwnbu is full the mouth is sealed
with clay. 1o local insecticides are used on the grain but sometimes the stews of
a Tleshy, Juley,xerophytic plant (tuniya) are used for protection against rodents.
These stems muay be built into the foundation when the rwnbu 1s built, orv
alternatively placed on the floor.

In a study in West Africa of traditional graln stores in comparison with
silos constructed of concrete blocks, 1t was found that provided the grain was
adequately dried, cocled and tightly packed, as described above, the traditional
store of woven grain stalks reinforced with mud, covered by a wide overhanging top,
was as efficient and much less expensive than a more elaborate concrete structure,
up to a maximum capacity of about one tonne. For larger guantities a silo-magasin,
consisting of a rectangular shed constructed of 20 x 20 x 40 cm concrete or mud
blocks 1s more efficilent and can be built by village artisans to accommodate almost
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any guantity of threshed grain. The silo-magasin conslsts of a series of covered
comnpartments and can be shared communally by two or more families. Additional
storage 1ife 1s acquired by treatment with a residual pesticide.

This form of large store, financed and operated on a community basis, shows
useful promise for rural communities, particularly when integrated into a community
threshing, drying, and milling system in which each component is of appropriate
design and matching capacity.

PROCESSING OF GRAINS AND LEGUMES

Only animals normally eat raw, unprocessed grains and legumes. Though
traditionally, and among many poor rural communities and subslstence farms, most
food processing generally takes place in the home, the commercial transformation
of the grains to flour (primary processing) and of the flour to bread, noodles and
e veriety of other cereal and legume foods (secondary processing) is of growing
significance among both rural and urban communities of the B5AT.

PrIMARY PROCESSIHG

For many years people in the SAT countries of Africa who subsist mainly on
scrghum or millet have been grinding thelr dehulled grain into flowr, using either
simple tools or mills designed originally for wheat, rice or maize and which had
acconpanied the flow of people from Europe or Asia. Today, various kinds of
mechanical attrition and abrasion mills are a feature of many rural towns and
villages. Though these imported mechanical mills have resulted in a significant
reduction in the number of hours spent in the home grinding grain into flour,
using hand or animal-powered stone mills, many of them are not wholly erfficient
mainly because they were designed for a purpose different from that to which they
are being applied. They provide eloquent examples of inappropriately transferred
technologies.

Many of these mills consist simply of whole grain grinders and few of those
examined are able to efficiently dehull the locally grown grains and to separate
the bran from a finely ground endosperm. Thus teday, throughout the sorghum,
millet and cowpea consuming world, the process of dehulling, dehusking or
debranning remains for countless women a tedious, manual operation. Al the same
time, there exists ample evidence of an increasing conswmer demand for cormercially
nilled products among African communities, a demand partially met by imported wheat
or malze flour.

Impcorts of foreign cereal graing, whethel on commercial or concessional terms,
adversely affect the economy by discouraging local grain production and contributing
to growing foreign trade deficits.

A recent survey in Senegal (Yaciuk and Yaciuk 1980) found that even in rural
areas the volume of imported goods purchased was surprisingly high. Purchased
wheat flour and pasta products which all have locally grown alternatives were
chosen because they enabled the woman to reduce meal preparation time, by being
relieved of the necessity to grind the local grains by hand. The local development
of efficlent, economical, village-level milling systems helps to create a stable,




[/

continuing and expanding market for the cereal grain and legume producers, 1n
addition to offering a convenlence and a liberation from weary drudgery among
rural women.

Cereal Milling Technology

All cerezl greins consist of three essential components: (1) the germ or
enbryo, from which the new plant puts out 1ts shoot and root; (2) the endosperm,
composed malnly of starch, other carbohydrates and protein, which 1s the source
of food for the new plant; and (3) the seed and fruit coats, a series of thin
cellulosic films, some high in protein, vitamins and minerals, that surround and
protect the embryo and endosperm and retain the caryopsis as a discrete whole.

The simplest and most straightforward process 1s to grind the whole seed to a
coarse meal. The purpose of most cereal milling processec however i1s 1o ‘separate
the seed coats (the bran) and the embryo from the endosperm and to grind the latter
into a fine or coarse flour.

In the large wheat or rice mills often located near seaport cities, the grains
are first carefully graded according to seed size thus permitting a more uniform
milling and separation of the various seed [ractions. In most rural areas of the
SAT the grading of cereal gralns is virtually non-existent. Furthermore, many
cormunities need to subsist upon different cereal and legume gralns at different
times of the year dependent upon the rature and size of the harvest. Conseguently,
rural grain mills in the SAT reguire much greater in-bullt flexibility and
versatility than thelr larger relatives at the clty portszs which mill only imported
size-graded wheat. The rural mill must be capable of dehulling seeds widely
different in nature, genetlic and agronomic background, and of providing milled
products that vary significantly in particle size. Because of 1ts much larger
seed, sorghum is generally more easily debranned than is pearl millet; among
African women, dehulling pearl millet by hand in the traditional pestle and mortar
takes about four times as long as dehulling sorglun.

Different end uses call for flours of different granularities and average
particle sizes. Some nomadic peoples of ¥West Africa demand coarse flour (semolina)
which they mix in a gourd with camel's milk and blood. The gourd 1s attached to
the camel's saddle and this highly nutritious mixture reconstitutes to a relatively
smooth blend as the camel and rider cross the savamna. In contrast, a tlour of
fine particles thus processed would reconstitute to a lumpy unpleasant consistency.

The desirable sequence to be pursued in developing a cereal grain milling
system can best be illustrated by a description of a number of relevant projects

which IDRC 1s supporting in several African countries.

The Maiduguri Mill

A comparatively successful establishment of a rural multipurpose grain and
legume milling system is to be found at Maiduguri in the Northeuast Stale of Nigeria.
In addition, this project, which began in 1972, provides a good example of how a
vertically integrated systems approach can bring about a rational post-harvest
system composed of appropriate locally developed or adaphed component techrclls
This project is a jolnt venture of Nigeria's Ministry of Agriculture ani Jesurel
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Resources, the llortheast State Ministry of Natural Resources, and local farmers'
cooperatives.

Maiduguri, a city of some 150,000 people, lies in an arvea vhere the main
crops are sorghum, pearl millet, maize and cowpeas with smaller quantities of
wheat grown on 1rrigated land. Though the heart of the system consists ol a
relatively simple yet novel milling unit, the project encompasses a wide spoctium
of post-harvest activities, including threshing, drying, storage, prinary and
secondary processing, product evaluation, packagilng, markebting, consumey
acceptance and utilization.

The original simple purpose of the project was to reduce post-harvest grain
losses that resulted from relatively inefficlent methods of handling and storage,
ant to increase the monetary return to farmers by offering more economical and
attractive facilitiles for grain purchase, storage, transportation, processing and
sale. At the same time, it was designed to provide a facllity capable, using the
same machlinery, of processing several different locally produced cereal grains and
legumes into nutritious, acceptable, milled flours and secondarily processed
traditional and novel food products.

The project began with an extensive soclo-economic study of the existing post-
production tood graln systems throughout the area around lMaiduguri. Agricultural
ecoromic surveys revealed that most of the grains produced were retained on farms
for the farm family's own needs and that only 10 to 15% of the total grain
harvested entered market channels. Most of the grain that entered the market was
meved from a central market place to secondary end terninael markets thirond the
intervention of a remarkable number of speculators who bought, stored, and resold
the grain at widely different prices throughout the calendar year. Price
differentials for scrghum for example were found to amount to between 30 and L03%
among four regional narkets.

Such of the grailn as was mechanically processed was ground on a custom basils
in small plate mills driven by diesel engines, most of these plate mills being
located 1n the towns and larger villages. Almost all additlicnal processiug was
carried out either by the women in their homes or by flour vendors. lany of the
women of the household were found to send cereal grains dehulled by hand in a
pestle and mortar to these local, comparatively inefficilent, plate mills to be
ground into flour or grits.

While the constructlion of the Maiduguri mill building and the basic design
and layout of the machinery was in progress during early 1973, a consumel demand
and attitude survey was carried out in 1100 households in Maiduguri by women
students and members of the home economics department of the Fortheastern Suate
Government. The purpose of this study was (a) to determine the type and volume
of milled cereal and legume products that were in greatest demand; (b) to indicate
what type and volume of flours the pilot mill should produce; and (c) to develop a
consumer information program to encourage improved household utilization of
processed cereals and legumes 1n the diet.

This consumer preference study revealed a growing potential demand both for
commercially packaged flours from which local wemen could prepare traditional
e - f n v, . L P hl . S [N N . ,,‘ I T
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cereal foods, thus revealing a potential opportunity for developing more nutritious
foods from combinations of cereal and legume [lours. Whereas during the mid-1960s
leavened bread was comparatively unknown except among the expatriate community,

at the time of the survey, 64% of the households interviewed stated that they
purchased bread at least once a week, with more than half of the respondents
stating they ate purchased bread every day.

The greater flexibility offered by the proposed mill would, it was believed,
make possible a wider cholice of acceptable and economlc convenlence foods,
supplementation of traditional cereal foods with legume proteilns, the substitutilon
of sorghum, millet and cowpea flours for imported wheat 1in traditional foods and
baked bread, and the development of a range of new and appetizing foods composed
entirely of sorghum, millet, maize and cowpea flour to be sold through the local
markets for immediate or household consumption. Conscquently, it was declded that
the pilot m1ll and its ancillary facilities should concentrate upon four main
activities: (1) the decortication and milling of sorghum, millet, cowpecas and to
a lesser extent maize; (2) the production of bread and snack {oods based upon the
grains milled; and (3) the development of modified traditicnal and relatively new
food products as a basls for a communally owned commercial food processing and
distributing industry.

Because of the wide range of sizes and conditions of the cereal andé legume
grains to be milled, the principles of break and reduction roll milling, upon
wnlch the larger wheat flour mills of the world are hased, was clearly too
inflexiktle and too uneconomic. Furthermore, the capacity of the local typical
plate grinder mills appeared to range from less than 0.5 to 1 tonne of graln per
dey depending on the condition of the grinding plates, the engine, and the general
overall competence of the operators. Consequently, each of these plate grinders
served only a relatively small number of people, losses were exceptlionally high,
end though apparently simple, most of the plate mills appeared both wasteful and
uneconomic.

It was therefore decided to rely upon first, a principle of decortication
using elther an attrition or an abrasion process, follewed by separation of the
seed coats by simple aspiration and/or sieving, and the grinding of the endosperm
and residual germ in a hammermill.

At first, an attrition-type dehuller, cocmposed of counter rotating mosalc
discs 1n which cutting blades were embedded in a stone or other continuous matrix,
vas examined but was found to provide a comparatively low yleld of decorticated
eniospefn. Dventuzlly, the most successful machine b whiceh ve the seed
develorel, a2 machine now callel th : . .
series of carborundwn stones mounted on a horizontal shaft and spoeced ab 1.5 to
3.0 em intervals. The rotor so formed is mounted in a rubber lined metal case
with a clearance of about 2 cm at the sides and around the bottom of the rotor.

N screened inlet 1s provided along one side of the top with an alr outlet at the
onposite side which, when connected to an aspiration system, automatically removes
the fine bran particles as they are abraded from the sorghum, millet or legume
grains. After dehulling, the grains are transferred to a hammermill, followed by
a flour sifter in which the ground endosperm is separated into three fractions:
(a) fine flour; (b) middlings; and (c) coarse flour or semolina.
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A more recent development involves Lhe replacement of the carvorundum stoues
with lighter resinoid discs. By theilr intrinsic nature, carborundum stones must
be formed into relatively thick sections 1n order to be rotated safely abt speeds
in excess of 1,000 rpm. The thick heavy stones have two disadvantages; Tirst, the
relatively high power demand required to rotate thewm, and secondly, the reduction
in the sbrading surface area avallable for any given welght of graln. Resinoid
discs, made by bonding aluminum oxide into a plastic matrix, may be formed into
very thin, light, strong sections that can saflely be rotated at speeds of nore
than 6,400 rym. The use of resinoid discs in the dehuller provides more than twice
the abrasive surface at only one quarter the welght of the carborundum stones with
a consequent significantly lower power consumption per kg of grain dehuliled.

The Maiduguri mill now consists of four component units: (i) a pre-cleaner;
(11) the PRL dehuller; (iii) two hammermills; and (iv) a flour sifter, together
with various packaging units. An operations and processing research program 1s
continually 1in progress and several improvements have been made Lo the desipn of
the dehuller resulting in a continuous steady increase 1n the rate of throughput
and, therefore, in economic efficiency. The average composition of the mill's
rroducts consists of 347 fine flour, 20% middlings, and 46% grits, with an average
milled extractlon rate of slightly better than 75%. The mill has experienced no
difficulty in selling all of the bran separated for animal feed, which in itself
represents an important economic gain 1n that, following traditional pestle and
nortar dehulling, virtually all of the bran is blown away during hand winnowing.

Because of the orientation of the Malduguri Mill's purpose to the satisfacticn
of consumer needs and demands, simultanecusly with the creation of the mill came
the establishment of a test kitchen which serves both as a guality control
labtoratory and a development unit for the elaboration of nutritionally improved
traditional products and novel foods based upon the cereal and legume flours
msnufactured in the mill. Because the piiot mi1ll can achieve a recovery rate of
T0 to 80% by weight of the original whole grain, compared with less than (5% usable
grain from manual decortication, the mill is providing significantly larger
guantities of edible milled graln from the existing harvest, in addition to
salvaging and using the by-products in animal feeds.

Using a modified mechanical development system from composite {lowrs,
described later in this text, the simple bakery built adjacent to the mill now
operates at full capacity and produces 700 loaves a day containing up to 20% of
sorghum flour 1n a composite wilh wheat.

The IDRC has recently cooperated with the Federal and Northeast State
Governments in lligeria in working out plans for the establishment of a series of
milling and processing units, similar Lo the Maldugurl complex, across the northern
semi-arid regicns of the country.

The Botswana Mill

A related, somewhat different but equally interesting milling and cereal
processing project has developed in Botswana, whiclh has greatly benefited from
the earlier experience in Maiduguri. Over the past two decades, among the rural
and urban pecrple cof Botswana, one has ovssrved a significant shift away from

sorghum towards maize, commerclally processed and imported frem South Africa in
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the form of a ground maize meal. Because the traditional processing of sorghum is

time consuming and laborious, and since no similar processed form of ground sorghum
meal was avallable, imported maize flour consumption hus grown to the detriment of

sorghum with a resulting seriocus decline in native sorghum production.

During 1975, the Botswana government requested IDRC's assistance in developing
a sorghum milling system scmewhat similar to that established in Malduguri.
Iventually it was decided to create a pilot sorghum mill as an integral unit of the
Botswana Agricultural Marketing Board depot at Pitsane which 1s located alongside
the rail line in southern Botswana. The continuous flow mill began commercial
operation during late 1977 (Eastman 1980).

At the Rural Industrial Innovation Centre (RIIC) in Botswana the PRL dehuller
used at Maiduguri was studied and eventually signifilcantly modified in crder to
corbine the desirable flexibility of the earlier design together with the advantage
ol being able to function elther 1in a continuous flow or a batch system. The
PRL/RIIC dehuller 1is much smaller in size and therefore as a batch unit can be used
in small rural cormunities since it requires only 10 kg of grain to operate
efficiently. The principal improvement lies in a reductilion in the diameter of the
dehulling stones, together with a novel system of unloading the batch model which
permits individual guentities of grain to be dehulled without stopping the machine.

Agaln, as in the case of the Malduguri mill, the project began with a consuner
marketing study among 350 householders from sixz different districts, in addition to
interviews with Botswanan womern 1n clinics, and at bus and rallroad stations, in
order to determine what characters and quality of milled sorghum flour the house-
holders would be prepared to use and buy.

The acceptability and the willingness of Botswana women to puwrchase the milled
sorghum grain has exceeded original expectations and the mill is now able to
produce in exzcess of 1 tonne a day of milled product and shows an overall net
profit in excess of 20% after allowing for all cost of materials, supplies,
selaries, maintenance and depreciation on buildings, equipment and vehicles.

Perhaps what 1s more important, the design of the FRL/RIIC is such that
virtually all of the necessary equipment for a continucus flow mill can bve
manufactured or purchased in Botswana and there appears a distiuct possibility
that Botswana will become a manufacturer and exporter of the essential component
equlpient.

What 1s of far greater overall importance is that the processed sorghum flour
is manufactured from, and therefore will serve to stimulate the greater production
of indigenous sorghum grain, at the expense of imported maize meal from South
Africa. Thus, the Botswana milling project will satisfy a growing consumer demand,
develop an agro-industrial capacity both for cereal grain processing and the manu-
facture of processing machinery, and stimulate agricultural production by providing
a greater market for home grown sorghum grain.
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SLCOUDARY PROCLESSING

Comparatively few food commodities are consumed directly 1n the raw or semi-
processed state. Highly perishable commodities are inevitably harvested 1n amounts
greater than can immediately be consumed; therefore several processing stages are
often needed both to conserve and to transform the basic agricultural commodity
from 1ts original to a more stable and/or acceptable form.

Food Quality and Acceptability

As was 1llustrated in the case of primary processing discussed above, every
secondary processing venture must be preceded by an adequate review and evaluatilon
of actual and potential customer demand, whether that customer be a household
consumer family, an 1ustitubtlion or a commerclal enterprise. It 1s the opinion of
the author and his IDRC colleagues that in comparison with the successful food
processing and marketing corporations of Furope and Worth America, many companies,
governments and development agencles working 1n developing countries have pald less
than adequate attention to the attitudes and concerus of consumers, and that the
need for studies of those properties and characters of cereal grains, legumes,
root crops and other commodities of subsistence that influence quality and useful
functional properties, have often been seriously lgnored.

Consequently, the Post-Production Systems Group of IDRC 1s supporting projects
in several countries 1n which the physical, chemical, nutritional and functional
properties of various subsistence crops are being studied and guantified. In each
case the objective 1s to establish consumer-based standards upon which to gulde
plant breeders in the selecticon of cultivars which are not only higher yielding, of
wide agroclimatlc adaptabllity and disease resistance, but which the consumcr
recognizes as being of desirable and acceptable quality. Such studies on sorghum
and millel are being carried out in Senegal, Budan, and Upper Volta.

In a recent swrvey (Yaciuk and Yaciuk 1980), Senegalese consumers expressed a
marked preference for sorghum with & large whitle kernel. Larger kernels yield a
greater percentage of flour and grits while white hulls necessitate removal of
lesser amounts of the outer seed coat layers during dehulling. Both attributes
provide a greater percentage of the kernel for consumption. Tor reasons discussed
later, in relation to polyphenols 1t is probable the white keirnels are most
nutritious. »

IDRC 1s supporting studies 1in lNigeria, Sierra Leone, Ghana, the Lebanon,
Turkey, Sudan and several other countries of the Middle Lastern regioun oun the
quality characteristics of legumes for inclusion in traditiounal foods.

Simultaneously, in cooperation with a number of other agencies, studies are
being made of the principal nutrient deficiencies of poor rural people living 1n
the SAT in order to decide what ilmprovement in the nutrient composition of the
basic diets can be introduced through primary and secondary processing systens.

A guide to the standardization of methods of evaluating the nutritional and useful
rroperties of legumes was published a few years ago (Hulse et al. 1977).




%

Secondary Processing Technologies

As applied to cereal grains and legumes, secondary processing usually starts
with the fine and coarse flours and other products from milling operations which
zre then converted to a wide variety of forms through blending, fermentation,
forming, cutting, extrusion, agglomeration, bolling, steaming, baking or frying.
Integral in all secondary and primary processing is product evaluatlion and guality
control to ensure uniformity of composition, form and stability combined with
desirable standards of wholesomeness.

The traditional secondary processing methods by which noodles, other pasta
products, and various forms of bread are produced are too numerous to cover and
have been adequately described in many examples ol the food technology literature.
Consequently, this section of the text will concentrate upon several comparatively
recent innovations, beginning with products based upon what have come to be called
"composite flours'.

Composite Flours

The descriptive term "composite flours" i1s a relatively recent addition to
the vocabulary of cereal scientists and technologists and in general refers tc
mixtures composed largely of wheat flour together with one or several other starch
and protein sources derived from cereals, roots, tubers, food legumes and ollseeds
(Hulse 197hL).

Bread Technology

Though composite flours can be used 1n all manner of processed cereal products,
the 1nterest in composite flours arises mainly from the steadily and continually
growing demand for wheat flour among the less developed countries, where leavened
bread consumption has been rising steadily over the recent past. In many of these
countries, particularly in the SAT, the climate and soil conditions are 1ll-suited
to the production of wheat types sultable for breadmaking. Consequently, these
poorer countries are disbursing ever-increasing amounts of their scarce forelgn
currency to import bread wheat from such wheat exporting countries as the USA,
Canada, Australia and Argentina.

While milled flours of sorghum and the millets are suilable for the production
of many types of flatbreads, their proteins when hydrated do not display the
vigco-elastic properties of wheat flouwr gluten, essential to the production of
acceptable yeast leavened bread. Using conventional fermented breadmaking systems,
any significant replacement of wheat flour with a non-gluten forming flour leads
to a depression in loaf volume and crumb quality.

Nevertheless, the continued importation of foreign wheal or wheat flour
constitutes not only a drain upon limited resources of convertible foreilgn
currency, but also depresses local agricultural production of cereal graing.
Consequently, there is a legitimate and commendeble interest in many developing
countries of the SAT in the elaboration of breadmaking procedures which permit the
partial or total substitution of wheat flour with flours derived from locally grown
and harvested cereals, food legumes and oilseeds.




In those developing countries where wheat bread 1s appearing with greater
frequency in the general dietary pattern, but where 1t 1s not widely established,
there exist unique opportunities to formulate standards of bread quallty that are
based more upon nutritional quality than upon loaf volume, crumb color and
softness. The need is urgent for research to develop technologles that will permit
the use of nutriticus composite flours that countain a significant proportion of
locally produced grains rather than those which rely entirely upon imported wheat.

Furthermore, the developing countries of the semi~-arid and humid troplcs need
breadmaking technologies suited to their particular needs and conditions bearing 1n
mind that the breadmaking technologles that were developed 1in temperate climates
are ill-suited to tropical conditions. Bread yeast (Saccharomyces cereviseae)
functions best at about 25°C which is therefore close to the optimum temperature
for fermenting bread dough. In a tropical country a dough temperature of ZSOC is
virtually impossible to malntaln 1n the absence of expensive reflrigeration and air
conditioning facilities.
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d_is apparent Tor breadmaking systems that rely upon

Consequently, the

fermenting organisms that functlOWhest-st-trerical fenperatuwres, and for
frocessing systems that employ composites contalning significant quantitles of
sorghum, millet or other tropical grains ccmbined with legume or ollseed protein
to provide good nutritional gqualilty.

Though comparatively little progress appears to have been made 1in the
replacenent of Saccharomyces cereviseae by fermenting organisms better suilted to
tropical conditions, a number of workers have reported important advances in novel
breadmaking technologles based on composite flours. Among those who have studied
the total or partial replacement of wheat flour with other cereal flours for
breadmaking, generally speaking two alternative approaches have been pursued.

The first has sought a satisfactory replacement for gluten; the second has
endeavered to extend sufficiently the effective wheat gluten present to make
possible the addition of non-gluten-forming flours. The literature on composite
flours in breadmaking and for other purposes was reviewed by Hulse (197L) and by
Hulse and Laing (1974), and in a Food and Agriculture Organization (FAO)
publication (1973).

In addition to the economic advantage of diluting imported wheat flour with
flours milled from indigenous cereal gralns, compositc Tflour technology makes
possible the nutritional supplementation of bread and other cereal foods with
other naturally occurring or synthetic ingredients. The blological value of the
cereal protein may be ilmproved by the addition of synthetic lysine, or by
naturally occurring substances relatively rich in lysine such as whole or extractea
legume and oillseed flours, proteln concentrates derived from [ish and animal
sources, or protein of microbial origin. Other essential nutrients can ve added
in a form that can be conveniently mixed to the base cereal flour without
technological detriment.

Mechanical Development of Bread Dough

As with many cther food processing technologies, little fundamental change in
the principles of breadmaking took place for over 6,000 years. Most of the
technological improvements during this time consisted simply of replacing human
energy with machine power.




Barly in the 1960s, a significant and fundamental change took place in
breadmaking systems, particularly in Britain and some Luropean countries. This
consisted in the replacement of long periods of dough fermentation by mechanical
development. In simple terms, the principle of mechanical development is that the
physico-chemical changes that take place within bread doughs during long
fermentation (a process known among bakers as "ripening') may be simulated mere
quickly and more uniformly by intense mechanical work uvon the dough. In over-
simplified terms, during ripening the dough becomes more elastic and therefore
able to expand uniformly under the internal pressure that results as the 002 1s
generated by yeast fermentation of the sugars present. The principle of mechanical
development was elaborated in the Chorleywood bread process (Axford et al. 1963,
clton 1965, Chamberlain 1965).

The replacement of long fermentation by mechanical development has many
obvious advantages, one of importance beilng that the dough 1s not required to
sit and ferment for long periods of time, an undesirable procedure 1in tropical
climates where high ambient temperatures encourage the growth of unwanted micro-
organisns 1n competlition with yeast, accompanied by bilochemical reactlons that
lead to excessive deterioration of the dough condition and subsequent bread gquality.

An unanticiyated advantage from the point of view of composite flour
techrology is that mechanical development permits the use of wheat [lour blends
considerably weaker in gluten strength than those customarily used in traditional
processes.

For example, whereas in a conventional breadmaking system an optimun flour
composition might consist of 65% of a strong wheat flour blended with 350 of weaker
flours, the Chorleywood mechanical development process permits the use of only 35%
of a strong flour combined with 65% of weaker flours.

This discovery suggested to this author (J.H. Hulse) that the principle of
mechanical development might permit bread to be produced from mixtures of wheat
flour with such non-gluten forming cereals as sorghum, millet and maize. This
hypothesis was first put to the test and demonstrated 1o be valid by Pringle et al.
(1969) and later by Dendy et al. (1970) at the Tropical Products Institute (TPI) in
the United ¥ingdom. In both these instances, a powerful mixing machine was used to
achleve the necessary degree of mechanical development.

As 1ndicated above, the most attractive advantage of producing bread {rom
composite flours by mechanical develomment 1s the ability to incorporate
aprreciable levels of cereal and legume flours from grains indigenous to tropical
countries. At the same time the transfer of the technologies used for mechanical
development in Iurope 1s precluded by the relatively high capital cost and high
energy demand of the mixing machines needed to achleve the rate of dough
development necessary. Conseguently, for some time technologlsts-have sought, and
are still seeking, efficient, technologically sound and economically sustalinable
systems of dough development that would permit more widespread adoption in
developing countries where bread consumption 15 increasing but where available
capital 1s restricted and energy costs are high.

One alternative potential means of achieving mechanical development was
reported by Bushuk and Hulse (197k). It entails the use of metal sheeting rolls




through which the dough, after preliminary mixing, is compressed and stretched
after repeated folding. The continuous conpression and stretching of the doush
mass produces an eventual visco-elastic condition similar to that which results
{rom high speed mixing.

The use of sheeting rolls, operated manually or mechanically, 1s not
unfamiliar in many small bakeries of Africa, the Caribbean and Latin America, but
until the study by Bushuk and Hulse (197k), the author is not aware of any attempt
to eliminate or reduce the long fermentation period by mechanical developnment
through repeated sheeting, folding, compression and stretching of the dough mass.

By the employment of sheeting rollsg, bread equivalent in quality to that
produced by high speed mixing resulted from mixtures of wheat and malze, wheat and
sorghum, wheat and pearl millet, and wheat and common millet. As a means of
conserving energy demand, & bicycle pedaled source of power was used to drive the
sheeting rolls. The process 1s now under further development an an adjunct to the
laldugurl mill project.

Chemical Dough Development

As an alternative to the mechanical development ol composite flours, several
chemically controlled systems of breadmaking by short fermentation times have been
demonstrated. HMany of these rely upon the balancing of oxildation-reduction
reactions which influence the visco-elastic properties of the hydrated proteins in
the dough mass. Unfortunately, most of the chemical substances necessary to such
processes are not manufactured in most developing countries. On the other hand,
such simple machines as sheetlng rolls could be manufactured 1n many developing
countries and therefore are deserving of further study.

It must agaln be stressed, however, that only +the principles of producing
bread from composite flours whether by mechanical or chemical means, are truly
transferable. The technologies suitable for each ccrmunity and environment need
to Le developed where they are to be used, with full regard for the energy and
material sources available. As with all technologies, it 1s essential they be
elaborated in a sympathetic, mutual understanding between those who develop and
those who will use the technologles and the technologically derived products.

///Eradition&l Breadmaking

Z, _ While it is doubtful 1f the trend toward lecavened bread can be reverscd,
particularly among growing urban populations, there exist many unexploited
opportunities for the development of a wide range of attractive nutritious cereal-
based products in the form of flatbreads, cut and extruded noodles and other cereal
and legume mixtures in a varlety of texturized forms. Greater effort is needed to
promote the consumption of the traditional flatbeds of Asia, the Hear Fast, Africa
aend Latin America, many of which can be made entirely from locally produced cereal
grains. These include the unleavened roti, made from ground sorghum or millet in
India, the leavened kisra, familiar in Sudan, the injera of Ethiopia and the mugabi
of Uganda. The essential nature and the methods of making these and other flat-
breads have been described by Vogel and Graham (1979). With some degree of
scientific ingenulty many of these traditional foods could be improved in
nutritional quality and manufactured by rural industries, if more attention were
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given 1o the essential nature and the quality of these products as demanded by
consumers, and the properties of the original raw materials and processed
ingredients.

Rzther than encouraging the demand for Iurcpean and lorth Armerican type
lezvened breads, would 1%t not be of greaber benefit to iludigenous agriculture to
stimulate small-scale industrial production cf the traditional foims of flatbreads,
noodles and other nutritious convenient cereal foods?

Fasta Products

The simplest and least costly method of processing cereal mixtures and
composite flours is in the form of noodles, formed from a stiff dough which may
be extruded or sheeted and cut before being dried, boiled, steamed, or fried in
hot oll. The advantages of the noodle and similar pasta products lie in their
simplicity of production, requiring little 1f any expensive equipment, theilr
intrinsic stability after drying, and the almost limitless range of nutritional
composition and final shapes and forms in which they can be fabricated.

Agglomeration

Though bread 1s one of the more popular and widely publicilzed end products
from composite cereal flours, several olher processing techunologles make possible
the honogeneous blending of cereal flours combined with nutritionally compleumentary
ingredients. One of the simplest methods of combining different finely powdered
ingredients into homogeneous water dispersible granules is through agglomeration.
Though, industrially, agglomeration has probably been zpplied more by the
pharmaceutical than the food industry, the underlying principle of agglomeration
is essentially that by which couscous is made. Agglomeration cousists of lightly
wetting the surface of each of the constituent particles with an adsorbed film of
water sufficlent to cause the fine cereal, legume and oilseed particles to coalesce
and stick together in small clumps which after drying remain as relatively porous
granules with the capacity to absorb and wix readily with water.

The adherent agueous films may be applied to the particles from an atomicelr,
which applies the water in the form of a mist as the composite cereal particles
are continually mixed in a twin cone or other tumbler blender. Alternatively,
agglomeration may be achieved by continuously mixing the composite cereal blends
over a source of steam or water vapour. The essence of the techmigue 1s to add
only sufficient water and to disperse this water so gquickly and uniformly that
only the surface of the particles is wetted and that no local dough formation or
pasting occurs. It is egually important to create and diy the agglomerated
granules rapidly, otherwlse irreversible dough clumps will form.

There are many valrilants upon this technological theme including the more
rapid and uniform dispersal of the aquecus phase by injecling the water mixed
with a miscible but non-wetting liguid such as acetone which during the subsequent
drying process distills off. Though technologically efficient, these more
elaborate agglomeration systems, involving the use of flammable liquids such as
acetone, are clearly not to be recommended for food processing purposes; first,
because of the fire hazard they present and second, in order to be economical, all
the acetone must subsequently be recovered by distillation and trapping.




PoCDUT ADVANCES IU CEREAL PROCESSING THCHNOLOGY

In recent years a new generation of technologies, based upon various processes
of extraction and extrusion, have appearcd, some of which are capable of processing
a wide range of cereals, legumes and ollseeds and thelr components in an almost
endless diversity of combinations. A number of these technologles call for
relatively expensive equipment, multistage processing, together with fairly
elaborate facilities for 1ngredient, product and process control. Furthermore,
several of the more highly publicized technologies rely upon techniques of cereal
and legume protein concentration that would be uneconomic and beyond the resources
of most cormunities of the SAT.

Though they appear of limited applicability among poor countries, for the
sake of completeness 1t seems desirable to make brief reference to protein
concentration and extrusion technologies, since 1n some of the more affluent
countries of the arid and semi-arid tropilcs, they may find useful applicatiou.

Protein Concentration and Isolation

Protein concentration in legumes and oilseeds can be achileved from a variety
of procedures. These have been briefly reviewed by Hulse et al. (1975). Though
simple removal of the cellulosic hulls leads to a modest increase in pelcentuge
protein content, significant increase i1n proteln content calls for more elaborate
methods of concentration.

For many years the techniques of proteiln concentration by fine grinding and
alr classification have been applied to cereal grains. The technology 1s also
applicable to a number of food legume flours. The principle lies 1in the fact that
in a finely ground cereal or legume flour, the largel carbohydrate granules
preponderate in the heavier particles whereas the protein matrix is broken down to
small fragments and therefore protein 1s concentrated in the finest fraction.
Consequently, protein fractionation can be brought about by applying to the f{inely
ground flour particles a centrifugal force opposed by a centripetal ailr drag. The
heavier particles of higher effective mass then move in one direction and the finer
protein rich particles are carried in the opposite direction. By determining the
critical particle size below which protein concentration is highest, it is pessible
to adjust the opposing forces 50 as to galn maximum protein shift. For example,
in soft wheat flours, the critical particle size, or "cut size'", is about 17 m ¢
In sorghum from a floury type of endosperm the cut size 1s closer to 1h m¢
Protein concentration by fine grinding and alr classification is generally move
efficient in cereal grains with a soft floury endosperm such as one finds in soft
wheats and floury sorghum, than in those with a vitreous cndosperm characteristic
of hard wheats and corneous sorghums.

Alr classification 1s often more efficiently achieved in legume than in cereal
flours since, in general, the starch granules of legumes are of significantly
larger average size than those of cereals. That this is so has been denonstrated
at the Frairie Reglonal Laboratories (PRL) in Canada where pea flour (Piswn sativm)
has been converted by fine grinding and air classification to significantly higher
protein contents than occur naturally in the pea cotyledons (Vose et al. 1976).
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While alr classification 1s more expensive than the types of milling
desoritel above, 1t 1s generally simpler, less costly and less hazardous 1n
tropical countries than some of the "wet" systems referred to below. The subject
of proteln fractlonation by solvent extractlion of the cereal grains of the SAT has
been reviewed by Hulse et al. (1980).

Legume proteln concentrates containing 60 to 705 protein may be produced by
iscelectric washing 1in which the legume proteln 1s removed by aqueous extraction
at a pH close to 1ts i1soelectric point. On the other hand, protein isolates
containing more than 90% protein can be produced from legume flours by agueous

o1 alkaline extraction followed by acid vrecipltation. What have come to he known
a5 textured protein foods and textured vegetable protelns may be produced 1in a
variety of fashions some of them elaborate 1n design and complex 1n executlon.

In a typical process, the legume protein is exlracted in mildly agueous
extracts, the insolubles being removed by centrifuglng. The subsequent addition
of sulphur diozide lowers the pH of the solutlon causing the proteins to
preciplitate. The precipitate may then be centrifuged, washed, diluted and further
rrocessed to produce a slurry containing 95% of protein. This slurry is made
alkaline, Tiltered, then extruded through spinnerets, similar to those used to
make fillamental rayon or nylon, into a bath at about pil 4. These individual
filaments may be stretched and combined into a ritbon or a tow of monofllaments
to which flavors, colors and other ingredients may be added to produce {inal
products bearing a close resemblance to meat or [i1sh 1n appearance, texture and
flaveor. It should be emphasized that the yleld of protein isolate 1s directly
rroportional to the protein content of the original legume or oilseed. Faba beans
with an original protein content of about 33% yielded 28% of isolate whereas lentil
flour with an original protein content of 227 yielded only 19% isolate under
similar conditions.

It 1s important to understand that isolates are used in food products more
because of theilr functional characteristics than their nutritional properties.
In general, legume isolates produced by alkaline extractilon and acid precipitation
are significantly lower in nutritional value than clther the original lcgume or
the protein concentrated by 1soelectric washing, because the relative proportion
of essentlal amino aclds 1s slignificantly reduced by the extraction process.

Textured vegetable proteins have been largely used 1n what are called meat
analogues, a subject that has been reviewed by Horan (1974). Briefly, the purpose
of textured meat analogues 1s to replace, in whole or in part, the flesh meat of
animals by plant products which, in the flnal cooked form, are virtually
indistinguishable from meat in flavor and in taste. With the exception of the
more expensive extruded protein isolates referred to above, greatest commercial
success appears to have been achleved by the partial replacement of meat in
comminuted products such as sausage, meat patties and hamburgers.

Extrusion Technologiles

Of much wider interest and application than agglomeration is the ever growing
number of extrusion technologies that are used in many countries of the world to
produce a wide diversity of processed products for human Tood and animal feeds.
The simplest form of extrusion technology has long been known and consists simply
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of forcing a relatively stiff flour/water dough through a die from which the dough
emerges as a filament, ribbon or tube and either may be cooked immediately 1n
boiling water, steam or hot o0il, or dried and stored almost indefinitely if
protected from infestation. Low pressure extrusion provides the basic technology
of the pasta products industry and the making of noodles such as the Chinese have
produced domestically and industrially over many centuriles.

The theory and practice of food extrusion has been comprehensively reviewed
by Harper (1979) who classified the various types of food extruders under the
followlng categories:

(a) high pressure forming extruders in which pre-gelatinized cereal doughs are
formed into pellets which may subsequently be puffed or toasted;

(b) low-shear cooking extruders used to produce so-called "soft moist" foods
that are preserved by careful control of their eventual eguilibrium relative
humidity through their content of soluble solids;

(¢) collet extruders which are designed to produce a high rate of shear over a
short distance of travel and which generate a high degree of frictional heat
causing the starch present to be gelatinized and partially dextrinized and
the mixture upon extrusion to become rapidly expanded into a curl or "collet";

(a) high shear cooking extruders thal are used to produce pre-cooked products in
which the physical properties are significantly changed to produce
"texturizing'.

Rossen and Miller (1973) have classified food extruders according to their
thermodynamic characters.

Most of the extruders within the author's cognizance consist of a single
flighted Archimedean screw rotating in a tightly fitted barrel, the pitch and
depth of the flights and the length and shape of the screw being varied according
to the end purpose desired. Twin-screw extruders are also under development in
several countries. Most extruders are driven by electric motors and according to
Harper (1979) the power requirements vary from 0.05 to 0.36 kWh/kg dependent upon
the conditions of operation.

The ingredients are fed into the barrel through a hopper egquipped with
aglitators or some other means of preventing bridging and ensuring a uniform rate
and composition of ingredient flow and feed to the screw. The barrels vary
considerably in length and diameter dependent upon the surface required for
heating and cooling and the total residence time necessary to generate the product
desired.

Internal pressures in excess of 70 atm are not unusual in the extrusion of
mixtures of high viscosity under high rates of shear. Heat within the mass being
mized and extruded as the screw rotates in the barrel may be generated entirely
through friction, or the mix temperature may be regulated by heating or cooling
juckets surrounding the barrel. In the more elaboratle models, temperature and
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Central to all extrusion processes 1s the deslgn and construction of the
single or twin extrusion screw which acts as a conveyor, a mixer and conpressor,
and provides the means of changing the physical nature and rheological properties
of the mixture of ingredients being processed.

Following the mixing, compression, development, and varying degrees of cooking
as 1t is forced along the feed, compression and metering sections of the flighted
screw, the mixture is eventually forced out of the die located ab the exit end of
the barrel. The die usually consists of variously shaped apertures and cutters
which determine the eventual conformation of the extrudate. In many extrusion
processes the product temperature 1s highest immediately before 1t emerges from
the die. As the product leaves the die, and the restraining pressure within the
barrel is relieved, the sudden drop in internal pressure causes flashing with a
rapid evaporation of moisture and a resultant Joule-Kelvin evaporative cooling
effect. TLoss of internal pressure may also result in immediate expansion of the
extruded mass causilng various degrees of constituent disruption and increased
porosity, under which circumstances rapid evaporative cooling occurs throughout
the mass.

When the process of mixing and compression is short-lived, the internal
temperature 1s raised rapidly, retained briefly, and dropped suddenly after
extrusion, heal damage to the thermolabille essentlal nutrients present will e
relatively small. On the other hand, in extruders where internal pressure,
temperature and other processing variables are difficult to control, nutrient
loss may be significant and highly variable. The hazards of partial blockage
at the die, leading to excesslve rise in back pressure, internal temperature,
and time of dwell, are always to be reckoned with and various devices, such as
perforated metal discs inserted between the end of the screw and the die, can
help to obviate plugging of the dies by large uncooked or inadeguately mixed
agglomerates. Various safety devices such as slip clutches, shear pins and
pressure reliefs on hydraulic drive mechanisms are alternative means of preventing
damage to the component parts.

Extrusion technologles have been developed for the processing of full and low
fat ollseed meals, and to produce a range of what are generically described as
"textured vegetable proteins', many of which are used as meat replacements ov
extenders, and for a wide range of infant formulations, snack foods, and what are
generally described as convenience foods. '

The formation of these textured vegetable proteins from soybean or other
legume proteln concentrates and isolates occurs through what the practitioners of
the art term "protein plasticization". The precise biochemical mechanism by which
the texturized protein formation is controlled is yet to be described but it has
been suggested that the constituent proteins are disrupted, denatured and
subsequently reaggregated into fibrillar configurations through intermolecular
peptide bonding.

The advantage of extrusion systems 1s that predetermined mixtures of
ingredients may be blended, wholly or partially cooked, and produced in a wide
variety of forms and textures, in a single continuous operation, which, if suitably
controlled, need not cause excessive damage to essential nutrients.




It is no disrespect to the many thoughtful, imaginative and innovative
research and development activities reported in the literature,to state that
extrusion technology i1s still based largely upon empiricism. Extiusion technology
has borrowed extensively from experience in the plastics industry. But given the
fact that most of the food mliztures processed, particularly those based upon
cereal and legume flours, in addition to being biological and therefore by no
means inert, are non-Newtonian and many display visco-elastic properties which
rapidly change under conditions of increasing compression, high shear and rapild
temperature rise, preclse predictabllity of end product and accurate process control
are difficult to achleve. Consequently, process and product development must of
necessity depend largely upon emplrical experimentation. Furthermore, the greater
the degree of process control to be exercised over the high pressure, high
temperature extrusion technologies, the greater becomes their complexity, cost of
constructlon and operation.

It should be emphasized that the extruders avallable commercially vary greatly
in their complexity and 1n the most elaborately designed examples, the number of
processing variables are so many that 1t requires considerable mathematical skill
and computer facilities to examine, comprehend and control all of the effects of
these variables systematically and simultaneously.

Nevertheless, those of simpler design, particularly those embodying relatively
low pressure extrusion systems, may be useful in the manufacture of nutritious
cereal, legume and oilseed based food products in small rural industries of the
SAT.

AGRICULTURAL BY-PRODUCTS

Agriculture, in =2ll of its facets, in which I would include the raising and
harvesting of all terrestrial and aguatic plants and animals, consists essentially
of' the conversion of one form of energy to another through chemical interactions.
The Law of the Conservation of Energy, which broadly states that no one may expect
to get something for nothing, is included in every sclence student's curriculum.
It should therefore come as naturally as breathing to every sclentist that the
conservation of biologically derived energy is of the highest priority; from which
it should logically follow that the elimination of waste, or products classified
as waste, is a matter of equally high priority.

As 1t relates to bilological processes, particularly those from settled
agriculture, the term "waste" ought to be replaced by "by-product" since virtually
all organic matter can be profitably used in some fashion. Of all the agricultural
by-products generated throughout the world, straw, from all forms of harvested
plants, 1s probably the least efficlently used and the by-product with greatest
potential as a convertible source of energy. Several recent estimates have
indicated that, given improved collection methods, straw could become the nost
abundent of all the world's non-woody plant materials.

In many of the developed countries, including the kuropean Economic
Community's "Energy from Biomass" program, straw is regarded mainly as a potential
source of machine or heating fuel. Hydrolysis of the cellulose permits the
resulting sugars to be converted to ethanol by yeast fermentation and/or to a




variety of industrially useful chemicals dependent upon the nature of the
microorganisms used to bring about the fermentation.

The microbial conversion of straw, lignocellulosic materials from woody plants
and a vast array of other agricultural by-products, human and animal waste, 1o
rethane, ethanol and other combustible fuels does not fall within the scope of
this discussion. What is relevant to a comprehensive study of the post-production
system 1s the use of agricultural by-products as a source of feeding stuffs for
farm animals.

IDRC is supporting several projects, in various parts of the world, in which
agricultural by-products provide a significant contribution to the essential
diets of farm animals. In several countries integrated animal production systems
are being developed in which feeds, from cultivated pastures of grasses and forage
legumes grown on marginal lands, are complemented with by-products processed by
mechanical or bilological methods to feed supplements that are nutritious,
acceptable to the animals and economic to the farmer.

In the Caribbean and Latin America, the by-products of sugarcane and coffee
processing are both being studied in projects financed by IDRC. It appears that,
as 1s the case with other lignocellulosic materials, provided the fibres are cut
to sufficilently small lengths, elther whole sugarcane without derinding, or
bagasse may be fed as sources of energy to ruminant livestock. It has also been
demonstrated that the disruption of the propionic acid cycle within the rumen by
a high sugar inteke may be offset by the addition of glycerol to the diet. What
now appears feasible 1s that, as was demonstrated in Germany during World War I,
with the addition of soluble bisulphite to a sugar fermentation system, the
Embden~-Meyernof biochemical cycle is diverted, with the pyruvic acid being
converted to glycerol rather than via acetaldehyde to ethanol and carbon dioxide.
Mexlcan research sclentists have also demonstrated that, by microbiological
fermentation of molasses in the presence of urea or other nitrogen sources, &
valuable feed supplement to the basic sugarcane dlet can be provided.

MICROBIAL PROTEIN

One of the difficulties of providing protein supplements for food or feed
from microbial sources in the tropics,rests on the facl that most of the past
research has been based upon fermentation by yeasts, for which the optimum
functional temperature lies close to 2500. As discussed earller in reference
to breadmaking in the tropics, fermentation by temperate organisms requires
mechanical refrigeration to maintain the optimum temperature, since rarely 1if
ever in the tropics is the ground water temperature low enough to permit it to be
used as a coolant to maintain the conditions required. Consequently, there is
considerable opportunity for research to identify microorganisms that will grow
well between 35 and 45°C and convert carbohydrate, combined with inorganic or
waste sources of nitrogen, to protein that is nutritious and uncontaminated by
toxic substances or antinutrients.

At the University of Guelph in Canada, several such organisms have been
ldentified. One micro-fungus, Aspergillus fwnigatus grows well at between 40O and
L57C and will both hydrolyze and ferment starch, in the presence of inorganic
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nitrogen, to produce a finished biomass which, on a dry welght basis, contains 35%
of crude protein (I x 6.25). Since 4. fumigatus grows best at a pH of 3 to 3.5,
it tends not to be affected by such competitive organisms as would interfere with
the fermentation of carbohydrate by yeast under non-aseptic conditions. So far
cassava starch and the by-products of cassava processing have formed the principal
substrates for A. fumigatus but there is no reason why this and other tropical
organisms may not produce protein enriched feeds from a variety of surplus
carbohydrate sources.

At Mahidol University in Thailland, a systematic study 1s being made of
several hundred local specles of tropical fungl present in soills and decaylng
wood. These are being assayed for cellulolytic and lignolytic activity and those
which display a high lignolytic activity combined with an adequate capacity to
degrade cellulose will be grown on substrates of sugarcane bagasse and rice
straw. It 1s hoped that this research will provide a satisfactory means of
converting some of the 55 milllion metric tonnes of sugarcane bagasse and 180
rillion metric tonnes of rice straw that are btelieved to be avallable throughout
trepicel countries, to an acceptable and nutritious form of animal feed.

In Syria, research 1s in progress to convert the straw of various widely grown
cereals to a digestible form through alkaline hydrolysis. The processed straw will
be supplemented with proteln sources derived from the by-products of oilseed,
legume and cereal processing.

PROTEIN FROM COFFEE PULP

Coffee 1s an lmportant cash crop in a number of countries of the SAT.
Approximately 80% by weight of the coffee berry consists of the moist pulp that
surrounds the kernel which, after fermentation and roasting, becomes the primary
product. In Latin America it is estimated that about 1.5 million metric tonnes
of coffee pulp are thrown away every year. This 1s unfortunate since the coffee
pulp contains significant quantities of nutritionally good quality protein, the
1.5 million metric tonnes destroyed being estimated to contain roughly 100,000
tonnes of protein,roughly eqguivalent in welght to the protein produced by about
1/4 million ha of soybeans.

Coffee pulp, after being dried in the sun or in flatbed dryers fueled by
methane generated from a mixture of sewage and by-products of coffee processing,
may be fed to elther 1uminant or monogastric animals. The principal constraint
to a greater use of dried coffee pulp in animal feed lies in the caffeine and
other phenolic substances present that tend to reduce the blological efficiency
of the pulp in animal diets. The means by which these 1nhibiting phenolics may
be reduced or neutralized 1s being studied at the Institute for Nutrition of
Central America and Panama (INCAP), where it has been found that the ensilaging
of coffee pulp,in combination with malze stalks or waste sugarcane, reduced the
adverse effect of the phenolics,at least in the diets of ruminants. This work
has been reported by Braham and Bressani (1979).

The above represent only a few of the many examples of agricultural
by-products that can help sustaln a viable animal production industry and
encourage the integration of domesticated animals into smallholder farming
systems.
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THE COLSUMER A{D HOUSEHOLD

Though in the vertical presentation of the Post-Production System sequence 1n
Figure I, the consumer appears at the bottom of the diagram, this presentation
certainly does not 1mply that the consumer 1s of least importance and last
consideration. Nevertheless, as one reviews the scilientific literature reporting
the ingenious discoveries and innovations of agricultural and food sclentists, 1t
is not alweys apparent that food crops and processed foods are intended first and
foremost to provide adequate and nutritious diets for clearly identified
communities of consumers.

It 1is a basic phllosophy among my colleagues in the AFNS Division of IDRC
that all food and agricultural research and development programs revolve around
two mutually dependent and equally important human focil: the farmer-producer and
the consumer. Consequently, every production and 1ts concurrent post-production
system must begln with a comprehensive understanding of the socio-economic
conditions, needs, attitudes and constraints of both the farmer and the consumer
in relation to one another and to the environments in which they exist.

lutrition in the Semi-Arid Tropics

In the BAT,where so many of the rural poor cling desperately to the razor
edge of survival, the nutritional composition of food avallable must always be a
matter of major concern. Waste of any kind 1s intolerable. Among economically
privileged societies the waste of any foocd resource 1s deplorable; among the rural
poor of the SAT it is disastrous.

It required the severe droughts and resulting crop fallures of the early
1970s to draw the world's attention to the precarious state of nutritional
adequacy in which the people of the SAT exist. For those persons familiar
over many years with the Sahelian region and the semi-arid areas of India, the
plight of these, the poorest people in the world, has long been a matter of
concern. It was for this reason that when IDRC came into existence 1in 1970, the
highest priority in the ATNS program was assigned to research for the benefit of
the rural people of the SAT, those regilons where rainfall is invariably sparse and
uncertain and where, for a significant period of every year,evapotranspiration
exceeds ralnfall.

Though semi-arid climate conditions are to be found in many parts of the
world, the SAT by IDRC's definition include mainly the Sahelian countries of
Africa, the Gambia, Haute Volta, Mali, Mauritania, Niger, Senegal and Chad,
together with large areas of Ethiopia, Sudan, Kenya, Tanzania, Uganda, Zambia,
Mozambique, Somalia, Botswana, Lesotho, and Swaziland. In India the semi-arid
troplcal conditions occur in the States of Maharashtra, Andhra Pradesh, Karnataka,
Tamil Nadu and in parts of Rajasthan and Madhya Pradesh.

Though by strict classical geographical definition, they may not be regarded
as truly tropical, conditions of severe regional and/or seasonal aridity are to
be found among many of the countries of North Africa, West Asia and the Near Fast.
The communities of these regions therefore fall within our consideration since, in
consequence of environmental conditions adverse to highly productive food crop

production, they exist in a state of permanent and excessive risk similar to that
which prevails in the SAT.
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Many of the people of the SAT exemplify the classical vicilous circle of
malnutrition: an insufficient diet providing an inadequate energy intake, gilving
rise to a poor resistance to infection, an impaired learning ability and, 1in
consequence, a relatively low work output that generates an inadequate family
income, which results in an insufficlent diet. Concomitant consequences include a
high incidence of infant mortality, a higher than average birth rate to compensate
for the high infant mortality, and an increased calorie, protein and other
nutrient intake demand among pregnant and nursing mothers and among sick children,
in order to offset the ravages of internal parasites and infectious diseases.

The dietary pattern of the people of the SAT i1s invariably poor and cereals
provide more than 70% of the calories consumed. Table 1, taken from data presented
at the UN World Food Conference 1in 197h, presents estimates of the average caloric
intake of people living in a number of SAT countries of Africa, expressed as a
percentage of the estimated requirement. These and other aggregate figures of
caloric intake iIndicate that in 13 of the 17 SAT countries of Africa the
inhabitants consume less than thelr estimated average caloric requirement.

Of greater concern is that during the decade of the 1970s, for these African
countries as a whole, increase in food production failed to keep pace with average
population growth and in at least one-third of the countries, production per capita
has declined significantly over the past 10 years.

It 1s to be recognized that overall nutritional adequacy cannot accurately be '
gauged by national average estimates of production and consumption. Such averages
are often misleading in that they bear the implicit assumption that surpluses in
some reglons or among certaln soclo-economic groups compensate for deficits
eisewnere. llational averages also fail to take account of the very significant
seasonal variations in calorie intake that are known to occur throughout the SAT.
Ary detailed review of nutrient intake over a broad spectrum of the rural people
of the SAT will reveal wide variations among geographical areas, among countries,
among communities, and among and within families living in the same community.

Seasonal Variations

Figure II displays the general pattern of seed time and harvest throughout
the Sahellan region and clearly indicates the seasons of comparative abundance and
scarcity, 1llustrating the inevitable consequence of seasonal malnutrition. The
chart also illustrates the immense importance of creating post-harvest systems
that ensure an adequate and safe carry over from the regions and seasons of
abundance to those of scarcity.

Food consumption levels throughout the Sahel follow a yearly pattern during
which wide seasonal fluctuations are evident. In good years, from December to
mid-March immediately following the harvest, is a period of relative abundance.
This period of relative abundance extends partly into the dry season during the
non-farming months of February and March but between April and July, food supplies
dwindle and during August and September serious dietary inadequacies are to be
found among those who have not maintained an adequate store or who lack the
disposible income to buy from the ubiquitous grain traders.
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A study carried out by 1'Organisme de recherches sur 1l'alimentation et la
nutrition africaines (ORAIA} in the Thiés region of Senegal indicated that dietary
caloric levels fell to 27% below recommended values during the period August
through September. Similar data showing marked seasonal variations have been
found 1in other Sahelian countries with the most serious defilcilencles occurring
during August-September (Dillon and Lajoie 1980).

Urban FPoor

In some countries of the semi-arid regilons the urban poor appeal’ more
susceptible to seascnal caloric insufficienciles than many of the rural poor, a fact
wnich further emphasises the need for greater attention to post-production systems
and adequate food storage and distribution patterns to ensure an adequate surplus
and transfer of food from the rural to the urban communities throughout each year
and between years of abundant and deficient harvests. The contemporary and
rredictably future process of rural to urban migrabtion that 1s evident in many
developing nations, including those of the SAT, will only serve to aggravate and
intensify malnutrition among the urban poor in the absence of efficient post-
production systems of conservation, transformation and distribution.

Post-production research and development also embraces agro-industrial
development which, 1f propagated systematically,can prcvide employment both for
landless agricultural leborers and for smallholder farmers during seasons of low
agricultural labor intensity. This aspect will be returned to later.

Eural Poor

Studies in Africa demonstrate that among the rural population, the most
vulnerable to caloric deficiency and malnutrition are first the landless
agricultural laborers, whose meagre income is derived almost entirely during the
sowing and harvesting seasons, followed by second, the smallholder subsistence
Tarmer. The latter are severely constrained by a small area of production and a
choice of crops limited to those that can survive and yield under the prevailing
conditions of uncertaln rainfall and poor soills. Consequently, for these small-
holders in the SAT, it is exceedingly difficult to produce sufficient food grains
to feed their families even during years of relatively good harvests. During
years of poor harvest and in the seasons immediately prior to the harvest when
food stocks are depleted, the nutritional well-being of both landless laborers
and smallholder farmers becomes precarious in the extreme. The resulting food
price escalations react most severely upon these and the urban poor.

These melancholy conditions will continue to deteriorate in the absence of
post—-production systems that provide for adequate carry-over of stocks between

years and seasons of good harvest and those of deficiency.

Infant Malnutrition

Data from systematic surveys and the perceptive observations of people working
among the rural poor of the Sahelian countries indicate that nutrients available to
small children are not necessarily proportional to the supply of nutrients
available t0 the household.
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The majority of families in all Senegalese reglons surveyed by Yaciuk and
Yaciuk (1980) fed their unweaned children the same foods as are consumed by adults.
The general feeling of most mothers was that breast milk was adequate to meet the
dietary requirements of the child. After weaning the child normally joined in the
family meals, a situation which places the weaned child at a serious disadvantage.
The child lacks the physical agility to compete with the older members of his
family for his food. Furthermore, the child is often unable to consume enough of
the bulky food to obtaln the recommended nutrient supply and where the meal
consists of a mixture mainly of cereal with pieces of meat, the child often ends
up with only small handfuls of the cereal.

In cases where food is insufficient for the whole family, the tendency 1s for
the working adults to be fed at the expense of the children since an inactive child
does not Jjeopardize the family's survival as does an inactive working adult. The
death of a young child is just cause for mourning; the death of the principal
provider of food and income is tantamount to total and ultimate disaster.
Malnutrition among young children not only raises the incidence of infant mortality
through susceptibility to infection but also, in many cases, 1rreversibly retards
the child's learning ability which consequently, among those who survive, decreases
thelr future capacity for maximum work efficlency.

Education programs which alert rural mothers to the special nutritional needs
of their children, though urgently needed, are obvicusly extremely difficult to
implement. Until post-production research can free the African woman from her
demanding and tedious household chores, she cannot be expected to be very
receptive to the suggestion that she spend precious time preparing special foods
for her younger children.

Malnutrition in Pregnant and Lactating Women

Paul et al. (1979) studied, among Gambian women, the quantitative relation-
ships between dietary energy intake and welght galn in pregnancy, birth-weight and
lactation performance during the first three months, so as to take into account
major differences in the patterns of heavy manual labor at different times of the
year in a subsistence farming community. Researchers found that maternal weight
gain and the accumulation of subcutaneous fat were significantly lower when the
last trimester of pregnancy fell during the time of heaviest farm work and lowest
energy intakes. The birth-weight of babies was also significantly correlated with
differences in energy intake throughout the year.

During early lactation breast milk ylelds were significantly related to
concomitant alterations in the subcutaneous fat stores. Ividence has been produced
which suggests that in undernourished nursing women there could be a competition
for dietary energy between the repleting maternal subcutaneous fat organs and the
mammary glands at the expense of milk production.

Food intake of pregnant and lactating women in a Gembian rural community was
measured for a year, using the precise weighing method (Mliller 1979). Grains and
groundnuts accounted for most of the energy (73 and 20% respectively) and protein
(60 and 28% respectively) in the women's food intake. Consumption of all grains
but rice, and consumption of groundnuts were highest following the harvest and
then decreasing continuously till the new crops were in. Rice consumption remained
the same throughout the year.
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Over the whole year, mean dally energy and proteln intakes were 1453 keal and
L5.6 g for the pregnant women and 1664 kecal and 53.0 g for the lactating women.
Lowest values arcse in July, August and September when figures of 1275 kcal and
38.6 g of protein for pegnant women and 1387 kcal and L42.7 g of protein for
lactating women were obtalned. These figures are lowver than those recommended for
British pregnant and lactating women (FAO/WHO report no. 522) but they compare well
with values obtained by reseurchers in other Third World Countries (Norgan et al.
1974 and Vijayalakshmi et al. 1975).

In one other study (Paul and Mlller in press), in the village of Keneba in the
Gambla, a relatively lsolated subsistence farming community, researchers found that
breastfeeding was common until 18 to 2L months of age, but breast milk output
seemed 1nadequate to support the growth of the child after 3 months of age. Most
of the women engaged in heavy agricultural duties during the ralny season of the
year and there was clear evidence of seascnal food shortages. Dietary energy
intakes averaged 1500 kcal over the year 1n pregnant women, and 1700 kcal in
lactating women, but fell to extremely low levels (1200 kcal) at the height of the
rainy season.

The staple cereals of the communities studied were millet and rice, with
seasonal variatlons in groundnuts supply accounting for much of the seasonal
variations in energy intake. Cereals were eaten in preparations containing 60% or
more of water, which resulted in a low energy density (about 1 kcal/g food) and
hign bulk in the diet. The intake of other nutrients also showed large deflcits
compared to internationally accepted recommended intakes, the two outstanding ones
being those of riboflavin and calcium,wvhich were less than one-third of
recommendations at all times of the year. Thiamin and nicotinic acid ilntakes were
not so low, chiefly because of the amounts contributed by groundnuts. Calcium,
vitamin A and vitamin C intakes were higher during the rainy season due to the
consumption of leaves. At other times of the year, apart from two months when
mangoes are plentiful, the intakes may be extremely low.

The Rural Household

It cannot be too heavily underlined that a post-production system 1s not
simply confined to the harvesting, threshing, drying, storage, primary processing
and distribution of cereal grains, food legumes and other food crops. It cmbraces
all aspects of the consumer's household and family that impinge upon and react
with the food supply system. Consequently, the post-production system must be
concerned not only with the nutritional quality and adequacy of the delivered
food supply, but also with such important factors as clean safe water supplies
for drinking and food preparation, with the sanitary conditions prevailing in
villeges and homes, with the facilities wlithin the household for preservatlon and
storage of perishsble foods, with the control of insect and rodent predators, and,
of ever growing importance, with ensuring an adequate supply of fuel with which to
cook the food.

It 1s for this latter reason that IDRC has given so much emphasis to social
forestry and is supporting some 20 projects in countries around the Sahara and in
ﬁﬁmeEHTerid regions of East Africa, each of which 1s concerned with o different
aspect of rural afforestation, village woodlots and the more efficient utilization
of timber in the form of combustible wood or charcoal (IDRC 1977 and Sanger et al.
1977).
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While it may appear intellectually and scilentifically more exciting to devote
limited research rescurces to the microbiological conversion of biomass to ethanol
to quench the insatiable thirst of the automobile, wood remains the most 1mportant
fuel for many, probably most, rural people. Therefore, IIRC is supporting research
to establish village woodlots, and to comblne trees with other crops in countries
of the Near East, lorth, East and West Africa. The more effective use of wood and
wood charcoal through the development of household stoves of more efficient
thermodynamic design is alsc under study 1n Last Africa.

Except among the larger pulp and paper manufacturers, production and post-
production research on forest products has been sadly neglected, particularly
among developing countries. Trees provide not only fuel, but may be a valuatble
source of building and structural materials, feed and shade for animals, fertilizer
and green mulch for crops, and raw materials for many rural industries.

Many trees 1ndigenous to the SAT fall into the above categories. Research
supported by IDRC includes the developmen®t of species of Acacia senegal that are
fast growing and gilve high ylelds of gum arabic, and of a wide range of leguminous
multipurpose species. The ilmproved processing of shea butter derived from
Butryospermum parkit is also being studied in Mali.

IMutrient Deficiliencies 1n the SAT

Because of the heavy dependence upon cereals and legumes, 1t 1s important
that the total nutritional adequacy of diets 1in the SAT be considered. The
prevalence of protein/calorle malnutrition, particularly among young children,
1s indisputable. However, PCM varies 1n its severity among different socio-
economic groups, the available evidence suggesting that during the severe droughts

of the 1970s the nomads and their children were more severely affected than were
settled farmers.

In addition to PCM, vitamin and mineral deficienciles are evident among many
of the poorest in the SAT (Dillon and Lajoie 1980). Vhere cereals are the major
staple food, significant deficlencies of vitamins A, C and riboflavin have been
reported. One of the most serious maladies among young children and women of
child-bearing years is iron defigiency anemia,attributable to the combined effect
of inadequabte avallable iron in the diet, together with heavy infections by blood
and intestinal parasites which interfere with the absorption and utilization of
assimilable iron. Not surprisingly among the land-locked countries of the Sahel
goitre caused by lodine deficiency is widely prevalent.

TUTRTITIONAL QUALITY OF THE SAT CROPS

It may now be useful to review briefly what is known of the nutrient
composition of some of the principal crops of the SAT.

Hulse et al. (1980) have reviewed a substantial volume of literature covering
more than 1700 references that relate to the biochemlcal composition and nutritive
value of sorghum and the principal millets. The review covers all the authors
could find that was published on the influence of genetic, environmental and
agronomic factors of production and the effects of the principal technologies of




29

processing, upon the concentration and compositlon of the essentlal organic and
mineral nutrients present in sorghum and the millets.

Protein Quality

Though wide variations in nutrient composition are reported among samples of
sorghum and the various millets from different locations and with different
genetic backgrounds, it is clear that in compariscn with many other cereal grailns,
sorghum and several of the millets must be regarded as nutritionally inferior.

The range of mean proteln contents (0 x 5.7) from many analyses of sorghum
(Sorghum bicolor) range, on a dry weight basis, from 7.1 to 1h4.2%; in pearl millet
(Pennisetun typhoides) from 7.8 to 19.37%; in common millet (Panicum milacewn) from
9.9 to 17%; in foxtail millet (Setaria ttalica) from 9.1 to 1b.L%; and, in finger
millet (Eleusine coracarna) from 5.5 to 9.9%. Mean lysine values in sorghum protein
range from Tl to 212 mg/g N and therefore the Amino Acid (lysine) Scores range
from 21 to 62 with a median value of about 40. Lysine is the first limiting amino
acld in sorghum and all of the millets and mean values of the Amino Acid Score
calculated from published analyses range from 32 to 87 in pearl millet; 26 to T8 in
common millet; 33 to 36 in foxtail millet; and 47 to 77 in finger millet.

Combined with the relatively low nutritional value of the sorghum protein goes
a comparatively low protein digestibility which on average appears to be of the
order of 50%. Consequently, people who subsist and rely mainly upon sorghum or one
of the millets for thelr principal source of protein require a higher intake of
protein nitrogen than those who enjoy a mixed diet contalning significant levels
of animal protein. For example, 1f any person were to subsist entirely upon
sorghum as a source of protein, the intake of sorghum protein would need to be
approximately five times the protein intake of a person of the same age and energy
output whose protein was derived from egg or milk.

In much of the literature reviewed, the level of proteln present 1n sorghum,
the other cereal grains and legumes of the SAT 1s overestimated through an
incorrect use of N x 6.25 as the nitrogen to protein conversion factor. Relilable
analyses of the amino acid content clearly indicate that a conversion factor of
between 5.5 and 5.7 1s more accurate for all the cereals and legume seed proteins
of the BAT.

Compared to most other cereal grains, the cellulose and pentosan content 1s
exceptionally high in foxtail, common and several of the other millets. The

*limited evidence available suggests that the pentosans of wheat bran are more

digestible by humans than the pentosans of sorghum or pearl millet (Hulse et al.
1980).

Polyphenols in Sorghum

A particular nutritional disadvantage of a large number of sorghum types lies
in the relatively high proportions of polyphenolic tannins present in the pericarp
and/or testa.  Though over a number of years a great deal of interest has been
displayed by research sclentists in the polyphenols of sorghum, it was not until
1976 that the most important condensed tennin was identified and isolated from
sorghum and chemically characterized as a polymeric procyanidin, a substance
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typlcal of a family of related polyphenols often found in plants that displey o
woody hebit of growth. These polymeric procyanidins are generally synthesized by
the shikimate biochemical pathway. High polyphenolic content 1s usually associnted
with a deep brown or reddish brown color of the sorghum pericarp and/or testa and
it 1s believed that the polyphenols present in the outer layers of the caryopsis
increase as the growing sorghum graln matures, some reports suggesting that most
rapid development occurs between 35 and 42 days after anthesis.

It 1s demonstrable that the genetically controlled high polyphenolic character
in sorghum provides the graln with a defensive mechanism against attack by birds,
some insects and microorganisms and to some extent against pre-harvest germination.
t 1s believed to be thelr astringency, resulting from the coagulation of the
glycoproteins of the saliva, that renders high polyphenolic sorghums unpalatable
to birds and memmals.

There seems 1little doubt from the literature availatle that the polyphenols
in sorghum reduce both total and protein digestibility, that they inhibit the
activity of various enzyme systems including amylases, possibly lipases and
proteases. When fed to laboratory and farm animals, sorghum polyphenols reduce
overall biological value, feed efficlency, protein availlability, digestibility and
nutritional efficiency and increase the excretion of faecal nitrogen. It 1s clear
that not only the protein content in sorghum but other ingested forms of protein
can interact in vivo with sorghum polyphenols. Conseguently, a higher than average
protein intake is desirable in diets high in sorghum polyphenols.

Recently a working group met to review the state of knowledge concerning
volyphenols in sorghum, millets, other cereals and legumes and to recommend what
future research is required to provide a better understanding of the formation and
nutritional 1lmportance of polyphenols in the various grains in which they appear
to exist. The report of this working group was recently published (Hulse 1980).

There seems little doubt that the influence of the polyphenolics in sorghunm
can be modified by post-harvest treatment, in some cases for the better, in others
for the worse. Research at Purdue University indicates that, as Judged by rat
welght gain, cooking of high polyphenolic sorghums exacerbates the adverse
polyphenolic effect. On the other hand, in those genotypes wherein the pigmented
polyphenolics are mainly concentrated in the pericarp, they can be largely removed
by abrasive milling such as is described above under Prlmdry Processing, or by wet
alkaline decortication processes.

It would appear that the means of reducing polyphenols were discovered
emplrically by many African people. In certain countries of East Africa sovghum
is steeped in wet wood ash before being processed for eating, and in some West
African countries highly pigmented pearl millet and sorghun are soaked in tamarind
Julce (high in tartaric acid) or sour milk (lactic acid) before being cooked.

It is concelvable that these treatments may lead to some deglree of hydrolysis of
the polyphenols present in the grain.

Of particular interest to plant breeders and nutritionists 1s the recent
finding at Purdue University and at the U.S. Fish and Wildlife Service that
pigmented sorghums, which by chemical analysis appear high in polyphenolic content
and are demonstrably resistant to birds, may be divisible into those which asre more
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and those which are less nutritionally adverse. It also seems apparent that
polyphencl formation and the differences between these two classes of high
polyphenol sorghum types are genetically controlled (Bullard and Elias 1980).

Clearly there exists a very great field of research with opportunities for
cooperation among sorghum and millet breeders, cereal sclentists and nutritionists
in order to provide the rural poor of the SAT with cereal grains that are
sgronomically acceptable to the farmer, nutritionally superior yet acceptable in
cooking quality, flavor and appearance to the consumer.

Of equal concern is the nutritional gquality of the food legumes of the SAT
which, in amino acid composition, are nutritionally complementary to cereal grains,
a ratio of roughly two parts of cereal to one part of legume being close to ideal
in terms of protein nutritiocnal quality.

Findings from INCAP that certain legumes with darkly pigmented seed coats
are nutritionally inferior and of lower digestibility than light seeded genotypes
indicate that the problem of the adverse influence of polyphenclics may be more
widespread than had been previocusly realized (Bressani and Elias 1980). The
various adverse factors that occur in legumes have been reviewed by Liener (1975)
and Bressani and Elias (1977) and will not be repeated here since this 1s neither
the forum nor the medium in which to review comprehensively the nutrient
composition of all the crops of the SAT.

Grain Quality

Nutritional adequacy falls squarely within the sphere of interest of those
responsible for the elaboration, improvement and management of post-production
systems. Unfortunately, grain quality 1in relation to nutritional need and to
functional properties and those characters whilch influence acceptability have been
seriously neglected in the past and deserve and demand much greater attention in
the future.

Though higher yield potential must remain a high priority for cereal, legume
and oilseed breeders, high yield must be combined with other essential properties:
graln types that can be satisfactorily processed industrially or domestlcally;
that do not require excessively long cooking or which display other characters
unacceptable to consumers; that are selected with due regard to the nutritional
needs and deficiencies of the eventual consumers. The future calls for a greater
degree of integration of interest and effort among agricultural scientists, and
food scilentists and technologists than has been evident in the past.

AGHO-INDUSTRIAL DEVILOPMENT

Agro-based industries offer a substantial yet relatively untapped potential
for off-farm employment and income generation among many rural communities of the
developing countries. They deserve a greater degree of systematic study than they
have received to date.

Agro-industries, whose purpose is to conserve and transform the raw products
of agriculture, represent an integral and important segment of all post-production




systems. Earller in the text several different methods and technologies by which
cereals, legumes and oillseeds can be processed were discussed. Most of the
relevant literature and much of the effort of food scientists and technologists
worklng 1n thelr 1institutions throughout the developing world appear largely
dedicated to the development of new products and the component technologles by
which to produce themn.

Relatively little attentlon appears to be given to ilncreasing the
technological and economic efficiency of the food and agricultural processing
industries that already exist within developing countries. In order to manufacture
and market any new product, someone must establish the necessary facilities for
processlng and distribution. An existing enterprise can manufacture and distribute
a new product only if one of the following conditions exist:

(2) an unused capacity within the existing processing facilities;

(b) the elimination of previously manufactured products to make way for the new
innovation; or

(c) the financing and construction of new processing equipment and the buildings
to house it.

The second and third alternatives clearly embody varying degrees of economilc
rigk, a risk which relatively few small scale manufacturers can afford to take.

Though the first alternative, the employment of excess and unused facilities,
zay not be immediately evident on first and superficial examination of most small
irdustries, a hidden capaclty for greater productivity often does exist and can be
revealed by a systematic operations research study of the vhole manufacturing
entity, the methods by which its available resources are organized and employed,
together with a comprehensive evaluation of the opportunities for, and constraints
to a nore efficlent utilization of the economic, technical and human resources
avallable. As has been demonstrated by the methodologles and techniques employed
in modern farming systems and cropping systems research, productivity can be
increased and resources can be more efficiently used as a result of operational
systems research into all aspects of the post-producticn system.

Operations systems research can be extremely beneficial to agro-industries,
whether they be large highly mechanized complexes, or comparatively simple labor
intensive rural food processing factories. The technical and economic efficlency
of all industries can be improved by systems research both in the amelioration of
existing processes and in the development of new ventures.

A SYSTEMATIC APPROACH TO POST-PRODUCTION RESEARCH

Some scientists, not excluding those in developing countries, appear to
overlook several important historical facts. Tirst, food and agricultural
technologies were 1n existence many thousands of years before systematic scientific
research devoted to food and agriculture came onto the world scene. Half a million
years ago Peking man (Sinanthropus pekinensis) used fire to cook and therefore to
preserve meat from various of the ancestors of our contemporary animals. He
probably extracted the juice from wild berries and either he, or one of his many
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generations of successors, discovered that the seeds of natural wild grasses could
be ground, mixed with water and cooked to provide appetizing foods.

More than 10,000 years ago Egyptians and Sumerians used ridged and
hollowed out stones to grind cereal gralns, and al some polnt in time discovered
by controlled grinding and winnowing of the ancestors of our modern wheats the
means by which to separate all or part of the seed coats from the endosperm. It
1s interesting that flour milling as practised today i1s not different in
fundarental principle from the system used by the ancient Egyptians, Greeks and
Fomans, and that only during the last 25 years, with the introduction of mechanical
development to replace long fermentation, has any fundamental change taken place
during 6,000 years of breadmaking technology.

It seems probable that through the perception of the more curious and
imaginative of many generations of farmers, agricultural systems have evolved in
a manner that 1s rational and logical to their agro-climatic, social and economic
envirorments. Consequently, 1t would seem sensible that food and agricultural
scientists who seek to help and improve existing agricultural production and post-
production systems, should first comprehend the systems that have been so painfully
evolved over many centuries of trial, error and observation.

Food sclence and technology has contributed greatly to the high standard of
living of inhabitants of the industrially developed nations of North America,
Burope and Oceania. But in contrast with the success of the international
agricultural research system, food science and technology programs for the benefit
of the least privileged in developing countries have been generally less
spectacular. Though one can find many examples of food research, food technology
and food industry development projects in developing countries that have been
productive and beneficial, many others have fallen short of original expectations.
It 1s the author's belief that many of those that failed to live up to the hopes
of their creators did so tecause they sought to begin thelr research in the
laboratory rather than with acguiring an understanding of the consumers, food
processors and distributors whom thelr research was seekling to serve; those
responsible often overlooked the necessity for a thorough comprehension of the
total existing system before attempting Lo introduce novel innovations or improved
components and technologies.

The pattern by which such advanced technologies as nuclear energy, electronics
and aero-space machines were developed, presents an intimidating and often
misleading example to those who seek to apply science to long-established
technologies and artisanal crafts. Nuclear energy may be regarded as an unplanned,
unforeseen derivative of remarkable research by sclentists whose purpose was to
g