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Foreword

This Bulletin reviews the limited amount of infortitm that has been recorded
relating to the post-harvest technologies of theshable (non-grain) staple foods that
have been developed in the traditional societiethefdeveloping countries of the
tropics. These foods are derived primarily from titogical root crops; cassava, yam,
sweet potato and the various aroids; from fruithsas banana and breadfruit; and
from the starch reserves laid down by various marmc plants (mainly palms such
as sago).

The production of this document was originally ceimed in a series of informal
discussions, initially between Dr. Nay Htun of tbaited Nations Environmental
Programme (UNEP) and one of the present authorsl. Coursey), and gained
further justification from one of the conclusioresached at the FAO/UNEP Expert
Consultation on "Post-Harvest Losses in Perish&bleds of Plant Origin" (Rome,
1980), which stated:

"Traditional effective methods for preventing aeducing post-harvest losses need to
be identified and exploited; this includes mainte®of continuous supply, storage
for restricted periods, and transformation to dleaproducts. Some valuable
traditional technologies for food preservation sre&langer of becoming lost because
they are being superseded by more sophisticatetiosetof doubtful! long-term
value. Modern and technology intensive methods Ishbe applied appropriately
according to prevailing conditions including cu#lifactors. Efficient and proper
management of such technologies is as importarthegypes of equipment and
facilities selected".

The present publication is a joint effort by the itdd Nations Environment
Programme (UNEP), the Tropical Development and &eselnstitute (TDRI) and
FAO. It is hoped that this document will be of walun indicating the importance of
the subject, so acting as a stimulant for furthadies and application of traditional
technologies.

Correspondence concerning this publication shoeldikected to:

Chief

Food and Agricultural Industries Service
Agricultural Services Division

FAO Headquarters

Via delle Terme di Caracalla

00100 Rome, ltaly



Chapter 1 Introduction

Most studies on post-harvest technology have sodacentrated on grains and other
durable products, which are stored dry and a sotistatechnology has been

developed to deal with these problems. Much lessk\mas been undertaken on the
perishable food crops, yet they are of great ingma# in many parts of the humid and
sub-humid tropics and contribute the staple carbadtg portion of the diets of some
500-700 million people in the developing countries.

The socio-cultural background to the societies whosterial sustenance depends
primarily on these staples is also discussed, amiphasis on their ecocentric rather
than technocentric philosophies. It is consideteat in many cases the traditional
technologies, developed in the distant past withubhsistence agricultural societies,
may be especially appropriate, as is considergtdduin Chapters 3 and 4. During the
last decade or so, much effort has been devotedilbteral and multilateral aid
agencies to investigations and action programmethenpost-harvest sector using
such terminologies as "rural technology”, "grasstsotechnology”, "small-scale
technology”, "intermediate technology”, or "apptiafe technology”, but the greater
part of the conceptual philosophy of such work basn derived primarily from the
conventional scientific approaches of the developedd and has neglected the very
considerable corpus of knowledge that has beemadeted in traditional societies,
relating to their crops, over the past centurieslennia.

In the case of the tropical perishable staple fpadsch have no close analogues in
temperate zone agriculture, this neglect of thealiticmal wisdom is especially
unfortunate, as the underlying philosophies of thdtures in which they are
extensively grown are not, to use the terminolo@ySwift (1979), so much pre-
Galilean as non-Galilean, and are extremely alteethbse of Europe, within which
scientific thinking developed (Coursey, 1976; 1978a is discussed further in
Chapter 4. The main theme of this document is th#& store of traditional
knowledge, especially of the post-harvest technplaigthese perishable staples, has
remained largely untapped, but possibilities nénedelss exist for the interaction of
modern scientific concepts with these traditiongtems. The subject has already
been discussed briefly by one of the present asit{fdoursey, 1981a; 1982), while
recently there has been a development of inteFesivés and Chambers, 1979; Swift,
1979) in giving consideration to the value of thdigenous technical knowledge in
various fields.

This document sets out to review what is knownatoleast what has been recorded
(which, regrettably, is much less) of the post-katvtechnology of the perishable,
non-grain staple foods of the tropical world, aslenstood within the cultures which
are primarily dependent on them. These are predamtiinthe indigenous cultures of
the humid, low-altitude tropics, to which the mdijpiof the vegetatively propagated
food crops belong and within which they are oftdnaa ecological advantage
compared with grains (see Chapter 2). Attentioal$® given to the specific role of
women in the post-harvest technology of the pebkhataples but little firm data is
available on this subject.



The document is fully referenced, as far as possfbbm material that itself provides
good sources of further reference material.

Chapter 2 The major tropical perishable staple foods

Overall, in the less developed countries of theit®, as in the temperate world, the
most important staple foods, i.e. those which ptevihe carbohydrate or calorific
basis of diets, are the grain crops, but the tedpiorld, in particular, includes a great
variety of ecosystems, typified by widely differinfipod production systems.

Especially in the humid and sub-humid tropics,rgdgoroportion of the staple food is
derived from crops other than grains. These nomgrperishable staples are
estimated to provide the dietary base for betwe#h A0 million people across the
tropics. Recent FAO statistics indicate a highéatinee importance of perishables in
the tropics than in the temperate world (AGS Builgio. 43, 1981; Coursey, 1982).

These perishable staple foods are very largelyymed from small-scale subsistence
level systems and the technologies employed in patkduction and utilization are
usually simple and founded on long-established ittcachl practice. The most
important are the root crops; cassava, yams, theugaroids, sweet potatoes and
white potatoes (Coursey and Haynes, 1970), the potaluction of which is now
around 185 million t/a; fruits such as cooking beas (plantains) and breadfruit are
also important, still the former being a major famith a world production of over 20
million t/a, while a proportion of the dessert baaarop also is eaten as a staple,
cooked while unripe (Burden and Coursey, 1977)rethare also crop products
derived from vegetative organs such as stem starohg@alms and other types of
plant.

The principal crops in this group are listed in [Ea®.1, which also includes estimates
of total production within the developing countriekerived as far as possible from
FAO sources but supplemented from personal knowledigone of the writers
(D.G.C.). It should be noted that much larger quti@stof white or Irish potato and of
sweet potato are produced in temperate countras ith the developing countries.
White potatoes, being familiar from the extensiterature of the temperate zone will
not be considered in this report.

Under humid tropical ecosystems the perishablelestapps are often far more

productive than grain crops, whether in terms afdpction of tonnage, economic
return or available energy per hectare per yeaMfiks et al., 1967) as is shown in
Table 2.2, derived from Johnston (1958). Especiallythe case of cassava and
plantain, these crops require a lower labour iripytrovide a given amount of food
than any other crops (Coursey and Haynes, 1970-Idlbour input to sago-based
food production systems also appears very low (Btarand Flach, 1980). A

schematic layout, originally due to Coursey and tBop 1977) of a system under
which these staples can be classfied, is giverabier2.3.

It is not proposed in this report to give full détd accounts of the botany or
agronomy of these crops; it is assumed that thderewill be familiar with them.
Reference can be made to such general works asdhwrs (1968; 1972); Cobley



(1976) or Leakey and Wills (1977), or for more deta crop-orientated monographs
such as Jones (1959); Montaldo (1979); Coursey71%immonds (1962; 1966);
Edmond (1971); Yen (1974); Ruddle et al. (1978) Stahton and Flach (1980) .

Although the perishable staple food crops are,lil@ady indicated, essentially crops
of the humid or sub-humid equatorial and tropicalions, their ecological
requirements vary considerably. At one extreme, Ntetroxylon sago palms and
some cultivars of Colocasia flourish under swamgwen flooded conditions: other
edible aroids, some yams, plantains and breadémd sweet potatoes are well
adapted to semi-continuous production under cadtiof high rainfall with only a
minimal dry season: at the other extreme, other gpaties are essentially seasonal
crops of the derived savanna and require a promalrdry season for full
development of dormant and, therefore, long-stotifgers. Sweet potatoes and some
aroids can also be produced in the savannas, eititlar irrigation or as rainy season
crops, the former is also grown at relatively higltitudes. Cassava is the most
ubiquitous and will grow almost anywhere where ¢hare no severe frosts, a
reasonable growing period above 20°C, at leastr860 of annual rainfall and an
absence of waterlogging or extreme salinity. Thiatikee ecologies of the main
perishable staple food crops have been discussé&thblg (1979) and Wilson (1977).
The different optimal ecologies for growth of a groan affect the type of post-
harvest technology most likely to be appropriateit®products.



TABLE 2.1: The Principle Perishable Staples of th@ropical World

Common Names Botanical Names Estimated Production In
Developing Countries

Megatonnes/a

Cassava (tapioca, manioc,
mandioca or yuca)

Yam (igname, name)

Sweet potato (batata)
Potato
The edibile aroids:

Taro, dasheen, eddoe, "old
cocoyam"

Tannia, ocumo, "new cocoyam"

Elephant yam
Giant taro, swamp taro

Plantains and other cooking
bananas

Breadfruit
Ensete
Sago
Pandanus

Manihot esculenta Crantz (often, incorrectly, Mlisgimma, Pohl.) | 100-120

Dioscorea rotundata Poir, Droaysis Lam., D. alata L., D. esculeri8-22
(Lour.) Burk. and many minor Dioscorea spp.

Ipomcea batatas (L.) Lam. 15-20
Solanum tuberosum L. (and S. tuberosumat@genum crosses) 25-30
Colocasia esculenta (L.) Schott
Xanthosoma sagitéf@l.) Schott 4-6
Amorphophallus campanulatus (Roxkujrigl
Cyrtosperma spp. Alocagia sp
Musa spp. (AAA, AAB and ABB cultivars 25-30
Artocarpus altilis (Park) Fosberg 1-2
Ensete ventricosa (Welw.) Cheasm. about 1
Metroxylon sagu Rott., M. rumphii Mart. ansesal 1-2

Pandanus odoratissimus L.f less than 4oanel other species



TABLE 2.2 Relative Production Cost of Staple Cropsn West Africa (after Johnston, 1958)

Ranking
Cheapest

Costliest

Per hectare
Plantain
Millet

Maize
Sorghum
Rice
Cassava
Cocoyam
Sweet Potato
Yam

Per ton Per 1 000 cal.
Plantain Plantain
Cassava Cassava
Sweet Potato Sweet Potato
Cocoyam Maize
Yam Cocoyam
Maize Sorghum
Sorghum Millet
Millet Rice
Rice Yam



TABLE 2.3 Classification of Staples (after Courseyand Booth, 1977)

STAPLE FOODS (i.e. predominantly carbohydrate)
GRAINS

PERISHABLE STAPLES

REPRODUCTIVE ORGANS

(e.g. fruits: plantains, cooking bananas, breatJfrui
VEGETATIVE ORGANS

STEMS

(reserves for flowering in mono carpic spp., eagyc ensete)
ROOTS AND TUBERS

ORGANS OF DORMANCY (yams, potatoes, sweet potatassd root crops)
OTHER ROOTS

(cassava-tapioca)

Chapter 3 Basic principles of post-harvest technology
of perishable food crop products: and the magnitude
of post-harvest losses

The majority of studies so far undertaken in theolhfield of post-harvest
technology have been concerned with grains, gragurhes and other durable
products which are stored dry, usually at moistumetents below around 12-14%. In
these products, post-harvest deterioration is largaused by the attack of external
agents such as insects, moulds or rodents andndd@sise from endogenous factors.
Those investigations that have been undertakerenshable crops have concentrated
on the more typical, high-unit-cost horticulturabgucts such as fruits and vegetables
rather than on the low-unit-cost staple foods, Eisaity different approaches are,
therefore, necessary when dealing with the latteag of crop products and in many
cases the traditional technologies, developed endistant past within subsistence
agricultural societies, may be especially appraperidhey were developed within
societies subject to serious constraints on thema#tand even more the energetic,
resources available, and which were further, agcateld in Chapter 4, essentially
ecocentric rather than technocentric in their @afghical orientation. There exist
possibilities for the injection of modern sciertifconcepts into these traditional
systems, although, most unfortunately, there htendfeen a tendency among those
who have received a modern scientific educatiorefect traditional technologies as
"primitive" and fit only to be displaced by soplgstted modern systems, although the
latter may sometimes represent sub-optimal teclgmedofor the situation (Coursey,
1978a; 1982). It is part of the purpose of thisorego stimulate interest in these
possibilities and their application.



The Essential Features of the Perishable Staples and of their
Storage in the Fresh State

The more important of these essential charactesistre given in Table 3.1 in

comparison with those of the better-known graind @ther durables. This is based on
a table prepared at the FAO/UNEP Expert Consuttatibthe Reduction of Food

Losses in Perishable Plant Foods (AGS Bulletin, M8, 1981), but has been
somewhat expanded by the present authors. Sombest taspects need further
discussion, however.

It has already been mentioned that most of thescb@ing considered belong to the
humid or at least the semi-humid zones of the ¢pThus, in many cases, there is
little seasonality of harvesting, and suppliesreth food are thus available for most
or all the year. Societies dependent on these cogps thus practice ™storage

avoidance" - the spreading of crop production tghmut a large part of the year

and/or its processing into stable products immedjiaafter harvest, or as in some
cases leaving the crop standing in the ground #igepptimal harvest date (a concept
originally developed by Booth, 1974; 1982). Elalberstorage techniques were never
developed and processing consists merely of détakibn where necessary, or of

rendering the food into palatable form - oftenlditmore than simple cooking at the

household level. This situation is in marked costtta that of grain-based societies,
where harvesting of the staple crop is confined tonited period and storage for a

whole year is needed.

Unlike the grains and similar crops, the perishatéples are all of inherently high
moisture content, usually over 50% and often aro60& to 70%. This governs
virtually all further considerations that bear de tpost-harvest technology of these
staple foods, whether in traditional or in soplkested systems. In particular,
consideration of this characteristic in each indlidl case must influence the
fundamental decision: is a particular crop prodocbe stored, when it needs to be
stored at all, in its natural fresh state, or iibe processed soon after harvest into
some more durable form? Processing may sometimesdessary (e.g. with cassava
and some yams) to eliminate toxicity, or to enhaheeorganoleptic acceptability of
the food. In other circumstances, its primary fiotimay be to render the food more
easily transportable (for medium to long distandé in food products among
subsistence societies has been much more widesgtedidrap, 1973; Coursey,
1978b) than is commonly realized). Alternativelypgessing, most commonly some
form of drying, may represent a means of elimirgatime perishability from the fresh
crop product by its conversion into a more durastable product, although any dried
or other processed product will have its own sterpgpblems, often comparable to
those of the grains.

The carbohydrate element is normally economicéailéyleast highly valued portion of
the diet, so all staple foods tend to be of inhgydow-unit-value, although there is
much variation in preference and, therefore, primween individual staples,
depending on culture-historical and organolepttdes. Nevertheless, carbohydrate
foods are generally valued primarily on the basistheir calorific value: the
perishables, which consist more than half of wakelf,normally have a lower unit-
weight-value than staples of lower moisture contenth as the grains, though this
may be offset by their greater productivity (TaBI2). The perishable staples are also



bulky and awkward to handle and have peeling améropreparation losses of as
much as 10% to 30%. As perishables thus tend tofldew-unit-cost even when
compared with other staples, the use of sophisticechniques such as refrigerated
or controlled atmosphere storage, often used fgh-binit-cost horticultural perishable
produce is generally precluded. Attention to simpiaditional technology thus
becomes especially appropriate.

The edible products of the perishable staples ianmegl organs and remain so after
being harvested; in most cases they exhibit redtilrigh rates of metabolic activity.

The correspondingly high rate of respiratory atyivheeded to support this

metabolism implies that throughout any storageqgokrpart of the total mass of the
organ is continually being converted from stardio icarbon dioxide and water which

are lost to the atmosphere. Appreciable weight fass this process is thus inherent
in any storage and ventilation is necessary sodtlatuate supplies of oxygen from
the air are available for the respiratory process] thus life, to be maintained.

Similarly, storage life will always eventually berminated by factors associated with
the organ's natural biological function, as parthef plant from which it was derived.

Organs of dormancy, such as most root crops, wittage lives measured in weeks or
months, contrast with fruits and cassava roots wliserent storage life is normally
quite short, days, or at most weeks (Coursey aadt&r, 1975; Proctor, 1981).

It is thus necessary to consider the concept oéranit storage life, which is of
fundamental importance in the understanding of plest-harvest behaviour of
perishable staples in the fresh state. A great d@albe done to reduce postharvest
loses in these commodities and to extend theiagtotife but there is always a limit
beyond which they cannot effectively be kept. Baléms limit, the produce is either
shrivelled or rotted to destruction, or has beencbkanged by its endogenous
metabolism as to have become totally unacceptabldoad. As indicated, this
inherent life is related to the essential naturaldgical function of the plant organ
and may be only a few days, in the case of the imgkty perishable soft fruit which
are very susceptible to fungal attack especiallemwkully ripe and which quickly
pass from ripeness to senescence or some leafyabbege which easily wilt; while at
the other extreme, organs such as the tubers atgast or yams can remain in the
dormant state for several months before their gorge is finally terminated by
sprouting. Between these extremes could be citedntbre durable fruit such as citrus
or bananas, but even here the life of the fruitansacceptable item of food will
eventually be terminated by the natural onset néseence.

Perishable staples are of relatively low mechanst@ngth which is also related to
the high water content. Soft fruit or leafy vegd¢asbare conspicuously susceptible to
mechanical damage but even such apparently rugged ias potatoes and yams are
also extremely liable to mechanical injury (Cours@g Booth, 1977). Much attention
needs to be paid to the preservation of the phlysitegrity of the produce: this is a
field where the respect that the subsistence dgrralist traditionally pays to his
staple crops, contributes greatly to the successsaftorage techniques.

To minimize post-harvest losses in perishable etaphe first essential is to maintain
the physical and physiological integrity of theatgted but still living plant organs, as
losses arise from assaults on this integrity (Gayennd Booth, 1971, 1972; Coursey
and Proctor, 1975). Secondly, the natural life rbayprolonged - but only within



limits - by the provision of optimal environments ©y manipulation of the
physiological state of the material. Thirdly, byetkelection of material for storage
that is entirely sound and also in an appropriatedion for storage. Summarizing,
losses are minimized by choosing healthy matendl lkeeping it healthy, but at the
same time accepting that the life of all living eva&l will eventually end. The factors
that affect the storage life of perishable prodaoe discussed in more detail in the
papers quoted above and by Coursey (1983).

The Magnitude of Post-Harvest Loses in Perishable Staples

Although the question of the magnitude of post-Batvloss in perishable
commodities has been the subject of consideralilatdeduring the last decade, little
reliable information is yet available. Conservatigss estimates for stored grain and
similar "dry" produce, as used by FAO in developitsg°PFL Programme, were about
10%. With the perishable crops it has been consieela estimated from the limited
data to be found scattered in the literature, togretvith what might best be described
as anecdotal information (Coursey, 1972; Coursey Booth, 1972; Coursey and
Proctor, 1975; Coursey and Booth, 1977) that thed toss is of the order of 25%.

Even in the U.S.A. perishable produce has beenribesc (Brody and Sacharow,
1970) as "the victim of phenomenally high wasteaose of incredibly poor handling
practices”, and "the loss rate as a result of plelthandling ... is frightful". An
analysis of the situation in the U.S.A. over thevwus thirty years (Pentzer, 1976)
concluded that although there had been some reduati post-harvest loss with:
some commodities as a result of many years of relseavith other commodities
losses had actually become more serious, whileentestudy (Harvey, 1978) found
market losses of fresh produce in New York marketsange from as little as 1. 7%
for apples to 22.9% for strawberries: of espe@#wance to this report is that even
under U.S. conditions the commodity which suffetied greatest market loss, after
the very delicate strawberries, was ewe-et potdtted %).

In the developing countries of the tropical wotlte situation is certainly worse than
in the developed world, but even less hard infoiomats available. A number of
specific cases of both staples and other peristmblduce were reviewed by Coursey
and Proctor (1975), Proctor (1981) and Coursey 3L98part from the estimates
already quoted of a total post-harvest loss initapperishables of around 25%, it
was suggested by Parpia (1976) that in tropicaicAfand India, losses in perishable
foods are around 30%. The meeting concerning pylek held in 1977 by the U.S.
National Academy of Sciences (N.A.S., 1978) workiedthe absence of any hard
factual information, on the Delphi Principle of sonarizing the estimates and guesses
of a number of professionals of some authority hie field. Some of the figures
produced by this process are given in Table 3.Zrevthey are compared with those
in the T.P.l. (now T.D.R.l.) publications quotedoPably the most useful outcome of
these discussions, together with those that toalceplat the FAO/UNEP Expert
Consultation in 1980 (AGS Bulletin, No. 43, 19813sxto etablish that the magnitude
of post-harvest losses in fresh perishables isiadist impossible to quantify without
reference to a particular commodity and individsiiation. It is evident that under
different conditions and length of storage and wiiiferent commodities, almost any
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loss figure between 0% and 100% may genuinely hendo Overall, losses of
perishable staples are extremely serious and pradable that the total loss of
perishable staples in the developing world is betwd0% and 30%, varying
according to commodity and location-specific steragnditions. Each local situation
needs investigation and analysis on a particuldividual basis and broad global
figures of loss such as have been quoted are afevalainly in indicating the
magnitude of the problem that exists which in tumplies the need for urgent action.
These loss figures would be far higher were it footthe widespread practice of
storage avoidance with the perishable staplesditional societies in the tropics.

Processing of Perishable Staples in Traditional Societies

The processing techniques adopted within traditi@oaieties for perishable staple
foods are usually extremely simple, in keeping wilte ecocentric philosophies of
most of these societies. As already indicated, ggsiag is used either to eliminate
toxicity, or to convert the more highly perishalied products,- i.e. those with
extremely short storage life into more stable padsluOnly manual operations and
manually operated equipment are considered inpihidication. Mechanical devices
are not considered as traditional but as improvethods which actually may reduce
drastically the length of the processing and plytialiminate the tedious work.
Traditional processing requires no special devimggnd pans, mats, woven basketry
and wooden sticks and is, therefore, a low investroest method.

Drying techniques are used for the manufactureetstively stable, low-moisture-
content products which may be more convenient torgiterm storage or for
transportation. As will be seen in Chapter 5, maofktthe perishable staples are
sometimes dried, usually be slicing or chippingnstimes followed by parboiling,
drying and finally pounding or grinding into floufhe essential drying phase of the
operation is usually carried out using some formuotoated heat energy: most
commonly sundrying is adopted, the sliced, chippedccasionally grated material
being spread out in the sun, usually on mats, ot peepared surfaces, to minimize
contamination. Little is understood of the naturfetlwe drying process and few
investigations have been made, except on cassapa ichthe commercial context
(Manurung, 1974; Best, 1978) which indicate thatflmw may be more important
than the degree of insolation. Alternatively, theaste" heat from household fires lit
primarily for cooking or other purposes may be usedl in these cases some
contribution to preservation may also be made leyitisect-repellent effects of the
smoke. Only in comparatively rare instances sucthasmanufacture of farinha or
gari from cassava, are substantial amounts of ématgy, derived from wood fires,
generated especially for the processing operagoan here, some initial removal of
water is undertaken by pressure, e.g. by usingipite which is a more energetically
economical method of drying than the applicatiorheat (Lancaster et al., 1982). In
general, therefore, traditional processing methéms the manufacture of dried
products make only minimal energy demands.

Detoxification, e.g. of cassava and some yams istnsommonly undertaken by

soaking the product, either whole, sliced or graiadwater. Most commonly, the
running water of streams is used, but where thi®tsavailable, static water in pots or
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other containers may be used. In either case lhitl@o energy is required by the
processing. Soaking processes are also used, mrespective of the need for
detoxification, to extract starch from the crop gwot, for use in various forms as
food. Many traditional food processing operatiomgive what are loosely described
as "fermentations” (Hesseltine, 1965; Hesseltinal.etl967). Little is known of the
actual nature of the processes involved, excepghéncase of the fermentation of
cassava to make farinha or gari where a numbern@brerganisms are known to be
involved, but in other cases the changes that pdkee may be purely endogenous
biochemical ones without the involvement of any gewmous micro-organisms. The
function of these "fermentations” may include ddtoation, as in the case of
cassava,; the development of sourness or acidityhenfood material, for example
under the influence of lactobacilli, which can emtethe storage life even of undried
products such as the Polynesian ma-type foods (A&80a); or simply the
development of preferred organoleptic properties With the other types of
processing described, no significant external ismitenergy are required, although
some proportion of the original crop product maycbasumed or lost in the course of
the "fermentation”, in supporting the metabolic gagsses of the micro-organisms
involved.

TABLE 3.2 Estimates of Post-Harvest Losses in Pehable Staples (%)

Commaodity Early TPI Estimates® NAS? (1978) Estimates
Potatoes 8, 30 5-40

Sweet Potatoes 35-65, 95 55-95

Yams 5,15 10-60

Cassava — 10

Taro 12-15 —

Plantains 33 35-100

1. Coursey, 1972; Coursey and Proctor, 1975; Counsd\Baoth,
2. NAS = National Academy of Sciences

Chapter 4 The ego-cultural nature of societies
dependent on perishable staple foods

The majority of the societies that depend substliypton the perishable, non-grain,
staple foods have developed, often in extremelyeabhdimes, largely or entirely

independently of the domestication of grain cropd the larger herbivorous animals
in South-Western Asia that constituted the so-dafldeolithic Revolution”. They

belong within the tropical/equatorial world, rath#yan within the sub-tropics or
temperate regions. Modern agricultural sciencedea®loped very largely within the
culture-historical matrix of Western Europe anceliknost other areas of scientific
thought and endeavour, its philosophy has been nmietpenetrated by what should
really be regarded as the folk ethnocentricism hef Western European peoples
(Uchendu, 1970). Even when scientific thinking pléed in the field of tropical
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agriculture, its application has been deeply infkedl by conventional "European”
modes of thought, many of which are of nonscientifi pre-scientific origin. This
situation has been exacerbated by the politicalcaftdral hegemony which Western
Europe has exerted over most of the world commuinisn The Renaissance until
very recent times, which has led to the false buely held view that the cultural
values of Europe (with its extensions in North Ama&r Australasia, etc.) are
inherently superior to those of other cultures. BlodEurope with its "Scientific
Revolution" descended culturally through Renaissara Medieval Europe from the
Mediterranean cultures of ancient Rome and Greec@)deed is evident in everyday
social matters. Those Mediterranean cultures deeckm turn through the Judaeo-
Hellenic tradition and other cultural contacts fréime still older cultures of the Nile
Valley and the Mesopotamian region of South-WesaA# continuous cultural-
historical tradition thus exists, direct, even ff great time-depth, between modern
Europe and the so-called "Neolithic Revolution" gfhtook place in Mesopotamia or
on the fringes of that region, some 10 000 yeaos atyen the initial domestication of
the grasses that gave rise to the grain crops e @nimals that are still the basis of
modern animal husbandry, took place (Coursey, 19968a).

Throughout the entire cultural history of moderrrdpe and its antecedents, grains,
together with some leguminous plants and animatlysts, have been the major
foods. The vegetable foods, the grains and pulses all propagated from seed. As a
result, the concept of "seed time and harvest"dmasred deeply into the thinking of
peoples in all of the civilizations that have depad within this culture-historical
continuum. In these cultures, food is often ingtuiely and indeed symbolically and
ritually identified with grain or its products, duas bread. Many of the pre-Christian
religions of the Mediterranean cultures and ofyeBurope were based on a reverence
for corn, while in more recent times, corn and Udrdeave retained a cultural
significance far beyond their nutritional role, it the framework of Christian
symbolism (Jacob, 1944). To the present day, thgnatly Biblical term "daily
bread" remains virtually a synonym for food withiEuropean-derived cultures.
Vegetatively propagated crops were of little impade in these cultures prior to the
introduction of the potato which when first intragd into Europe was a subject of
much approbium and was adopted mainly by the namtamically depressed social
groups (Salaman, 1949). Although root crops wer®wkn the radish being
extensively grown in ancient Egypt and the carromdsticated in Europe during
Roman times, they were all seed propagated and asremmodated within the
conceptual framework of grain crop agriculture. Megetatively propagated staple
food crops such as the tropical root crops andratberces of perishable staple foods
that form the subject of this document were unknown

The perishable staple foods are derived essenfraliy the vegetatively propagated
food plants discussed in the previous Chapter 2ytoth the tropical root crops are
the most important. These are all essentially plasft the humid or sub-humid
lowland tropical or equatorial regions, except tbe potato and some minor root
crops, derived from the highland tropics of the &sidin recent years, some of those
crops have spread into the more humid parts ofrthcal savannas, or even to the
temperate regions. The patterns of food produdiased on these crops have been
appreciably influenced in comparatively recentdngtand especially during the last
century, by contacts with peoples predominantly s¢hoof European origins.
Nevertheless, the initial origins of these crop na and the processes of
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domestication which first brought them into symisosvith man as crops were
independent of the Neolithic Revolution and itsoagsted cultural concepts. The
cultural patterns that have developed in the tadf@quatorial regions based on
perishable staples are perhaps most clearly sely io the yam-orientated cultures
of West Africa (Coursey and Coursey, 1971) and kMetza (Barrau, 1970; Coursey,
1972; Tuzin, 1972; Yen, 1973a) but there is evideioc the existence, at a very early
stage of human history, of "a continuous ring afdgaing cultures”, based on the use
of vegetatively propagated crops, extending rigitoss the tropical/equatorial zone
of the Old World (Lomax and Berkowitz, 1972). Thugltural continuum has been
largely destroyed by incursions of grain-basedurelf into Northern and Eastern
Africa, the Middle Eastern area, India, the Indar@se peninsula and Indonesia,
several thousand years ago, but nevertheless merentr than the original
domestication of either grain or root crops. Insthétervening areas, except amongst
a few relict peoples, cultural patterns associatgld yams and aroids have declined
very greatly under the influence of cultures dedeeinfrom the Neolithic Revolution,
but at the two extremities of this former continyuime earlier root crop orientated
cultures have survived. In West Africa, the ancigan cultures have retained their
traditional structure until recent years while askiting the introduction of cassava.
In Oceania, root crops, notably yam and taro, hesmmained predominant in
Melanesia and also accompanied the Polynesian tioigsawhich started from the
South-East Asian mainland to the furthest islarfde® South Pacific (Barrau, 1965a;
1965b).

Similar evolution of cultures with root crops asithnutritional base, took place
independently in early pre-Colombian times in toaglequatorial latitudes in the New
World where Xanthosoma, sweet potato and, most itaptly cassava were
domesticated, paralleling in many ways the yam @ntbcasia cultures of the Old
World. Likewise, also paralleling Old World histergestructive culture contact took
place in northern South America, firstly with indigpus Amerindian maize cultures
and secondly, and even more disruptively, subsddodiuropean contact, following
Colombus' "discovery" of the Americas in 1492. Thatter contact, however, has
facilitated the dissemination of New World cropghe Old, and vice versa. Cassava,
in particular, has expanded rapidly across the\ttld tropics mainly in the present
century, very largely through its spontaneous adagty subsistence agriculturalists,
already accustomed to other vegetatively propagatepols who have recognized the
production potential of the crop; its adaptability marginal climatic and soil
conditions; its immunity to many pests; and aboVéshigh return of food per unit
labour input. Similarly, Asian and African yams, |Gmasia and the plantains and
other cooking bananas were transferred from thet@tde New World and breadfruit
was taken in domestication from the South Padaifitdpical America and Africa.

The philosophies of peoples whose cultures aret bwilritionally on vegetatively
propagated crops as their staple resource, arentedlse different from those of
peoples who depend on the grain crop/animal husharainplex. These differences
derive from cultural origins, specifically from theethods by which the different
types of crop were originally brought into domestion by Man. In these processes,
Man not only modified plants to make them moreahlé for food production, but by
initiating artificial food production systems becammself the product of an artificial
nutritional complex. Human culture is thus, at tess part, an artefact of Man's
relationships with his crop plants. Plant domestica can thus be regaded as a
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reciprocal process, in which Man is himself doneated by the crops with which he
has become associated just as he has domestibatad The consequences for Man
of the evolution of these contrasting food productsystems have not been explored
except in very general terms, but major cognitind eonceptual differences certainly
exist. These have penetrated deeply into humarureuland ways of thought,
eventually becoming formalized and ritualized idearto maintain cultural and social
continuity, for in pre-literate (or even in liteedtsocieties, "Ritual is ....... the DNA
of society, the encoded informational basis ofwelt...... the memory core of human
achievement" (Campbell, 1966).

An important difference in cultural behaviour beémegrain-based agricultural
societies with systems derived from the Neolithiev®lution and those with

vegecultural systems was first pointed out by Headirt (1964). The former, dealing
with crop plants which require a direct, active aslective approach by Man have
led to an "interventionist" mentality and ultimatéb the type of cultural system that
has now become dominant over most of the worldveimdh automatically perceives
Man as dominant. Conversely, the more indirect desls positively active

relationships developed between Man and the vegelyaipropagated crop plants of
the tropical/equatorial regions have led to a "mderventionist” attitude of mind

resulting in an altogether different view of Man as integral part of the overall
ecosystem rather than as something above, sepamdtedominating it (Coursey,

1978a; 1981b).

The Neolithic Revolution was essentially a traumatiocess, initiating rapid cultural
changes which came about originally as a respoms&réss (Wright, 1971). The
culturehistorical process that led from there ® dlevelopment of modern technology
passed through two further traumatic discontinsitibat served to reinforce and
emphasize the interventionist type of attitude #ie¢ady had been inculcated by the
initial stressreaction of the grain crop domestorasituation. Firstly, there was the
emergence of bronze-using cultures, whose metahlrpase depended on scarce,
highly localized, mineral deposits. Possessionhef metal conferred great military
and economic advantages on those who controlled fiavouring the development of
more closely organized, hierarchic social struguamong those who had access to
copper and tin, and these groups because of thentayes conferred by the metals
and the organizations their possession inculcadéedrne dominant in the South-West
Asian and Mediterranean worlds and later and seggran much of Southern and
South-Eastern Asia. Secondly, the adoption of nvadli€hristianity, itself deriving
from South-West Asian and Mediterranean sourcesthbyvigorous but barbarian
cultures existing in Northern Europe around 1500G00 BC, provided these peoples
for the first time with a theoretical basis for aeding themselves as a separate and
inherently superior creation from the rest of theldgical world. This, as their
descendants achieved world domination in the p@&lelonial era, laid the
foundations for the rapidly approaching ecologimais now facing the entire world
(White, 1967).

No such sudden break with the past or with adjaoemterpenetrating cultures was
involved in the processes which brought the pebkhataples into symbiosis with
Man in the tropical/equatorial regions. The donuadion of these crops can be
viewed merely as a phase in the slow evolution aymbiotic inter-relationship
between plant and Man, emerging from the concept$mtection” which non-
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agricultural peoples have concerning their wilddqgaants (Burkill, 1953; Barrau,

1970; Coursey and Coursey, 1971; Coursey 1972). Wbginnings of this

evolutionary process may indeed be as old as huyndiie relationship between pre-
human hominids and their plant foods may have dmrtd as much to physical
evolution as the more recent domestication probassto Man's cultural evolution
(Coursey, 1973Db).

After the domestication of the vegetatively-propgadacrops and the establishment of
food production systems based on them had occunedirther traumatic changes
took place in the cultural evolution of the tropitgardening” societies comparable
with those that have just been discussed until vegent times. Some cultures
remained using only stone tools until the ethnolgi@present or made the transition
directly from stone to the use of the more demdaxnabn without any significant
intermediate use of the elitist copper-based melthitshly socially stratified societies
with technologically sophisticated artefactual céemps did not, therefore, emerge.
The pagan religious systems that remained domitrantighout their history until
very recent times laid much emphasis on maintaiaipgoper balance between Man
and the ecosystem of which he formed a part andethdhose elements within
traditional pagan religion that are concerned wiidnt life and food production are
often very largely systems of ritual sanction desidjto regularize and control the
interaction of Man and his crop plants to mutuataadage (Barrau, 1965a; 1965b;
Coursey and Coursey, 1971; Tuzin, 1972; Courseg84.91981b).

The agricultural systems based on grains could ladésoompared to the reproductive
strategy adopted by those species which produge lanmbers of offspring but take
little care of them, so that only a small propartisurvive (K selection), whereas
vegecultural food production systems, essentiadistitultural, may be compared to
those species which have few offspring, but takieieht care of them to ensure a
high rate of survival (r selection).

Taking all these factors into consideration, thapital cultures based on perishable
staple foods may be regarded as being essent@lbeatric, i.e. orientated toward the
maintenance of an overall ecological balance, imtrest to the technocentric
approach, which pertains in most "Western" cultuvdsere the introduction of a new
technology is normally regarded as the first esaetdwards the solution of any
problem that may arise (Dawson, 1981). Becausehef dcocentric rather than
technocentric approach; the relatively simple tetbgies that have therefore
emerged; and also because of the identificatioth@fcivilizations ancestral to those
of Europe with a graincrop basis, it is often assdrthat any culture based on the use
of non-grain or perishable staples must be at herently low level and that it is only
the grain-orientated cultures that can be based symbiotic relationship between
Man and plant; and that these must be contrastaglghwith all other cultures where
Man is viewed as being purely parasitic on his emment. In many parts of the
tropics, however, the reverse is true and peoplesdepend on perishable food crops
or who use grains only to a very secondary degraee hoften achieved very
substantial cultural levels where relationshipghe total environment are often far
more profound than those which occur in the moghllyi socially organized grain-
based agricultural civilizations.
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As has already been discussed in Chapter 3, thehpogest technology of the

perishable staples is often based on the avoidainomg term storage, rather than on
the evolution of sophisticated storage or processathniques. Thus, storage and
processing have often been developed primarilyxésnsions of normal household
food preparation activities, and are thus seenmany societies, as essentially a
woman's function, as opposed to food productiorctvlim many societies is often a
traditionally male role. It must be emphasized, beer, that there are extremely wide
degrees of cultural and philosophical diversity wesn cultures which are

nutritionally based on perishable staple foods som&hich diversity fundamentally

affects woman's roles in the crop storage/procgssitnations. Overall, however, it

appears that the role of woman in the storage aed enore in the processing of
foodstuffs, is a very substantial one and the mooeplex the nature of the

processing technigues employed, the greater theawsnnole is likely to be. It must

be emphasized, however, that no general rules ealradwn in this matter, across the
whole varied spectrum of cultures oriented towgneisshable staple foods.

Chapter 5
A. Cassava

Cassava (ManihoesculentaCrantz), also known as yuca, manioc, mandioca or
tapioca, differs from the other major root cropghat its edible roots are not organs
of dormancy and do not appear to have a naturaiiftmin the preservation of the
plant through the dry season. Thus, the roots arenherently adapted for survival
and once harvested they deteriorate rapidly, deugjoa vascular discoloration
within a few days which renders the roots unpalatadnd also unsuitable for
subsequent processing (Averre, 1967; Booth, 1948jtdMdo, 1973; Noon and Booth,
1977) .

Traditionally, the problem of storage has usuabgitb overcome by leaving the roots
in the ground until needed and once harvesteddoegs immediately into a dry form
with a longer storage life (Ingram and Humphrie®/2; Rickard and Coursey, 1981)
. The roots can be left in the ground for severahths after reaching maturity but a
disadvantage of this system is that large aredéandfare occupied by a crop which is
already mature and is thus unavailable for furtee. Also the roots become more
fibrous and woody and their starch content andtghility declines (Greenstreet and
Lambourne, 1933; Jones, 1959) and in addition, eqidlity to pathogenic losses
increases (Doku, 1969) .

One means of storing fresh cassava roots whiclib&éas used since ancient times by
the Amerindians of Amazonia (Edmondson, 1922)pidury the harvested roots in
pits or trenches, a technique probably derived ftbencommon practice of leaving
the cassava unharvested. Similar techniques haeebakn reported in other areas of
the world (Affran, 1968; Irvine, 1969). For a shpdriod cassava roots can be kept
fresh by being heaped and watered daily (Affrar§8)9nd a coating of paste made
from earth or mud is said to preserve the rootddar to six days (Hiranandani and
Advani, 1955; H.A.G. Rao, 1951).
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Improved storage techniques, not used traditionatigl, therefore, not described in
this publication, have recently been reviewed bgkRid and Coursey (1981) . Such
techniques range from the simple methods of stahiegroots in clamps or boxes to
the more advanced techniques of cold storage ezifrg.

In general, most cassava, if not used immediatitgr darvest, is processed into a
more durable form and a wide variety of food prddwand beverages are traditionally
prepared from the root using a large number ofnoftery complex processes
(Lancaster et al., 1982). However, the need to ymed storable product, although
clearly important, has not been the only reason tf development of these
processes, an additional stimulus having been éeel mo reduce the toxicity of the
root.

Cassava contains two cyanogenic glycosides, linamand lotaustralin, which
hydrolyse in the presence of the enzyme linamarals®, found in cassava plant
tissue, to release hydrogen cyanide (HCN) (Nart378). Contact between the
cyanogenic glycosides and the enzyme occurs ongnwihe tissues are mechanically
damaged or there is a loss of physiological intggas for example during post-
harvest deterioration or wilting of the leaves (&my, 1973a). Many of the
traditional techniques appear to be designed gpaltyf to bring about the contact
between substrate and enzyme by cell rupture, ¥amele, by grating or pounding
and elimination of the released HCN is then acldelg volatization or solution in
water (Coursey, 1973a).

Studies on the effectiveness of traditional casgaeaessing techniques in reducing
the HCN levels in the roots have been carried ndtleave been reviewed by Coursey
(1973a). This work has shown that the techniquesedace the total cyanide content
of the roots, although the results are often ofstjarable reliability, due in part to the
analytical methods used (Cooke and Coursey, 1#849ently, however, a new more
reliable and sensitive assay for cyanide has beseloped which distinguishes
between free and bound cyanogenic glycoside (Cddk&8) and using this technique
it has been shown that while free cyanide is reducensiderably, substantial
amounts of bound cyanide may remain in the prodessas (Cooke and Maduagwu,
1978). Using roots with an average initial HCN @mtof 63 mg HCN/kg, of which
8-12% was free cyanide, the effectiveness of drybmgling and steeping cassava
chips in water was tested. Boiling for 25 minutesnoved over 90% of the free
cyanide and 55% of the borend. Air drying at 46&&0&moved 82.5% of the free
cyanide and 29% of the borend cyanide, with smadisses in borend cyanide at
higher temperatures. Stirring in cold water for réhperiods was ineffective in
reducing cyanide levels but over a period of 18reoduring which time fermentation
set in, a 50% loss of borend cyanide occurred (E@wid Maduagwu, 1978).

Cases of acute poisoning from ingestion of casaay@ccasionally reported (Hanlon,
1981) and high incidences of chronic degeneratiseases, goitre and cretinism have
been linked with the consumption of a cassava(@shuntokun 1972; Delange et al.,
1982). However, the cases of poisoning are compahatrare considering the

millions of people who regularly consume cassavmgssting that the traditional

detoxification techniques are generally effecti@®(rsey, 1973a). Both chronic and
especially acute cassava poisoning appear gendéoalhg associated with diets that
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are grossly deficient in sulphur-containing amingdda such as methionine and
cysteine which are necessary for the detoxificatibayanide in the body.

Cassava cultivars are frequently referred to dseeitsweet” or "bitter”, bitterness

being associated with higher toxicity, but whiléstforms a rough guideline there is
no exact correlation between HCN content and degfgerceived bitterness (Sinha
and Nair, 1968). However, using this terminologisithe "bitter" varieties which are

generally subjected to the more complex processel as are involved in the

preparation of farinha or gari in order to redube HCN levels, while the sweet

varieties are often eaten after more simple prejoaranethods such as boiling or

roasting, or occasionally even raw although theyaso processed by more complex
methods. The widespread myth that "bitter" vargetiave higher dry matter contents
and are thus more suitable for processing, hasunad&tion in fact.

Cassava is believed to have originated as a ctétivalant either in south Mexico and
Central America or in northern South America (Rege963; Renvoize, 1972); it
spread in cultivation throughout tropical Americefdre European contact in 1492,
and was later introduced to other tropical regiohshe world. A great diversity of
processing techniques has developed in differegibms. Some of the processes are
used in all areas either because they are stangetttbds for preparing starchy food,
such as boiling or roasting or because they wdredaoced with the cassava when it
was introduced from South America. Other techniqaes unique to particular
localities having been developed independently,etones based on methods used to
prepare indigenous staples (Jones, 1959).

The simplest techniques used to prepare cassavanfoediate consumption are
boiling, roasting or baking. Peeled roots are lbilhole or sliced and served in a
variety of ways. For example, in African countrig®ey are popularly eaten as a
vegetable served in a sauce (Affran, 1968; Dok691®ovlo, 1973; Ekandem, 1961;
Favier et al., 1971; Goode, 1974; Whitby, 1972)ilevim India boiled slices are often
incorporated into curries (N.S. Rao, 1951) or gfated mixed with shredded coconut
into a product known as puttu (H.A.G. Rao, 1951br@bmanyan, 1951). Slices of
cassava root are commonly added to stews of oegetables and meat such as the
sancocho popular almost throughout South Ameridag/A1963; Schwerin, 1971).
Roasting the roots is less popular with the Ameans than boiling and generally
only resorted to when no cooking utensils are ab#l Frying is believed not to have
been used traditionally but to have been introdumgduropeans (Schwerin, 1971).
In contrast, both techniques are widely practicedAirica both East and West
(Alberto, 1958; Doku, 1969; Goode, 1974; Leitao7 1.9Whitby, 1972). Roots are
roasted by placing them whole in the ashes ofeadiirslices of peeled root are fried in
oils of various kinds according to availability atate. In Vanuatu grated cassava is
wrapped in banana leaves and baked in an oven éViass Barrau, 1955a).

The more complex technique involving pounding &f tassava roots into a paste is
particularly popular on the African continent whetrés a very widespread method,
also applied to other starchy staples such as emesy yams and plantains (see
appropriate sections). The resulting paste fronthese crops is generally known in
West Africa as fufu, also foofoo, fuifai, foufogutou and vou-vou depending on the
locality. The term futu or one of its variants isaapplied to pastes prepared from
cassava starch, flour and grated roots.
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Fufu can be prepared by boiling or steaming peetsdava roots and then pounding
them in a wooden pestle and mortar until a homogesn@aste is obtained which is
eaten with soups or stews of meat or fish (Affrh868; Anasanwo, 1942, Collins,
1911; Ekandem, 1961). An alternative method isolmkshe unpeeled roots in water
to soften them for pounding, soaking normally betane in running water, i.e.
streams, although stagnant water can also be fme8ito 4 days, during which time
some fermentation may occur. When soft, the rooésramoved from the water,
peeled and pounded into a paste either to be borlsttamed and eaten immediately
or stored for about a week, often in baskets umrgdded for cooking or until sold in
the market (Ekandem, 1961; Favier et al., 1971eplns1973; PFL/GAB/001, FAO
Technical Report). In Cameroun the paste is matielamg stick-like shapes (30-60
cm long and 2-4 cm in diameter) known as batondeimcaor balls known as
chickwangue. These are wrapped in banana or Caéotesves and tied firmly for
cooking or sale (Favier et al., 1971).

A fermented paste (attieke) popular in the Ivorya§tdas prepared by steeping peeled
roots in water and then grinding them to a pastehwis left for two days in a jute
sack under heavy stones to ferment. The pastanieved from the sacks, crumbled
by hand and steamed to be consumed with milk oh witat and vegetables
(Leloussey, 1970).

The main means of preserving cassava roots foagois to produce some form of
dried product, the end product generally beingoarflalthough the dried roots are
often stored in some other form. Many different Imoels are used for producing flour
from cassava around the world, some techniquegheiad in most cassava growing
areas, others being more localized in use.

A technique widely used in Africa to prepare caasHour is to first prepare a fufu
paste as described above and then to dry thisrétheun-drying or over a fire. For
smokedrying, a method used for example in the fa@ses of Cameroun, the paste is
made into balls or chickwangue, wrapped in leaves @aced on a screen over the
hearth for about 15 days although it can be lefgéy until needed. After removing
the leaves and scraping off the black coating wkacims during drying, the dry paste
is ground into a flour (Favier et al., 1971; Josep®73). If sun-dried, the paste is
simply spread out onto mats for 2-3 days and theuargl into a flour (Anasanwo,
1942; Adriaens, 1951; Favier et al., 1981; Jos&pi3; Whitby, 1972).

In Zambia, cassava roots (either soaked or unsoakedrding to taste and the
necessity to eliminate cyanide) are mixed withrenntation starter known as kapapa
which consists of partially dried cassava slicext thave been allowed to develop a
coating of mould. The mixture is left to ferment ie6 days, then sun-dried, pounded
and sifted into a flour (Whitby, 1972) .

The simplest method used and probably the mostspréad certainly in Africa or
Asia, for preparing flour from cassava is by suphly slices or chips of peeled roots
which can then be stored as dried chips and groiodh flour when needed (Alberto,
1958; Anonymous, 1919; Anonymous, 1941; Doku, 1988ylo, 1973; Godfrey-
Sam-Aggrey and Bundu, 1979; Tallantire and Goo@&51 Velcich, 1963) or stored
in the form of flour. The sun-dried pieces are knodior example, as gaplek in
Indonesia (Anonymous, 1919; Anonymous, 1941) ankokte in Ghana (Doku,
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1969; Dovlo, 1973). Drying generally takes 3-10 slajthough only 1 or 2 days is
sufficient in ideal conditions and once dry, th@shcan be stored for 3-6 months, the
main problems being attack by moulds predominaAsypergillus and Penicillium
spp., infection generally beginning during the dgystage (Clerk and Caurie, 1968;
Rawnsley, 1969) and insects (Ingram and Humphd®32 ; Parker et al., 1981;
Parker and Booth, 1979) . A method for extendirggdtorage life of chips to up to 12
months and also speeding up the drying procesg paitboiling them before drying, a
technique often used in India and West Africa (H@madani and Advani, 1955; Doku,
1969; Ingram and Humphries, 1972) .

In some areas the roots may be soaked, unpeeleahdot 5 days before drying. For
example, in Nigeria a flour known as lafun, an imanot staple foodstuff amongst the
Yoruba of Western Nigeria (Oke, 1965), is prepamedhis way and in Angola,
bombo or makessu are dried chips prepared fromesobedots which are stored and
ground into flour known as fuba (Alberto, 1958).

In East Africa, particularly Uganda and Kenya, tassava roots are encouraged to
develop moulds, before being completely dried refadgtorage, by placing the roots
either fresh or only partially dried in the darkr feeveral days (Anderson, 1944;
Goode, 1974, Tallantire and Goode, 1975).

A variety of methods are used traditionally forrstg dried chips. For example, a
common method in Zaire is storage in baskets olwerhtearths where the smoke
probably serves to inhibit insect attack (Jone$§9)9vhile in contrast, in Uganda,

storage near a smokey fire is said to make thesalnpalatable and dried chips there
are stored in ridded baskets, sealed by plast&rittgcow dung and standing on stilts
(Kerr, 1941).

Dried Cassava chips are sometimes cooked, as &n@e in India, by boiling or
frying (Anonymous, 1952; Subrahmanyan, 1951) buteraften they are ground into
flour and generally elsewhere flour is the end podin Africa, the flour is most
often mixed with water to form a thick sticky mamssporridge similar to fufu and
called by a variety of different names includindufor one of its variants (Adriaens,
1951; Alberto, 1958; Dovlo, 1973; Ekandem, 1961lyi€aet al., 1971; Whitby,
1972). Cassava flour is also made into a sort ofriggee in South India
(Subrahmanyan, 1951) but more often it is useddkenone of the traditional Indian
foods such as chappatis (Anonymous, 1952; Hiramaradad Advani, 1955). Cassava
flour is sometimes mixed with flours from other psosuch as millet and made into a
porridge (Tallantire and Goode, 1975) or bread (igea, 1961; Jones, 1959).

Amongst the most important products from Cassawutsrare the coarse meals known
as gari in West Africa and farinha de mandiocao(alalled farinha seca, farinha
surahy) in Brazil and which are again storable potsl The techniques used in the
preparation of gari and farinha are very similéae basic technology having been
introduced into West Africa by settlers from Brainilthe early 1800's (Affran, 1968;
Jones, 1959). Peeled cassava roots are grateedzeguer pressed to remove the juice
and then sifted and "garified" by roasting on aahetate. The essential difference
between gari and farinha de mandioca lies in tlygedeof fermentation which occurs
before or during the squeezing or pressing staae,bging left for longer so that a
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greater degree of fermentation occurs giving itclisracteristic sour flavour which
distinguishes it from the farinha, and which isfereed by the West African palate.

In South America, once grated, the cassava wagtitraally squeezed in a long
cylindrical basketry press or tipiti which is susgded from a house beam or tree
branch by a loop. It is so constructed by diagomabving that when stretched
lengthwise by hanging a weight on it or by usirig\eer at the lower end, its diameter
decreases, so compressing the contents (Dole, 19%6e, 1963). Less sophisticated
devices are traditionally used in West Africa ahd pressing stage takes longer, 3-5
days generally, compared to just overnight usirggtipiti. The grated Cassava mash
is placed in jute sacks or cloth bags and squeleyedvariety of techniques, often by
simply placing heavy stones or logs on top of theks for 35 days (Affran, 1968;
Anasanwo, 1942; Doku, 1969; Dovlo, 1973; Jones91%ke, 1968; Vignoli and
Cristau, 1950).

After this stage the processes again convergeeinivib localities, the partially dried
cassava being sifted to remove any coarse fibrdshaated over a fire in a wide
shallow pan with continuous stirring to prevent tbemation of lumps, resulting in a
free flowing granular meal (Doku, 1969; Jones, 19S6hwerin, 1971). Gari and
farinha can be stored for several months if prgpdried during manufacture and
kept dry during storage (Jones, 1959; Schwerin1)197

Most commonly gari and farinha de mandioca areneasea gruel prepared by mixing
the meal with water or mixed with less water asoagt, accompanied by soup or
stew. The gruel may be sweetened with sugar ornaganied by groundnuts or
grated coconut. In Brazil, farinha is often spratklas a condiment on a variety of
foods and is known by the name farofa when usdtli;mway (Affran, 1968; Doku,
1969; Ekandem, 1961; Schwerin, 1971; Jones, 1959) .

Farinha can also be prepared from roots which bae& soaked for 3-8 days in water
before grating and is then known as farinha d'agu#&arinha puba (Anonymous,
1971; Goldman, 1963; Lecointe, 1922; Metraux, 1988hwerin, 1971 ; Tastevin,
1954).

In South America a second popular product is maal® grated and pressed cassava
roots, a "bread" known variously as cassave, casmje or couac depending on the
locality (Jones, 1959; Lecointe, 1922; Lowie, 196®straux, 1963; Montaldo, 1979;
Reynavaan and Vos, 1954; Schwerin, 1971; Tastel®®4). When heating the
partially dried cassava pulp on a griddle, instegstirring continuously as for farinha
the pulp is pressed into a thin layer and toasteceach side forming a large flat
circular cake. This can be eaten fresh while soft inside (Goldman, 1963) but is
more commonly sun-dried several days until hardhebugh in which state it can be
stored for several months (Schwerin, 1971).

The extraction of starch from cassava roots ishrigue used widely throughout the
cassava producing regions and basically the saoee$s is used everywhere. Grated
cassava roots are washed with water and the sthigphg strained through a cloth
into a container where the starch is allowed tdlesetut. The water is decanted off
and the starch dried and used for baking, for bgilas dumplings or stored until
needed (de la Cruz, 1970; Doku, 1969; Ekandem, ;1Bl@anandani and Advani,
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1955; Sturtevant, 1969). In South America starckraditionally obtained as a by-

product of the manufacture of farinha, the stareimdp allowed to settle out from the
juice squeezed out of the grated cassava in the t§chwerin, 1971) . Starch is

generally baked into cakes, called sipipa by thebSaf tropical America (Schwerin,

1971), roskete in the Trust Territories of the Radslands (de la Cruz, 1970) or pot
bamie in Jamaica (Sturtevant, 1969). In parts geNa, starch is collected from roots
that have been soaked several days, then rubbegdgthia sieve into water in which
the starch settles out, the water being decantedmaf the starch boiled, pounded,
reboiled and made into a dough known as fufu oemttroducts (C.K. Coursey,

1973).

In many parts of the world cassava starch is furecessed into what is known as
tapioca in world trade. Wet starch is heated iraa while stirred continuously until
the grains burst and gelatinise into globules. Thigenerally consumed as a sort of
porridge mixed with milk or water and it can alse Istored (Affran, 1968;
Anonymous, 1933; Hanson, 1939; Lecointe, 1922; QRé6; Schwerin, 1971). This
product is, however, little used in traditional sbes.

Another dried product which should be mentionetthéstraditional Philippine product
known as cassava rice or landang (Cedillo, 195R)s Ts made either from roots
which have been peeled and soaked in water fod&yg and then macerated and air-
dried, or from freshly grated roots which have bpesssed to squeeze out the juice.
The pulp from either method is placed into a winmmgwvbasket and whirled until
pellets are formed. These are then dried on a nthsamed in a coconut shell or on
screen mesh placed over a vat of boiling wateer afhich they are sun-dried for 3-5
days and stored until needed. They are said to keep6 months in a cool, dry place
before going mouldy. Landang can be eaten withaahér cooking but if preferred it
is soaked, boiled, re-soaked, mixed with cocontit amd reboiled.

In tropical America, particularly the Amazon lowls) cassava beers are an
important product and these are also preparedris pé Africa but on a much more
limited scale. In South America, fermented casdaserages are commonly called
kashiri or chica (the term chica is also appliedni@ize beers) and are prepared by a
number of different techniques often involving nzetion of the cassava root or one
of its products. Mastication has the effect of sjieg up fermentation due to the
action of the salivary enzymes which initiate av@sion of starch to sugar. Cassava
bread is often used as a basis for the preparafidreverages; left to ferment for
several days after first moistening in water or tisaing and sometimes toasting and
then mixing with water it produces an intoxicatimyink (von Hagen, 1949;
Montaldo, 1979; Schwerin, 1971). Alcoholic bevemgee also made from roots
which have been soaked in a flowing stream for &knguring which time they
ferment (Schwerin, 1971), from grated cassava teftferment under leaves
(Montaldo, 1979) and from boiled pieces of cassat&h are first chewed, mixed
with water, heated and left to ferment in jars Halfied in the ground for 2-3 days
(Metraux, 1963). Both alcoholic and non-alcoholevérages are also made from the
cassava juice or yard collected during the proogssf farinha (Schwerin, 1971) .

In Uganda cassava beer is made from cassava flbichvis mixed with water and
left to ferment for a week, after which time it isasted over a fire, put into a
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container with water and yeast and left for anoteek. The liquid is then drained
off, sugar added and left for a further 4 days tetlvinking (Goode, 1974).

Another important use of the cassava juice or yquieezed out of grated cassava is in
the preparation of a spiced sauce known as cagsardbe West Indies, tucupy in
Brazil and kasiripo in Surinam (Anonymous, 1933;nklan, 1939; Lecointe, 1922;
Reynvaan and Vos, 1954). The yard is seasonedpefipers, pimento, garlic, herbs,
etc. and boiled to a thick syrupy consistency.He Caribbean cassareep forms the
basis of the "pepper pot" in which meat, fish arehetables are cooked and
maintained for years by boiling each day and adélmtper ingredients as necessary
(Anonymous, 1918).

In the South Pacific the fermented product knownmes is normally made from

breadfruit and sometimes from banana or taro (segosis below). However, on the
Solomon Islands of Anuta and Tikopia cassava faimsbasis of this product which
is known here as ma manioka or masi manioka (Yéi3l; 1978). The roots are
soaked in water for a few days on Tikopia and whkeft, peeled, squeezed and
ensiled in pits lined with leaves. On Anuta theseno suitable surface water for
soaking and so the roots are placed in pits ariddefa few weeks, then recovered,
peeled and returned to the pits for a further perim prepare for consumption, ma is
baked alone or with freshly pounded starchy roofsuits.

There are numerous other products prepared fromc#ssava roots in various
countries of the world and these have been catatbguore fully in a recent review
(Lancaster et al., 1982). However, the productsudised here are among the most
important in terms of their contribution to worleéets, and serve to indicate the range
of traditional processing techniques and also éinge of storable products that can be
prepared from the cassava root.

The processing of cassava by the traditional teghes is often a very laborious and
timeconsuming occupation and is invariable carmed by women. A survey of
several villages in Nigeria showed that it takesagarage of 90 hours to produce a
103 kg bag of gari, the whole process from uprapthre cassava and transporting it
from the field through to the "gasifying" being doby women alone or in groups.
The most unpleasant part of the process was cossdidey the women to be the
"gasifying” as during this they are exposed to retefar many hours at a time
(Williams, 1979). Similarly, in South America, thgomen of many Amerindian
groups spend a large proportion of their time bottihe cultivation and processing of
cassava. For example, the daily preparation of da&uth as cassava bread, which
involves arduous tasks such as grating the rave tmphand, may take up to 75% of a
woman's working time and during festivals her whiitee may be devoted to the
preparation of special alcoholic beverages frons@es (Goldman, 1963).
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B. Yams

The genus Dioscorea contains about 600 speciésugl most of the edible yams
are derived from only about 10, and of these then€&uyam, Dioscorea rotundata
Poir. and D. cayenensis Lam. are generally theemedd carbohydrate staple in Africa
while D. alata L. and D. esculenta (Lour.) Burke #ine more widely used species in
the Caribbean and Pacific (Coursey, 1967). The finee named normally produce
annually a single large tuber often weighing fromtdb 10 kilograms while D.
esculenta produces a large number of small tuBéss. in widespread cultivation is
D. bulbifera L. which forms small aerial tubers laulbils in the leaf axils. Other
edible species include D. hispida Dennst. growmamy parts of Asia, D. dumetorum
(Knuth.) Pax. grown in Africa and D. trifida L.f.hch is native to central America
and the Caribbean. Also D. opposite Thunb. andaponica Thunb. are grown in
temperate areas of China and Japan.

Yam tubers are organs of dormancy, having evoleeghtible the plant to withstand
the hot dry season of savanna areas in the dostetetand hence they are inherently
well suited to storage in the fresh state when irequby man as food. In practice
most yams, unlike cassava, are normally storedhénfrtesh state while only a very
small percentage are processed. The storage lifesvgreatly between species and
even between cultivars, but the best keeping a@rliv principally forms of D.
rotundata deriving from the drier areas of the sa@a can be stored for 3-4 months
and sometimes for longer periods (Coursey, 1967).

The basic principles of successful yam storage thee provision of adequate
ventilation, access for regular inspection andgatdn from direct sunlight (Wilson,
n.d.) and many of the more sophisticated techniquesporate these principles.

The simplest storage technique is to leave thersuibethe ground until needed, as is
practiced with other root crops and this methaostilsused to a limited extent in some
of the remoter parts of West Africa. Extending tieshnique, freshly harvested tubers
may be packed in ashes and covered with soil oplgisovered with a few inches of
soil and grass mulch. Another simple method inwelstacking the tubers into small
heaps after harvest as is done in some parts afa®édind Asia. Some protection from
sun and flooding is often afforded by careful sitgrof the sites in crevices of rock
outcrops or in large trees and the small size efithaps insures adequate ventilation
throughout. However, the yams are very susceptiblermite and rodent attack and
also to pilfering when stored in this way. Yams naso be stored in heaps on the
floor or on shelves in sheds or huts which may ay mot have been constucted for
the purpose, or in the case of Southeast Asia wherbouses are often built on stilts,
underneath the house (Coursey, 1967; Irvine, 1969).

In the Ivory Coast, yams are often stored in sitiatched shelters known as koukou,
or in small earthen silos (Miege, 1957). The sdos simply hollowed out pits in the
ground, the earth which is dug out being used tmfa low wall around the edge:
these are used mainly for early crop yams harvdstéate the end of the rainy season
which will be kept only for limited periods. A sifar technique is used in parts of
northern Ghana (Coursey, 1967). The small thatthes of one metre in height are
generally constructed in the shade of large treestlae yams are stacked one on top
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of the other up to the top of the hut. Hence, dhly harder varieties which do not
bruise easily can be stored in this way and thés®es are said to be conducive to
attack by scale insects (Miege, 1957).

The commonest type of store used in West Africthés yam barn which has been
discussed in some detail by Coursey (1967). Thasbaary considerably in design
and construction between different areas but allsisb in principle of a vertical or
nearly vertical wooden framework to which the tubare fastened individually with
string or other local cordage material such asaatthe frames are usually 1-2 metres
in height but can be as much as 4 metres high emdr@am 2 metres upwards in
length according the the amount of material to toeesl. The vertical posts of the
frame are often made from timbers which when leftacked will take root when set
in the ground, for example, species of Dracaenajc@dia, Ximenia and Gmelina.
This reduces the risk of collapse as a result rofite attack or rotting and also helps
to provide shade. Poles of 5-10 cm in diametepleed in the ground about 1 metre
apart and cross members of lighter wood, bambopatm-leaf midribs (Elaeis or
Raphia species) attached, and finally to thesefastened lighter vertical sticks
providing a fairly rigid structure.

There are two variations to this basic design wisicbuld be mentioned. One which
is widely used in Ghana, involves the use of adamumber of vertical poles set
closer together in the ground, only 10-30 cm apatti cross members as before, but
avoiding the need for the secondary sticks. Instheond, paired cross members are
fixed parallel to one another either side of theigal poles or on two poles set side
by side. This means the yams can be tied perpdadicuo the frame instead of
parallel to it, so increasing the storage capatitye barn.

Two or more frames may be erected alongside edwr anhd surrounded by a fence
or hedge for security, or four frames may be caomstd to form a rectangular
enclosure with the yams tied only to the inner svédr security. A thatched roof may
be added for shade or the branches sprouting fhenilive” poles may provide the
only shade. Barns are often built, however, undershade of forest trees. Although a
short period of exposure to the sun may facilitage"curing” of yam tubers (Been et
al., 1977), it is essential that they be protedtedh direct insolation for long term
storage (Coursey and Nwankwo, 1968; Rickard and<ayy1979).

Essentially similar, but often elaborately ornamaémstructures are found in parts of
Oceania such as Papua New Guinea, Trobriand IskamdisNew Caledonia (Barrau,
1956; Girard, 1967). Barrau (1956) describes actira consisting of a platform of
poles supported on vertical poles about half aerabove ground level and shaded by
a thatched roof. The yams are stacked verticalltherplatform held in place by a rim
of horizontal poles around the edge of the platfoFime same author also mentions a
simpler method used in Vanuatu whereby individuddets are suspended from a
horizontal pole supported about 1 or 2 metres alloeground by 2 forked sticks set
in the ground: a technique occasionally used intVdésca. In Papua New Guinea
huts of two floors are sometimes used, closed ir8 aides by walls of leaves and
reeds and supported above the ground on polesyarhs for planting are placed on
the lower platform while those for eating are pthom the upper floor. Yam tubers
may also be suspended on hooks from the roof (§Gil&67).
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The storage life of yams is finally terminated Whe tbreaking of dormancy and
subsequent sprouting but storage of tubers for ts@dcan be extended by as much as
a month by breaking of the emergent sprouts whey déine 20-30 mm long (Coursey,
1981a). Most farmers in traditional yam-growing isties are well aware that only
sound, healthy tubers are suitable for storage m@pelct others for immediate
consumption or processing. Further, they know viaat only recently (Passam et al.,
1976) been scientifically established, that a lerws abrasion is far more likely to
lead to decay in storage than a clean cut. It isnabtraditional practice to cut away
any bruised or decayed portions, and often rulclben wound with alkaline material
(lime, chalk or wood ashes) to discourage reinbecti

In both West Africa and Melanesia, yam is essdgtalman's crop, and this extends
to the post-harvest sector. Indeed, in most of Wdgta, a well-built and well
stocked yam barn is one of the major factors thmowbich a man gains prestige in
his community, although women, especially widowlspagrow and store yams in
their own right. The sexual tabu is much strongeMelanesia, where women are
usually totally excluded from all operations, poe-post-harvest, connected with the
ritually important D. alata, although they are aléml to grow and store D. esculenta,
which although less highly regarded, probably makegreater contribution to the
total diet.

In most yam-growing areas the major protion of §&n crop is stored and
transported in the fresh state and in West Africayldistance trade in fresh yams has
existed for centuries, in contrast to the cassamdet which is generally in the
processed product and is a recent development $€put978b). A small proportion
of the yams are, however, processed into a dried 8ind yam flour is particularly
popular in Yoruba speaking districts of West Afriaithough in other areas generally
only those yams which are misshapen, damaged tialhadecayed are processed.
The whole topic of yam processing, both traditioaatl nontraditional, has recently
been reviewed by Coursey and Ferber (1979).

Yam flour is prepared by cutting the tubers intwed of about 1 cm thickness,

peeling the slices and sun-drying them. Slices beapoiled or parboiled before sun-
drying to soften the tissues giving a more pal&aibduct. After drying the pieces

are ground in mortars to give a coarse flour or t@ystored as pieces until needed.
The main problems of storage of the pieces or flangr attacked by insects, most
commonly Araecerus fasciculatus De G. and Sitogh#leamays Mots. and rodent
attack of unmilled pieces can be severe. The flsyrepared for consumption by

reconstituting in boiling water to form a paste (@ey, 1967). Preparation of dried
yam slices and flour is also practiced in othetgpaf the world including Indonesia

(Ochse, 1931), Madagascar (Decary, 1946) and mdrthe Far East (Clemente,

1918).

Some edible yams such as D. dumetorum (Knuth.) &act.D. hispida Dennst., are
highly toxic due to presence of alkaloids of thesdorine group and consumption of
these without careful preparation can be fataldifi@ally, the toxicity is overcome

by soaking the sliced or grated tubers so thattkaloid leaches out into the water.
Sulit (1932) describes a technique used in theigpiles for D. hispida. Thin slices
of peeled tuber are placed in a basket and subuhéngihe sea or a solution of salt
water for 2 to 3 hours. They are then removed ap@ezed under weights for a few
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hours and then replaced in the baskets and leftrumning stream for 36 to 48 hours
with occasional stirring. The slices are tested tipdicity by squeezing a drop of
liquid into the eye and if the eye smarts, soaksgontinued for a further period.
Similar techniques are used for

D. dumetorum in West Africa. The soaked yams aepamed for consumption by
flavouring with coconut and sugar. Other techniqregsorted from India, Solomon
Islands and Madagascar, for example, involve bpitimee yams before immersing in
running water either whole, mashed or sliced (Bard®56; Decary, 1946; Karnik,
1969). Wood ashes or tamarind are also sometingedait the water for boiling in
parts of India as an aid to the removal of thedsiyriof the toxic yams (Karnik, 1969).

Non-toxic yams are prepared for consumption by reetyaof ways, often simply by
boiling, roasting or frying and may be eaten rawe¢®ry, 1946; Coursey, 1967,
Ochse, 1931). For boiling, the yams are usuallygueand cut into pieces and boiled
until soft, although smaller tubers may be left ¥ehand unpeeled (Coursey, 1967).
Yams are generally roasted by simply placing theeeted tubers in the ashes of a
fire, although in the Pacific Islands the tubers asually cut into pieces or, less
commonly, grated and wrapped in green leaves ofiém other ingredients such as
coconut cream and chicken or fish and roastedomesbvens (Barrau, 1956; Malcolm
and Barrau, 1954). Frying pieces of yam in vegetalllis common practice; in West
Africa, palm oil is frequently used, the piecesalguhaving been boiled or parboiled
first, although the most important edible productgared in this area from yams is
fufu which is eaten as an accompaniment to stew @480 sections on cassava,
plantains, cocoyams). The tubers are peeled, tmipieces and boiled until soft. The
water is then drained off and the pieces poundedviimoden mortar and pestle until a
stiff glutinous dough is formed, usually taking 36-minutes (Coursey, 1967).

C. Sweet potato

The sweet potato (Ipomoea batatas (L.) Lam. is griwoughout the tropics and to a
greater extent in some warmer temperate areas asicbouthern United States,
southern China, Japan and New Zealand. In tropieglons the fresh tuber is
generally considered to be difficult to store, esg@léy in areas where pre-harvest
attack by Cylas weevils is common and so storagsuslly avoided by "mumuting”,
or progressive harvesting of the crop only wheis mmeeded (Siki, 1979). There are
few examples of storage techniques in these anéaker(y, 1965). It is in the
temperate areas where the tuber is grown as a suorope that the more elaborate
storage techniques have been developed in orgeptect the sweet potato from cold
during the winter (Cooley, 1951), the tubers besngceptible to chilling injury at
about 12°C. A period of curing at high temperatanel humidity before storing is
also necessary to encourage the development oberized layer in any wounds
present and so inhibit invasion by pathogens. Ahnipie which meets the
requirements of curing and protection from the dwdd been used by the Maoris in
New Zealand for centuries (Cooley, 1951).

The Maoris traditionally stored sweet potatoespecsally constructed underground
storage houses, dug into the side of a hill. Therfis covered with a layer of gravel
and rotten wood or dunnage of dried manukau (Lg@aiosum species or fern brush)
and the tubers placed on top. The seed stock ¢egla first at the back of the store
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with the food tubers in front, the two types besgparated by fern leaves. Any cut or
bruised tubers are placed nearest the entrandesthey are used first and the whole
store is then sealed and left for some time, predlyrto allow curing to occur under
the influence of respiratory heating, before anlgers are removed for use (Best,
1925; Cooley, 1951, Keleny, 1965 ) .

Pit storage of sweet potatoes is also practiceslnmbabwe (Blyth, 1943) and Malawi
(Anonymous, 1949) where the tubers are placedtgwith alternate layers of wood
ash and in Papua New Guinea where the tubers t@reated with layers of grass in
grass-lined pits (Siki, 1979) . The Kakoli peopfetlte Kaugel Valley in Papua New
Guinea store the tubers in groups of 3 or 4 tundietsinto natural banks, each tunnel
capable of holding about 11 kg of tubers and seal#dturf (Yen, 1974). The Bantoc
of Luzon in the Philippines often adapt their woodie storehouses for the storage
of sweet potato tubers, with additional space mtediin the form of plank bins (Yen,
1974).

Sweet potato tubers are often stored for shorbgerof two to three weeks before use
(Hrishi and Balagopal, 1979; Kimber, 1972; Siki,799 Villanueva, 1979). For
example, in Papua New Guinea tubers are placedationns in the house in a dark,
well-ventilated area where heat or smoke from theking fires appears to aid curing
of the tubers (Siki, 1979) . Storage for a few digysaid to improve the eating quality
due to loss of moisture giving a greater energyeger unit weight and also to allow
hydrolysis of starch to sugars (Kimber, 1972).

Owing to the perishability of the crop, in parts Bast Africa where there is a
pronounced dry season a proportion of the sweet@otop is peeled, sliced and sun-
dried for storage (Acland, 1971; Aldrich, 1963; iltt, 1942; MacDonald, 1970). In
Tanzania, the tubers are boiled for an hour bedoysng and the dried product is said
to be capable of being stored for two years withdeiteriorating (Allnutt, 1942).
When needed for consumption the dried pieces ash@dhand boiled (Allnutt, 1942)
or ground into a flour for making local dishes (&wotl, 1971) .

The Maoris of New Zealand also stored some of Wees potato crop in the dry state,
two methods of preparation being known (Best, 192%)the first, the tubers are
simply scraped and sun-dried and either stored r@pgved for consumption
immediately, after first soaking and mashing witarm water to form a gruel. In the
second method, roots from storage pits are oveketband then dried (Best, 1925).
The production of dried sweet potato as a snacitilispracticed in parts of New
Zealand (Yen, 1974). In the Philippines, dried éialof sweet potato are prepared for
storage and pounded into a flour as required feringhe preparation of a gruel. A
popular dish is prepared by mixing the flour witlater, and sometimes with sugar,
and making small balls of dough which are wrappedugar cane leaves and boiled
(Yen, 1974). The production of sweet potato flosiralso commonly practiced in
China (Yen, 1974).

There are no particularly elaborate processingrigcies traditionally associated with
the sweet potato, the tubers generally being peep&or consumption by boiling,
steaming, baking or frying. In the islands of theuth Pacific unbolted tubers are
usually baked or braised in an oven or peeled tubex boiled to be eaten as they are
or mashed with coconut milk. Sliced tubers are asmetimes mixed with other
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tubers and green leaves, moistened with coconlt, milapped in a banana leaf and
braised in an oven (Massal and Barrau, 1955c).

Roasting peeled or unpeeled tubers in the asheasfioé is popular in parts of East
Africa where they are usually eaten alone or peshaith milk; however, boiling or
steaming tubers is more common (Acland, 1971; God#@4). Occasionally, slices
of sweet potatoes are fried with other root craeseals or vegetables (Acland, 1971)
. Ochse ( 1931) describes several dishes madedonésia, for example, in Java
getook is made by pounding boiled roots with gratedonut and is eaten with sugar
and salt; while groobi consists of peeled tubersimo fine pieces, fried until hard
and dry, dipped in a solution of sugar, fried agamtil dry and finally scooped into a
banana leaf and pressed.

Sweet Potato tubers are also sometimes used absttse in the more complex
processing techniques normally applied to othecckiaroot crops. For example, the
tubers are used by Amerindians for making an altot@verage normally prepared
from macerated cassava (Yen, 1974), while in Hawaieet potato tubers are
sometimes used instead of taro to make poi (Hat@40). (see Aroid Root Crops).

D. The aroid root crops

The most important food crops within the family Aeae belong to the two species
Colocasia esculenta (L.) Schott (taro, "old" coenyadsaheen eddoe) and
Xanthosoma sagittiforium (L.)

Schott ("new" cocoyam, tannia). The edible portodrihe plant is a corm or a group
of small corms or cormels found largely or entirahyderground, although the leaves
of several species are also eaten as green veggtabl

The cultivars of C. esculenta can be grouped rgugitb two types: one with a
relatively small corm surrounded by large, well-deped cormels, known in the
West Indies as the eddoe and the other, known sfseda in the West Indies which
has a large central corm and few side cormels. Wewehe names dasheen and
eddoe are not always strictly applied to these ggan this way, while further there
are intermediate forms, and in the South Pacifangs the term taro is used for both
types. To add to the confusion the name cocoyavest Africa is used to describe
both Colocasia and Xanthosoma although "old" cocoyg sometimes used for the
former and "new" cocoyam for the latter. Pursegld¥868) considers it most
reasonable to differentiate two varieties of Cuésata, var. esculenta for the dasheen
type and var. antiquorum for the eddoe type.

Colocasia and Xanthosoma are particularly importaod crops in the islands of the
South Pacific, the Carribbean and West Africa (Aleder, 1969; Coursey, 1968;
Lambert, 1979; Massal and Barrau, 1955b) and Celada also a staple food in parts
of the Philippines where it is known as gabi (Plslal980). Other genera, Alocasia,
Amorphophallus and Cyrtosoerma also contain edgpecies but these are of
localized importance only.

There are few descriptions of traditional storagstesns for aroids. Normally the
corms are consumed shortly after harvest so awpithie necessity for storage and
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similarly to other root crops some aroids such akb€asia and Amorphophallus can
be left unharvested in the ground until needed (e 976; Plucknett, 1970;
Plucknett and White, 1979). Cyrtosperma, in paléicus usually left in the ground
for several years, for its gigantic cormous systerattain its full size of 50 to 100 kg
(Plucknett, 1977). Reports of postharvest stordgevary considerably from several
months to less than a week, experimental work lgpgd@monstrated severe losses due
to sprouting and diseases, but reported storagedogry considerably from country
to country and also appear to vary with cultivaayBay, 1922; Gollifer and Booth,
1973; Praquin and Miche, 1971). The variation maydue, at least in part, to
variations in the degree of dormancy of the cortrti@time of harvest.

For storage for short periods of 2 to 4 weeks @ Rhilippines, Colocasia corms are
tied in bundles and hung in the shade or left emldhskets or jute sacks in which they
were transported from the field, or simply left anpile in the shade (Villanueva,
1979). For longer term storage of up to 6 monthienieamay be placed with alternate
layers of grass, straw or leaves and covered withahlayer of leaves and soil either
in piles above ground or leaflined pits below. Théschniques are used in Papua
New Guinea, Nigeria and China (Nwana and Onoch8&91 Plucknett and White,
1979; Siki, 1979). In India Amorphonhallus corms amnid to keep for months after
dipping in a cow dung slurry and ash (Hrishi andaBapal, 1979). Sometimes in
China a special enclosure is built within the hourse which alternate layers of taro
corms and soil are placed (Plucknett and White 91,9%hile in Nigeria, Colocasia
and Xanthosoma corms are often stored in spectahstructed barns made from
palm (Nwana and Onochie, 1979).

For immediate consumption aroid corms are normadijed, baked, roasted or fried,
a thorough cooking for several hours often beingded to remove the irritating
effect of calcium oxalate raphides and other apridciples present in many species
(Sakai, 1979). In Southeast Asia, tamarind or lane often added when cooking
Colocasia or Alocasia corms to counteract the agridllen, 1940; Ghani, 1982).
The aroids are so ubiquitous in the humid tropiest tthere are numerous local
variations to the dishes prepared from them. Fangte in Fiji and other Pacific
Islands, Colocasia is often grated and mixed witboaut milk and then wrapped in
leaves before boiling or baking, or peeled cormy tmaboiled or steamed and then
pounded and made into balls to be eaten with cdomilh and sugar (Anonymous,
1951; Greenwell, 1947; Harwood, 1938; Massal andrdBa 1955b; Parham and
Raigiso, 1939). Similar dishes are commonly pregh@meJava where fried corms are
also prepared (Ochse, 1931). In West Africa Xardhtes cormels are used to prepare
fufu by pounding boiled pieces into a doughy mafésnoeaten with soup (see also
cassava and yam) (Karikari, 1971; Pele and BerB&7)l In Egypt, cubes of
Colocasia corms are commonly given an initial waghand soaking in warm water
for 15 minutes or are washed and lightly fried ndey to remove the mucilaginous
material and are then prepared for consumptionomkiog with meat to which either
onion and tomato or garlic and chard are added ilVa870).

A fermented product known as poi is prepared in &awrom Colocasia.
Traditionally, it was prepared by the men as it wagl to be too important to be left
to women. Traditionally, corms are first baked t#asned, then peeled and pounded
with a stone pestle in a long, shallowly hollowad-board or stone. Water is added
gradually until the correct consistency is obtairagter which time the dough is
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placed in a calabash and left to ferment for séwdags, the extent of the fermentation
being varied according to taste (Greenwell, 194@wart, 1928 (in Allen and Allen,
1933)). Poi prepared in this manner will keep folyca few days but is said to keep
for months if prepared without adding water and qubng, so obtaining a harder,
drier product, which is diluted with water only whaeeded (Stewart, 1928 (in Allen
and Allen, 1933)). A similar preservation technigaeused on Rapa in the Anuta
Islands with Colocasia and with Cyrtosperma on béti (formerly Gilbert Islands)
(Massal and Barrau, 1955b). Again in the Anutand$a Colocasia is made into the
fermented ma by placing grated corms in leaf lipgsl which are sealed over and the
material left to ferment (Yen, 1973b) (see alsotiesas on cassava, breadfruit,
banana).

In some regions a storable product is obtained fanonds by sun-drying the corms
as, for example, in Papua New Guinea where thedasia corms are processed in
this way when there has been a particularly gooudsa (Ochse, 1931). In Kiribati,
Cyrtosperma tubers are sometimes scalded, choppdun-dried and are said to
keep for several months (Massal and Barrau, 1935apan Amorphophallus rivieri
Durieu is stored in the form of a flour konnyakukamjac (Chevalier, 1931; Motte,
1932). The tubers (which consist of mannans, rastkj are first peeled, washed and
cut into pieces which are then skewered on lengthsamboo to dry in the sun for
about a week. The dried pieces are broken intorfesgs known as arako and further
pulverized into flour. The flour is prepared fottiag by mixing with water to form a
paste which is mixed with slaked lime and water boided until it forms a gelatinous
mass. This can be eaten in this form or processgleir to produce another storable
dry product, by cutting the dough into pieces alatipg these in hot ashes for 5 to 6
days. The pieces are then left to dry for 2 weeld are said to keep indefinitely in
this form (Motte, 1932). Both Colocasia and Xantimoa are used in West Africa to
prepare sun-dried chips, known in Nigeria as achiwana and Onochie, 1979),
essentially similar to cassava kokonte: like thétiation of these crops, this is
essentially a woman's function in this part of weld.

* Mannana are starch-like compounds which are fokmbowever, by the
condensation of mannose instead of glucose andasiynunder hydrolysis split into
mannose rather than glucose.

E. Bananas and plantains

Only a small proportion of the world's bananasm@eserved for storage, most of the
fruit being consumed raw, in the case of dessamahas, or cooked for immediate
consumption in the case of cooking bananas andgiten(Simmonds, 1966). No
extensive post-harvest technology for these fooastsin most traditional societies
dependent on them.

Nearly all edible bananas and plantains are derfu@ah two wild diploid species

Musa acuminate Colla. (AA) and M. balbisiana C¢B#) of the Eumusa series of
the genus Musa (Musaceae) and most are triploiiisvbd to have been formed as a
result of hybridization within or between these tgjgecies. Simmonds (1966) has
developed a classification of bananas accordinghéocontribution to the genetic
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make-up of the hybrid and using this techniqueltieanas used as staple foods can
be considered as falling within three triploid gpsyAAA, AAB and ARE). The first
(AAA) comprises the sweet cultivars having a lowarsh content and high sugar
content when ripe and which includes the Cavensligirgroup which dominates the
international trade in bananas. These are only t@edooking when green and are
used as staple foods mainly as by-products of ¢xqa@ntated industries. The AAB
group consists predominantly of fruit of the plantaub-group which are starchy
even when ripe and hence eaten only after cookidglae ABB group consists of the
starchy cooking bananas known as "bluggoes" inCebbean. The importance of
the different cultivars varies in different aredsttte tropics. As a cooked vegetable,
bananas and plantains form an important sourceadfobydrate throughout the
tropical world, except possibly India and Southéesta where, while dessert bananas
are consumed in large quantities, the use of cotdeadnas and plantains is not so
widespread. In many parts of tropical Africa, moetably Ghana and Uganda, they
are important staple food crops. In contrast, ttesgrved products do not generally
contribute very greatly to diets, although they ianportant in some localized areas,
especially in times of food scarcity.

Once ripe, the shelf-life of bananas and plantarenly a few days but traditionally

plantains are harvested as an entire bunch whileysten and hung in the house or
other building. The fruits within the bunch riperogressively from the proximal end

of the bunch to the distal end and in this way fiiug is available for use over a

longer period of time. Also the fruits may be cobkehen green, half ripe or when

fully ripe and so if not used while green, arel stilailable for use at a later stage of
ripeness (Coursey, 1981a). Thus, within traditics@dieties, there is seldom a high
degree of wastage, although there may be in mag&an markets.

The methods used to cook bananas and plantainsfoediate consumption do not
generally entail elaborate processes, the fruitnadly being prepared by one of three
main techniques: boiling or steaming, baking orstimg and frying. However, in

some areas, particularly West Africa, the fruiaiso pounded, like other perishable
staple food crops in these regions into a fatu-pyeluct (see cassava, yam, aroids).

The preferred technique varies from region to negla Uganda, where bananas are
an especially important part of the diet, steamthe normal method. In a typical
dish, green bananas are peeled, wrapped in bagawves| placed in a pan on a base of
other leaves and steamed for 1 to 2 hours. Whealyyéiae bananas are removed from
the pan and mashed while still in the leaves t@iaba solid mass of pulp which is
either eaten as such or resteamed for a while (§ob@l74; Mukasa and Thomas,
1970). Other preparations in Uganda involve boiljngen bananas or plantains, often
with beans and peas or groundnuts, with ghee, en&gn condiments added for
flavour (Goode, 1974).

In West Africa, plantains boiled in their skins ahen peeled are eaten alone or with
a sauce usually based on palm oil and containingt raed/or fish, vegetables and
seasonings (Dalziel, 1937; Johnston, 1958; Tezénddontcel, 1979; Walker, 1931)
. Often the plantains are pounded in a mortar &ftéing to form a paste or dough
known variously as fufu, foofoo, foufou or foutounieh is eaten with soup or a sauce
of meat and vegetables (Johnston, 1958; Lassoudi®i#). Fufu is also prepared
from a mixture of plantains and cassava (Hartog2i@assoudiere, 1973), and from
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cassava alone or yams or cocoyams. Frying ripenoipel slices of bananas and
plantains in oil, usually palm or groundnut oilailso popular in this region of Africa
(Boscom, 1951; Dalziel, 1937, Johnston, 1958; Tagaiu Montcel, 1979; Walker,
1931). In Ghana, a type of pancake is prepared faomixture of pounded ripe
plantains and fermented wholemeal maize dough (&l 1975). This is known as
fatale and is prepared by steeping the maize irmwfat two days, then draining off
the water and washing the grain which is ground amtough with water and left to
ferment for three days. The pounded plantain paiimixed with the fermented maize
dough into a paste which is seasoned with gingepper, onion and salt and then
fried in palm oil. The pancake may be served wehrs as a main meal or used on its
own as a snack or dessert. A similar product knewrkrakro is made by mixing
pounded plantains with corn dough, ginger, onioth sait. This mixture is left to rise
for half an hour and then formed into balls anddr{Eshun, 1977) .

Roasted or baked bananas and plantains are alparpdein both East and West
Africa by placing peeled or unpeeled fruit eithertihe ashes of a fire or in an oven
(Boscom, 1951; Dalziel, 1937; Goode, 1974; TezehasMontcel, 1979; Walker,
1931; Whitby, 1972).

A product similar to fufu is also prepared in thariBbean area from semi-ripe
bananas which are boiled and pounded and eatersaifh, although more often the
bananas are simply boiled and eaten with saltdd dis meat. Over-ripe fruit is

normally sliced and fried (Kervégant, 1935). In t8euth Pacific, unpeeled, ripe
bananas are traditionally cooked in hot stone oweria the embers of a fire, while
unripe bananas are peeled, grated, sometimes mitedoconut cream, wrapped in
leaves and cooked in an oven. In Samoa, poundeahbharare mixed with coconut
cream, scented with citrus leaves forming a liquiash called poi which is generally
reserved for the chiefs (Massal and Barrau, 1956) .

Bananas and plantains are traditionally preseryedrping or fermenting the dried
products and, in particular, flour being the masportant nutritionally, although beer
is also a major product in Uganda and Rwanda wiereitilization of green bananas
is particularly high.

Drying as a means of preservation is a widely usethod for both unripe and ripe
bananas and plantains, the end product from ufmitegenerally being chips which
are pounded into flour while the ripe fruit is usedmake sweet meats known as
banana figs which are very popular in many areasibunot contribute very largely to
a total diet. Traditionally, the fruit is sun-dried sometimes dried in ovens or over
fires; usually as slices, although banana figssareetimes prepared from whole fruits
(Fawcett, 1921; Goode, 1974; Hayes, 1941; Kerveddd85; Mukasa and Thomas,
1970; Simmonds, 1966; Walker, 1931).

Typically, slices of unripe banana are spread oulry on bamboo frameworks, on
mats, on cemented areas, on roadsides or simptlyeoground (Kervégant, 1935). In
Uganda, dried slices known as mutere are prepdredlycas a famine reserve, the
slices being stored and used only in times of neleen they are cooked directly or
first ground into a flour (Goode, 1974; Mukasa ditmas, 1970). After sun-drying
for one to two weeks the slices are packed intd slvaped bundles made of banana
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fibore and hung either in the house, or if large ants are to be stored, in millet
granaries (Hayes, 1941).

A method for preparing banana figs from a localiatgrknown as rajeli (a French
plantain type) used in the Bombay area of Indialleen described in some detail by
Kulkarni ( 1911) . The fruit are harvested greed epened by placing them in layers,
covered with plantain leaves inside a storehouseleth for about three days, during
which time a patch of bare earth is prepared ayiaglarea. A mat is spread out on
this area and the peeled bananas arranged in mWws tried for three days, each
night being gathered in and covered and then spretdgain the next day. The dried
fruit is then wrapped in leaves for sale at thealanarket. The bananas prepared in
this way are said to keep for six months.

In Polynesia ripe fruit are normally oven dried ahdn wrapped in leaves and bound
tightly to store until needed (Massal and Barre@b€), while in East Africa peeled
fruit is said sometimes to be dried over a fire 2drhours before sun-drying in order
to hasten the drying process (Kervégant, 1935).

The dried product keeps well in the form of slicakhough liable to insect attack,
whereas flour is hydroscopic and deteriorates haputhder tropical conditions,
tending to lose its flavour (Kervégant, 1935; Texedu Montcel, 1979). The dried
slices of banana known as mutere in Uganda carotikeed as they are by soaking,
boiling and then mashing to be served with a fiabhce (Goode, 1974) but more
normally the slices are ground to a flour. In Eastt West Africa flour is used to
make a thick paste known as fufu (or one of itsards) (Goode, 1974; Tezenas du
Montcel, 1979) .

Traditionally, banana beer is made in both Uganaé Bwanda by the following
method: Bananas are harvested green and ripenkcialy by placing them in a pit,
surrounded and covered with banana leaves andisdéwanda the ripening process
is aided by lighting a fire near or around the haataining the fruit or by placing the
bananas on the hot ashes of a fire previousiy lihe hole. The fruit are left to ripen
for 5 - 6 days and then removed, peeled and plecadvooden trough made from a
hollowed-out tree trunk. In Uganda the task of nraglthe fruit to release the juice is
carried out by the men who trample on the banarshihave been mixed with grass
(Imperata species) whereas in Rwanda it is the waask to knead the fruit by
hand with the aid of handfuls of hard grasses saslAgrostis species. The juice is
filtered into jars and the troughs washed with wabetransfer the last traces of juice
into the jars. Roasted sorghum flour is added ¢obidnana juice and the mixture left
to ferment for 1 to 2 days after which time the rbé@mown locally in Rwanda as
urgwawa is ready for drinking (Adriaens and Loz&851; Champion, 1970;
Masefield, 1938). A similar method is used in Berit fermentation is initiated
using some beer previously prepared or fermentedra flour (Kervégant, 1935).
The juice before fermentation is sometimes consuasea nonalcoholic drink while a
very potent beverage is obtained by mixing honethwhe banana pulp before
fermenting; irrespective of their alcohol contanst banana beers have a high solids
content and contribute substantially to the carblodte intake. Banana wines and
distilled spirits are made in other areas of theldveuch as the West Indies and South
Pacific but are of only minor importance (Fawc&f21; Kervégant, 1935). However,
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bananas and plantains do not appear to be usédiggourpose in India or Southeast
Asia (Simmonds, 1966).

Finally, in Western Samoa unripe bananas are pedeby fermentation using a
technique normally applied to breadfruit in the iRadslands (Cox, 1980a). The
product is a fermented paste which is baked to fariwread-like substance called
mast. Both the paste and the bread can be storedried in leaf-lined pits for over a
year until needed and exceptionally bread recovafia generations has been found
still to be edible. To prepare, the unripe banaraspeeled, washed and placed inside
pits lined with and covered by leaves of Helicopgka A.C. Smith, and banana,
forming a relatively air-tight pocket which is filyacovered by soil and rocks. The
fruit are left for 34 days and then uncovered weed a homogeneous paste which is
formed into loaves, wrapped in leaves and baked.

F. Breadfruit

Breadfruit (Artocarpus altilis (Park.) Fosberg)netive to Southeast Asia, but is now
found throughout the tropics and is an importaaplet in the South Pacific and parts
of the Caribbean. The fruit is only suitable foeusver a very limited period, that is

when mature or nearly mature, but before it ripessduring ripening rapid flavour

and texture changes occur which render it unpdmatdtocannot, therefore, be stored
in the fresh state for more than a few days, ajhon parts of Jamaica the storage
life is extended a little longer by keeping theitsuunder water in large tanks

(Thompson et al., 1974).

For long term storage breadfruit is normally eitdeed or subjected to a period of
fermentation. Most simply the fruit is cut intocgs and dried in the sun as is done,
for example, in the West Indies where the driedt fis1 subsequently prepared for
consumption by pounding and sifting for use as eakiiast food or in puddings
(Brotbaum, 1933). However, a number of more compéekniques have evolved in
the various islands of the South Pacific. For edem@a method observed on
Kapingamarangi in the East Caroline Islands is usecgrepare dried sheets of
breadfruit known as tipak. The skin, seeds and acgeremoved from nearly mature
fruits which are then cut into small pieces andkpdcin coconut leaf baskets. The
baskets are placed in an oven of hot coral stooesred with mats and sand and left
for one day. After this time the fruit is removatdamashed in a wooden bowl! and the
resulting brown, sweet smelling paste is then spoed on coconut leaf mats to dry in
the sun. The paste dries in sheets, usually abbuhby 50 cm, which are then rolled
up, wrapped in Pandanus leaves and tied with striigcoconut fibre. The Islanders
claim that in this form the breadfruit can be preed in good condition for at least
three years (Coenen and Barrau, 1961).

A method used in the Reef Islands (Solomon Islamug)lves firstly cooking ripe
breadfruit in the ashes of a fire for about an hdine fruit is then left for a day after
which time it is peeled, quartered and the seeai®ved and then cut up further into
smaller pieces. The pieces of fruit are then plaoea depth of 10 - 12 cm on a net
which is suspended over a hole 60 - 90 cm in dianmeetd 30 cm deep containing the
coals of a smokeless fire and hot stones. ThesHetwiered as the fire and stones cool
and the pieces turned continuously for about 6 $autil dry. The fruit is then placed
in coconut baskets lined with breadfruit leavesered with more leaves and the
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baskets sown up with bark fibre. The breadfruitbits or nambo are stored on racks
above the kitchen fire and are said to keep fozax pr more (Tedder, 1956).

The practice of preserving breadfruit by fermewntativas traditionally used in the
islands of the South Pacific and similar techniqgaes found on many different
islands, the fermented paste being called by namels as masi in Samoa, ma in the
Marquesas, mahi in Tahiti, maratan in Ponape anthndi in Vanuatu (Cox, 1980b;
Massal and Barrau, 1954). A detailed descriptiotheftechnique used in Samoa for
both breadfruit and banana has been given by C880d), and has already been
referred to in the section on banana in this redriefly, the fruit is peeled and
washed, placed in a hole lined with Heliconia leawdich are folded over the fruit
forming a fairly air-tight pocket. The whole pittisen covered with more leaves and
layers of soil and rocks. After 34 days the fermrednproduct, now a dough-like
fermented paste, is removed and kneaded, maddoawes, wrapped in leaves and
baked. The fermented paste can be left in the fautsover a year without
deteriorating, although successful preservatiosaid to be dependent on the type of
leaves used in construction of the pit, the cakernan building the pit and local
conditions. A similar technique has been descrifvech Anuta (Yen, 1973b). In
Namu atoll a different technique is used. Fallegalfruit is collected in June, peeled
and placed in sacks which are then immersed innsir for a day. The fruit is then
laid on palm fronds for 2 - 3 days during whichimhferments and the fruit, which is
by now soft, is kneaded. The pulp is placed in pited with breadfruit leaves and
covered with sacks and stones where it is leftl waguired: generally it is all used
between the months of July and September when bresddfruit is unavailable. The
fermented paste is most often prepared for consomfity rubbing on a board to
produce a dry crumbly substance called drikwal Whe& wrapped in the breadfruit
leaves and baked for about an hour (Pollock, 1974).

There are numerous ways of preparing fresh breddmuconsumption but generally
the fruits are either baked or boiled. Traditiopalbn many of the South Pacific
Islands breadfruit is baked or roasted simply kaciplg fruits on heated stones, coral
or charcoal (Anonymous, 1951; Coenen and Barra6l;1Rollock, 1974). In Hawalii
an underground oven or imu is used (Miller et B37). In the East Caroline Island
of Kapingamarangi a dish known as ti-kul palporvesy popular. The breadfruit is
picked when nearly mature and stored until ripee Tind, core and seeds are then
removed and the hole left by removal of the cdtediwith coconut cream. The hole
is plugged using a section of the core and thé Wwuapped in green breadfruit leaves
tied firmly and baked for 1 hour (Coenen and Barif®61).

A Tahitian dish known as poe uru is prepared kst frooking the entire breadfruit in

an oven, peeling the fruit and reducing it to at@ds which is added a mixture of

cassava starch and water. The paste which hasngelsitconsistency is sweetened
and seasoned with lemon juice and then divided patdions, wrapped in banana
leaves and cooked again in an oven. Poe uru iederith sweetened coconut cream
(Massal and Barrau, 1954).

Roasted breadfruit is also an important part ofWest Indian diet, ripe fruit being
piled over glowing embers and allowed to cook slofelr about 1 hour after which
time the charred skin and fruit core are removefibreeeating (Brotbaum, 1933).
Steamed breadfruit mixed with grated coconut is glspular, and pounded, steamed
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or boiled fruit is used to prepare a mashed prqdcmti-cou, which can also be
prepared from other starchy ingredients (C.I.LAA.D.B., 1979). In parts of
Indonesia the seedless form of breadfruit is cta stices and fried in oil either as a
main meal or for consumption as a delicacy (Och881). In some areas the fruits of
seeded varieties are considered not fit to be eat#ough the ripe seeds are
sometimes prepared as a delicacy (Ochse, 1931).

G. Pandanus

There are about 600 species of Pandanus, the nuespread being P. odoratissimus
L.f. (P. tectorius Soland ex Park.), which is conmigdound on sea coasts and islands
from southeastern Asia eastwards to the islandthefSouth Pacific (Purseglove,
1972). Other edible species include P. brosimus Med Perry, P. jiulianetii Mart.,
P. leram Jones, P. utilis Bory. The Pandanus iswan important food on many of the
Pacific atolls, especially in Micronesia, althougls little used elsewhere. It is eaten
raw or cooked and is preserved in the form of floupaste (Stone, 1963).

The fruit is allowed to ripen naturally on the trakhough ripening is sometimes
hastened by twisting the fruit to separate thet fstem (Hiyane, 1971). When eaten
raw the fleshy base of the fruit is chewed to ettthe soft pulp and sweet juice
(Hiyane, 1971). The boiled fruit is often mixed kigither coconut milk or grated
coconut, or with other starchy foods and eaterohebld (Catala, 1957; Stone, 1963).
For storage purposes a flour or paste is prepdnedformer being more common in
Kiribati while the latter is used more in the Maalllislands of the Trust Territories of
the Pacific Islands (Stone, 1903).

A paste known as mokan in the Marshall Islandsrepgared by either boiling the

phalanges of the fruit or baking them in an eaxtbnofor 12 to 48 hours. The pulp is
then grated and spread out on leaves for sun-dtgifigrm a dry paste which is then
further dried over a hot stove into thick firm cakélhese are then wrapped in
Pandanus leaves and tied with coconut cord foag(Hiyane, 1971; Miller et al.,

1956). The pulp is sometimes mixed with arrowrdouf and sugar before drying

(Hiyane, 1971). Flour is made in a similar way the fruit is only cooked for about

an hour. After cooking the pulp is pounded, suedirand dried further over heated
rocks. The cakes thus formed are then poundedttonoa coarse flour (Miller et al.,

1956) . Both the flour and paste can be storedséwmeral years and traditionally
formed an important part of the provisions takeriamg sea journeys (Hiyane, 1971;
Miller et al., 1956; Stone, 1963). A number of atliishes are prepared from
Pandanus fruit and have been described by variotiwi®s (Catala, 1957; Hiyane,
1971; Miller et al., 1956).

H. Starches derived from stem crops

Some vegetative stem crops have a localized impogtas foods, most notably the
Ensete bananas, Ensete ventricosa (Welw.) CheesEthiopia and the sago palms
Metroxylon sagu Rottb. and M. rumphii Mart. in Soedist Asia and Melanesia and
other palms used similarly elsewhere. Once feltedse plants are never stored for
any substantial period but are processed immegyliatel
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SAGO

The techniques used to extract sago starch andétigods of storage of sago are very
similar throughout the tropics and have recentlgrbeeviewed in some detail by
Puddle et al. ( 1978) and Stanton and Flach ( 198%3Ims are selected for high
starch content, determined according to the stagenaturity of the palm or
sometimes by sampling the pith, felled and cut ofi@&enerally, the pith is removed
by a combination of pounding and scraping and taeels is then washed out, the pith
being kneaded with water by hand in a trough anplad with the feet. The water in
which the starch is suspended is then run off thincafilter into a settling vessel. The
system of troughs used for these processes iseénéigumade out of portions of the
felled palms, and is usually erected near a strgam which water is collected by
means of a simple long-handled dipper of palm spathcoconut shell. Sago starch
can be stored for some time. For example, it carstoeed for a few weeks by
wrapping in leaves and hanging to dry in the syrasrlonger storage, by burying the
leaf-wrapped packets under mud and water in the sag@mps. Heating or toasting
the sago extends its storage life further (Ruddbd.e1978).

In Southeast Asia much of the sago used for swpgist purposes is consumed as
pearl sago. This is prepared in Sarawak by takiagsago which is mixed with rice
bran and grated coconut and leaving the misturengyi®. This allows time for yeasts
and lactobacilli to give the mixture a slightly dici flavour. The next day the dough is
mixed thoroughly on a Pandanus mat during whiclegss it forms into small pellets.
The material is then sieved and any unformed doagthaken. The moist pellets are
then baked on a clay hearth for 20 to 30 minuték wonstant stirring during which
time the pearls of sago develop a dark brown cqlBuddle et al., 1978).

Sago starch can be cooked in a variety of ways.eikample, it is often mixed with

boiling water to produce a thick porridge or congalrin water with leafy greens and
meat to make a stew. It may be roasted in bambbestwr wrapped in leaves or
baked as a flat cake on griddles of stone, earthenar metal (Ruddle et al., 1978).

ENSETE

In the Sidamo area of Ethiopia the population seba Ensete as a staple food (Taye
and Asrat, 1960; Westphal, 1977). The pseudostdmipwextracted and placed in a
circular leaf-lined pit about 1 m in diameter anchldeep and when full covered over
and weighted with stones and left to ferment. ABar 4 weeks the pit is opened and
some strongly fermented Ensete from an older ssloadded to accelerate the
fermentation. After a further 4 weeks the pit isenopd again and the contents
rearranged and the pit reclosed, the total ferntientaime taking from a few weeks
to several months and sometimes up to a year. @meehted product is known as
kojo and is mixed with spices and used for makireald which is generally baked on
iron griddles or clay pans over a fire. Howeverome district the spiced dough is
wrapped in leaves and put in a pit about 80 cmiamdter and 80 cm deep and
covered with layers of soil and Ensete leavespprof which the fire is kept burning
for at least 12 hours. The bread thus preparedkegp several days (Anonymous,
1958; Smeds, 1955; Taye and Asrat, 1966).
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Another product known as boulla is prepared from sbrapings of parenchymatous
tissue of the pseudostem from which the juice ssged out and the residue then
dehydrated. This is then packed in Ensete leavddeinin a silo for fermentation
after which it is eaten in the form of a porridggnénymous, 1958; Smeds, 1955;
Taye and Asrat, 1966).

Chapter 6 General conclusions

The perishable staple food crops are second ontlidagrain crops as providers of
human food. Grown mainly in the developing coumstré the humid and sub-humid

tropics, where they are often much more producthan grains, they provide the

main staple of carbohydrate foods for some 5000-vidlion people. The root crops,

especially cassava and yam, together with cookampbas (plantains) are the most
important.

Owing to the ecological conditions prevailing inetinegions, production is often
continuous or semi-continuous, in contrast to gawop staples, whose harvesting is
highly seasonal normally taking place during onlyea weeks, so that long term
storage for nearly a year for part of the cropasassary. With the perishable staples
many societies traditionally practice a greatelesser degree of "storage avoidance”,
i.e. harvesting only for immediate or short terquieements throughout much of, or
even the whole year. Thus, storage systems ardlyusaktively short term (the
yams, the most highly seasonal of the perishaldpscrprovide a marked exception).
Processing is often undertaken as much for thessacg removal of toxic principles
(cyanide from cassava, alkaloids from certain yamghe irritant principles from
some aroids) as for the manufacture of processedupts of long storage life,
although the need for more durable products fog Idistance travel or as famine
reserves is often recognized. Although this is theditional pattern, changes
associated with increasing urbanization and thentjroof market economies are
reducing the validity of the "storage avoidancefiraach.

Nevertheless, many traditional societies which hasen primarily dependent on the
perishable staples for centuries or often milleniave devised many highly
ingenious storage and processing techniques feethtaples. The culture-historical
evolution of these societies in relationship toirtheod plants has, in general, made
them strongly ecocentric in their thinking, in c@#t to the technocentric
philosophies prevailing in the developed world, ivHurther their material resource
bases are strictly limited. Their storage and pssitey systems are generally,
therefore, extremely simple and have only mininmgbact on the total environment.
Owing to their simplicity and the fact that theyearsually individually small-scale,
they have often been disregarded or even despisetbranitive" by qualified
agricultural scientists; this attitude has beennfaeced by the fact that the
vegetatively-propagated crops from which those lstaare derived are poorly
understood within and alien to the "Western" csuwithin which scientific thinking
developed.

The valuable store of traditional knowledge of plostharvest biology and technology
of these crop products existing within these sasets, however, well capable of
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interacting with and hopefully being improved by aeon agricultural science.
Certainly, it should not be neglected and this refmyms a first attempt to review and
classify such of the available information in thubject area that has already appeared
in the scientific literature. Much more doubtlesssts that has never been written up.
It is suggested that, especially within the consepit "appropriate technology" or
“rural technology", traditional thinking and prasicould very well be applied more
extensively in the development of post-harvestnetdgies than has been the case
hitherto.

The different staples are best adapted to particdifferent ecosystems, although
many are nevertheless extremely ubiquitous withenhumid tropics. Similarly, the
crop products need different approaches in thest-parvest technologies.

The most important non-grain staple of all, cassaaa very highly perishable roots,
which normally have a storage life of only daysthet same time all known cultivars
contain precursors of hydrogen cyanide though delyidiffering levels. Although
some societies have devised techniques for staéhiegoots for substantial periods
(which techniques have been substantially imprdwedecent research on curing of
the fresh roots) most cassavausing cultures prabessoots by any of a variety of
soaking, drying or fermentation techniques to poadstable dried products in which
the level of the toxic cyanide is substantiallyueed.

Yams, in contrast, are fairly highly seasonal induction, although harvesting may
be spread over 4 - 6 months with different speaiad cultivars. The edible tubers
being natural organs of dormancy, they are inhgremtll adapted for storage when
destined for use as food and indeep most of thésgram crop is stored in the fresh
state, and simple but ingenious structures have desised by most yam-growing
societies. Nevertheless, as with virtually all gezishable staples, techniques for the
preparation of dried chips and flour exist in mygestn-growing societies. Grating and
soaking techniques are used to detoxify certaironspecies which contain alkaloids.

Both sweet potatoes and the aroid root crops amenpbes of perishable staple crops
where "storage avoidance" is extremely widely pcad although the root tubers of
the former, especially, can under optimal condgide stored for several months.
Sweet potato is mainly grown in the cooler tropeg}. at altitudes over 1 000 m and
protection from cold is a first essential in st@agnder more typical lowland tropical
conditions, losses in storage are extremely higlnimawing to pathogenic factors.
Similarly, the aroids which are often harvestedaoyear-round basis, regardless of
the state of dormancy of the corms, usually havg skort storage life, but it is likely
that if the corms are harvested when fully dormamhger storage life could be
obtained. Processing, essentially the productionsuif-dried chips or flour, is
occasionally resorted to with both these crops.

Plantains and other cooking bananas have an inthestort storage life in the fresh
state, though from a practical point-of-view ttissomewhat mitigated by the fact that
they can be utilized as food in different ways, whiaripe; partially ripe; ripe or even
moderately over-ripe. As ripening of the individdalit proceeds sequentially from
the proximal to the distal end of the stem, thé méia single stem, once cut from the
plant, can often be used over a period of a montmare. For longer term storage,
especially as a famine resource, sun-dried chigdsflanr are sometimes prepared. In
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certain parts of the tropical world the preparatdrbeer (of high solids content, and
therefore nutritious) or other fermented foods iiacticed, the latter having a long
storage life.

Breadfruit has probably the shortest inherent gorkfe of any of the perishable
staples, being fit for consumption only in the fdays between maturity and the onset
of ripening. Commonly, it is harvested only as rieegy or its storage life extended a
few days by keeping under water. Drying into chapdlour is sometimes practiced
and anaerobic fermentation techniques have beealap®d in the South Pacific
which produce a paste which may be kept for moathes/en years.

Pandanus fruit are also highly perishable. Theyddten eaten fresh, but are also
preserved as sun-dried pastes or flours, thebriitg first boiled or roasted. It is said
that the flour, especially, may be kept for sevgedrs.

The stem starches laid down by monocarpic plantk as sago and other palms, and
also by Ensete, are invariably processed almosteidisely; the felled stems are not
stored any longer than is necessary. Processirglysliepends on physical removal
of the stem starch, followed by wet extractionflset and drying, usually in the sun.
Fermentation techniques are used for Ensete aradiooally for sago starches.

Very little information is available in most casesncerning the division of labour
between the sexes in the postharvest technologthade staples. Processing is
generally little more than an extension of domeptiparation for food and is thus,
most commonly seen primarily as women's work. Tisspecially true of cassava
products.

With storage of fresh material there seems litylstematic sexual differentiation of
labour, both men and women being involved, eitlegasately or together in various
societies. An important exception is with yams.t¥atly all operations concerning
the major (though not necessarily the minor) spgeofeyam are conducted largely, or
in some societies exclusively by men, includingage and processing, only actual
culinary preparation being undertaken by women.
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