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-1.  SUMMARY OF RECOMMENDATIONS

1.01 Adequate funds should be allocated to rehabilitate,
: upgrade and develop the root and tuber processing and
preservation subsector of the agricultural sector of
the economy.

1.02 A compendiuh of cassava processing units in the country
should be compiled by extension and post-harvest deve-
lopment officers of MOFA in collaboration with staff of
District Assemblies.

1.03 Improved cassava storage techniques should be encouraged
and promoted in rural areas where the crop is grown and
processed.

1.04 Boreholes for potable water should be provided in suita-

ble locations in villages for use by cassava processors.
1.05 Barring initial high cost, the use of diesel engine for
operating cassava processing machines should be encouraged.
Gari productdion technology

1.06 The design and development of a cassava peeler should
be encouraged and promoted.

1.07 Improved methods of washing peeled cassava in suitable
containers should be encouraged.

1.08 The use of power-operated cassava graters for processing
cassava in villages should be promoted.

1.09 The use of dewatering/fermentation press should be
encouraged and promoted.

1.10 The use of standardized starter cultures in cassava
fermentation at the village level should be encouraged
and promoted. -

1.11 An aluminium sieve with the same aperture size should

be gradually introduced alongside the present cane sieve.

.12 The use of improved gari roasting stoves which use LPG
or biogas, should be introduced and promoted in village
cassava processing areas. )

1.13 Better packaging of gari for storage or retailing should

be promoted.

ii.




1.21

Agbelima production technology

Studies should be conducted into agbelima production with
regard to fermentation, storage, sale and the maintenance
of sanitation and hygiene at production sites.

Kokonte production technology

A study should be conducted into infestation and damage
caused to kokonte in storage so as to map out a strategy
of suitable control.

An improved crib for the drying and storage of kokonte

should be introduced and promoted.

Capacity utilization

There is the need to increase the level of capacity utili-
zation of NGO-funded cassava processing plants through
proper siting and effective supervision of operations.

Mobile cassava<processing

In order to generate more income and also assist in village-
level processing and subsequent rural industrialization
District Assemblies and/or individuals should establish and
operate mobile cassava processing units.

Drying units for producing cassava chips for export should
be set up on co-operative basis in selected high potential

cassava growing villages.
7

Starch industry

In order to reduce or eliminate starch imports, create
employment opportunities, catalyse increase cassava produc-
tion and service starch-using establishments, there is the
need to establish a cassava starch manufacturing industry.

Tapioca and fufu flours

The production of tapioca and fufu flours from root and
tuber crops should be promoted.

iii.




1.27

By-products utilization

Apart from their use as animal feed, the use of cassava
peels in mushroom production needs to be investigated and
promoted.

Human resource development

Training in cassava processing and preservation for
village level cassava products' manufacturers with a view
to improving upon their operations and the quality of
their products should be initiated and promoted.

Yam processing and preservation
Curing and storage

Yams meant for storage after harvesting should be cured
before storage so that the skins can be toughened and
wounds inflicted on the tubers during harvesting and
subsequent transportation and handling can be healed.
Yamé storage structures should provide adequate shade,
good ventilation, security against pest and predators and
good sanitation before storage. Wound-free, rot-free and
sprout-free yams should selected for storage and there
should be regular inspection and continued sanitation
during storage.

The improved crib used for maize storage should be modified
for yam storage.

Transportation of yam

To prevent damage to yams during transportation layers of

yams should be separated from each other with dry grass or
any cushioning materials. '

Yam processing factory

A yam processing factory should be established in

Northern Ghana.

Wasawasa production

The technique used in the production of wasawasa from yam

pieces and peels should be improved and standardized so

that it can be produced and marketed in a more hygienic
and acceptable way.

iv.




Processing plant establishment

Cassava processing plants, especially for gari, should
be set up in the Damongo and adjoining districts in areas
of very high cassava production.

Root and tuber crops development board

The Government of Ghana should establish a Root and Tuber
Development Board to, inter alia, promote increased produc-
tion, processing and preservation of root and tuber crops.

Cocoyam, sweet potato, frafra potato processing
and preservation

Research and development studies into the production,
processing, preservation and utilization of cocoyam, sweet
potato, and frafra potatoes should be encouraged and
promoted since very little is being done for these crops
at the moment.

.

Locally-produced equipment

There exists good indigenous technology for the design
and manufacture of root and tuber crops processing and
preservation equipment.

However, improvements are needed in specific areas.

Workshop

There is lack of well-organized plant layout in most
workshops. With the need to produce higher number of
processing units of better quality serious efforts should
be made to improve upon plant layout so as to improve
plant operation efficiency. :

Design

Modifications are needed in the leverage press by a loaded
spring backed weight in the cylindrical graters and the
replacement of the perforated metal sheet with a milled
surface grating unit.

For the cassava press, modification should address the
reduction in human effort and the collection of the liquid
exudate for further processing.

For the roasters, improved designs should aim at addressing
the reduction in drudgery, discomfort, energy consumption
per unit of output and the use of LPG to reduce excessive
reliance on woodfuel.




Spare parts production

Manufacturers of root and tuber crops processing equipment
should be requested to produce spare parts for their equipment
and these should be available at designated shops for purchase.

Drawings

Manufacturers of root crops processing equipment should, on
their own, produce drawings of the machines they produce or be
assisted by local institutions to do this for future duplica-
tion and/or standardization so as to facilitate commercializa-
tion and production of spare parts.

Standardization N
There is generally no standardization in the use of materials
and tools in the production of root crop processing machinery.

There is also no standardization in the equipment itself.
Minimum standards need to be formulated by the Ghana Standards
Board for both construction materials and equipment.

Human Resource Development in Equipment Manufacture

Technical and managerial skills are lacking among manufac-
turers of root crops processing machinery. Local technical
institutions need to mount intensive training courses at

affordable cost for these small scale entrepreneurs.
?

Capital

Lack of capital is a major constraint for these operators.
To solve this problem, a clearly-defined policy on micro and
small enterprises need to be formulated for financing the
whole sector of Small and Micro Enterprises.

Construction materials

Manufacturers of root crops processing equipment depend on
scrap as raw construction material, which is not good enough
for food where hygiene and avoidance of contamination are
important. 1In the short-term such a situation is unavoidable

but in the long-term production of iron and steel should be
undertaken.

vi.




Improved cassava varieties release

Three improved varieties have been released together
with their names. These are:

1. Abasa fitaa which is an all-purpose cassava and
therefore can be used for fufu, ampesi, gari,
agbelima and kokonte.

2. Gblemo Duade which can be used only for gari,
agbelima and kokonte.

3. Afisiafi which can be used for gari, agbelima and
kokonte.

The MOFA through its Crops and Extensions Services Depart-
ment$ should see to the promotion of the production of these
varieties so that they would be available for use in process-
ing into various food forms.

vii.
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“JL. BACKGROUND

Country Profile

Ghana is an independent tropical republican country in West.
Africa located approximately 5 degrees above the equator and
5 degrees below the sub-sahara belt, and occupying land mass
of 238,540 sq.km. The country is sub-divided into 10 regions
namely Greater Accra, Central, Western, Eastern, Ashanti,
BrongAhafo, Volta, Northern, Upper East and Upper West. The
total population of the country in 1990 was estimated to be
14.9 million. The capital city is Accra with over 1.0
million inhabitants.

Economy
Ghana is endowed witH rich mineral resources, the main

traditional resources being gold, bauxite, diamond and

manganese.

In addition to the rich mineral resources, Ghana has
abundant resources in forestry and agricultural products
supported by good climate and fertile lands. . Of about 57%
agricultural land area, 18% was under cultivation and 0.03%

was under irrigation in 1990.

2.03 Agriculture is the largest sector of the economy contributing

about 50% to the Gross Domestic Product (GDP) in 1991 and
accounting also for about 60% of export earhings. Eighty
five per cent of all farming is done by small scale farmers
using traditional technology. The greatest production
emanates from root and tuber crops made up of cassava, yam
and cocoyam. These contribute about 46% of Agricultural
(GDP) with yams exhibiting the largest growth rate in area
planted and coming third after groundnut, maize and'cowpeas
in production growth rate. Plantains account for 9% of
Agricultural GDP.




Cocoa is the second largest subsector contributing about 13%
of Agricultural GDP. The third largest sub-sector is
forestry with a contribution of 11% of Agricultural GDP, and

cereals - maize, rice, sorghum, millet contributing 7%.

2.04 In contrast with agriculture, the manufacturing industries
in Ghana are dominated by modern enterprises which are highly
dependent on imported inputs and equipment. The manufacturing
industries have made significant contribution to the economy
of Ghana since the country adopted an important substitution’
industrilization strategy soon after her independence in
1957. This led to the establishment of a number of
industries which supply goods which were hitherto imported,
particularly in the production of tabacco, beverages,
aluminium ware, paints, household enamel ware, flour,

asbestos cement pipe, aluminium sheets etc.

1 2.05 The agro-based industries form the largest sub-sector to the
manufacturing industries both in terms of numbers of
enterprises operating and in the varieties and quantities of
goods produced. Two main groups constitute the agro-
industries, the food group and the non-food group. The food
group consists of the traditional or indigenous industries
whose main characteristic is the production of staple foods to
meet the consumer needs of the various socio-economic units of
the Ghanaian population. These traditional food processing
industries which are small scale and are scattered all over
the country, are divided into root and tubers, cereals
oilseeds, fish and beverages proceésing enterprises. Of the
traditional food processing industries the most widespread in
the rural areas are the root and tuber crops especially

cassava.

The non-food group are few and large scale and are located

mostly in urban centres.




"2.06 By 1977 there was a decreased economic performance in the
.‘Vx:country resulting in wide scale deterioration in most
manufacturing enterprises and this drastically affected the
food processing sector. ,Qntil the commencement of the
government's Economic Recovery Programme (ERP) in 1983. A
major feature of the ERP has been the lahnching of
rehabilitation programmes in key sectors of the economy and
this includes the development of the food processing sector
through priorities established for the agricultural sector.
In relation to the séctor, the specific aims and objectives
are to achieve self-sufficiency in food crops through
efficient production of cereals, starchy staples and animal
protein food with priority given to cassava and maize. In
addition to production, a priority area identified is the
reduction in post-harvest losses through efficient storage for
small scale farmers, increased efficiency in the processing of
agricultural produce by the agro-business sector etc. Due to
the emphasis on increased agricultural output, the changing
export processed fod&s, the need to improve and develop
existing food processing activities or introduce new food
processing technology has been given much importance.
Processing not only serves as a means of preserving and
conserving agricultural produce but also adds value to the raw

agricultural commodity that is produced locally.

2.07 In spite of the high Agricultural GDP and the provision of
the bulk of Ghana's basic staple food requirements, root and
tuber crops receive insignificant proportion of the limited
research funds available for agricultural research. Maize
which contributes 4% of Agricultural GDP received 11 person-
years of research efforts while cassava, yam and cocoyam which
contribute 46% received less than 7% person years of research
efforts in 1988 according to the Medium Term Agricultural
Development‘Programme (MTADP) launched in 1991.




2.08 While conceding the importance of root and tuber crops in

- thana's food security the nature of these crops present a
number of problems. They are highly perishable and bulky
containing 53-65% water per 100 gram of edible portion and have
low levels of proteins, etc. Adequate processing and
preservation can adquately address, these problems. There is
therefore the need to rehabilitate and develop the root and
tuber crops processing and preservation subsector both by
upgrading traditional technologies in the country and by
introducing new and effective technologies through technology
transfer possibly from other countries. This therefore
necessitates the identification, evaluation and documentatiog
of the available root and tuber crops processing and
preservation technologies with a view to identifying existing
equipment, weaknesses in the technology, if any, and the areas
in which upgrading and transfer of technology are necessary at
the village level where the bulk of processing and preservation
activities are done. .

2.09 In the search for ways and means of improving village
level technologies in root and tuber crops processing and
preservation in Ghana, the Smallholder Rehabilitation and
Development Programme (SRDP) a Ghana/IFAD project
therefore commissioned a short-term consultancy into the
studies of root and tuber crops processing and
preservation in October, 1991 for a duration of twelve
(12) months under the SDRP Project No.GﬁA/BG/FOl IFAD
LOANS 198 GH/SRS - 002 GH. :




'A. Basic Project Studies

A

2.10 The basic project studies were twofold:

- survey of root and tuber crops processing and

preservation methods and equipment at the village;

’

- survey and evaluation of small scale equipment
produced in Ghana for root and tuber crops processing

and preservation;

B. Objectives
2.11 The objectives of the studies were threefold:

- to identify constraints in the processing and
preservation of root and tuber crops at the village

level;

- to recommend already viable small scale processiong
equipment and preservation methods to the farming
communities involved in processing and preservation
and where necessary to recommend improvements or

modifications to the equipment and methods in use;

- to assess the suitability of improved cassava
varieties to the local processing methods.

C. B8tudies methodology

2.12 To achieve the objectives of the studies the following

methodology was used:

- a review was made of some country reports and related
documents and of journal literature relevant to the

studies;




DO
2.13

Final Report

three different questionnaires shown in Annex 1 on process-
ing, preservation and locally-produced small scale equipment
were prepared and were used to collect information in a

country-wide survey;

visits were made to root and tuber crops processing and

preservation centres and machinery manufacturing and distri-
buting establishments in many villages, towns and cities in
the ten regions of Ghana to observe their methods and scales
of operation, manufacturing capabilities etc. and to assess

their needs;

visits were made to research and academic institutions and
government departments which are actively involved in root
and tuber crops processing and preservation and in the

fabrication of processing equipment in Ghana;

the data collected in (i) to (iv) have been analysed in the

preparation of this report.

.
N

This report consists of three main headings which includes
the Background as the first heading or chapter. The second
chapter is the Findings and Conclusions which gives a
diagnostic status of the processing and preservation of
root and tuber crops at the village-level in Ghana and -
evaluates specific technologies. The third chapter,
Recommendations, makes recommendations (some through
appendices) from the findings and conclusions with a view
to assisting in the improvement of the processing and
preservation of root and tubers crops overall particularly

at the village-level.

A Summary of Recommendations is provided at the beginning
of the report. A list of reference of information used
in the study in addition to specific technical data etc.

7
are provided in numerous Appendices in this report.




A.

IIT. FINDINGS AND CONCLUSIONS

Cassava Processing and Preservation

Registration

All the cassava processing units surveyed are small scale
and are in the informal sector of the economy. They are
not registered as commercial enterprises and therefore
have no legal statutory existence. Only a few especially
the NGO funded units have signpots bearing their names

pd

and location.
Ownership

Except for the few that have been funded by NGOs which
are run by local institutions, most of the processing
units are individually - and/or privately-owned and are

operated by semi—~skilled or skilled hired labour.

Custom milling
’

The individually-owned processing unit, which consists

of either a single cassava grater or a cassava grater and
plate attrition mill (corn mill) run in most cases by a
diesel engine operates as a customer service enterprise
where cassava roots are grated for a fee. The institution
owned units operate both as a customer service centre and
as a processing plant producing cassava dough (agbelima)
and géri since they possess presses and foasting units in
addition to graters and plate mills found in individually-

owned units.




3.04

Cassava Varieties Processed/Presarved

There are various varieties of cassava which are processed
and/or preserved by processorsor farmers. Most of them
have local names which differ from region to region and at
times from locality to locality. However, the 6 month and/on

12 month maturing varieties predominate.

Roots Availability and Cost ‘

3.05 Mature cassava roots are relatively available throughout the

year moétly from individual farms. During thé'dry season,
however the fresh cassava roots are scarce and more coétly
due to the difficulty experienced by farmers in uprooting the
crop. During the h%rvesting season, the price of the roots
are reasonable. On the whole the price of raw cassava roots

averages thirteen cedis per kilogram throughout the year.

Fresh Roots Storage

Fresh cassava roots begin to deteriorate within 48

hours after harvesting, initially due to enzymatic action in
the roots and then to rot and decay. No post-harvest storage
of the fresh cassava is therefqye pwucb&SQd before processing
by processing unit. The rootsare either uprooted, peeled

and driéd in the sun or are"uprooted, peeled and washed and
then sent to custom service mills for grating and subsequent
processing into gari and agbeliha. For continuous operation
and increase in capacity utilization of processing plants

cassava roots need to be readily available tor at least 5




working days. This can be achieved if suitable storage of

the roots can be undertaken.

Water Availability

3.07 Although availability of potable water is a vital requirement

3.08

for the establishment of a cassava processing plant (as it is
needed for washing peeled roots, processing eguipment and |
floors) most of the processing units have neither water nor
facility for providing potable water.for their operation:
One reason is due to the fact that because they operate as
customer service units they find such provision unnecessary
as they expect customers to bring only peeled and washed
cassava roots to theilr premises for grating. Another reason
is the work entailed in trekking to obtain large amouﬂts of
water as headloads from local rivers and streams. A few NGO
processing units héwever have boreholes to enable them
operate fully as a cassava processing plants, while other
plants have to purchase water from mobile water contractors

to enable them operate.

Source of Power

Excépt for processing units which are in s@mi-urban areas
which use electric motors, the source of power for a village
cassava processing unit is B8kw (8hp) diésel engine because
electric power supply in most cases is not available.
Cassava processing units which use electric motor as the
prime motive power at times have problems with starter
switches. This may be due to faulty assembly, intermittent
power outage, worn out contact points, moisture arising out
of processing operations and high humidity within some of the
buildings in which the machlnec are housed.

The cost of the dlesel engine may be as high as 3 to 5 times
the cost of an electric motor of the same rating. However,

the diesel engine does not depend on external source to




.09

.10

generate power. When properly installed and serviced, the
diesel engine is more likely to give trouble-free service for

a very long time.
Labour

In the predominantly custom service processing system, only
one operator with or without an assistnat who man the <
operations of the unit. In the NGO institution-owned
processing units where gari is also broduced, the labour
required vary from 3 to 10 adults, one or two of whom

are men. For such units, there is always a group or groups
of women with a leader or leaders who work on scheduled days
in the plant. Apart from the locally-resident group(s) of
women, in some cases there is an overall supervisor of the
unit who may be a regional or a district organizer of the
processing plant, gnd who usually is not locally-resident
and therefore,exercises virtually little or no supervision of

the daily operations of the plant.
Processing Technology

o,
The procesing technologies in use are indigenpgous and have

several objectives which are meant to

1) detoxify cyanide and transform highly perishable crop
into a product of longer storage life as in gari

production;
2) transform a highly perishable crop into a more convenient-
and easily marketable form as in gari, agbelima (cassava

dough) and fermented cassava chips (kokonte) production;

3) meet consumer demand for a staple food as in gari and

agbelima production;

10




3.11

3.12

4) meet local and export market demands as in gari and

agbelima production.

In the processing technologies, the cassava undergoes various
operations in’efforts by mostly women to process the roots
into different products. These operations are shown in the
flow charts in Anﬂtx 2. The operations include basically,
peeling, washing, cutting, grating and depending on the end-'
prqduct envisaged, the opérations would include fermenting,
dewatering, sifting, roasting, sieving,‘drying, packaging and
storage.‘The most sophisticated traditional processing

operations and product of the cassava is gari.

Garl production technology (vide Annex-;% ..... )
Peeling

This involves the removal of the cassava peel with a knife,
the cassava being héld in one hand and the knife held in the
other. The operation is slow and time-consuming since the

rate of peeling depende on the type and siée of the cassava
root. The rate varies widely and averages 25-50kg of peeled
cassava per person hour with a peeling loss of about 20-30

per cent of the edible portion of the cassava. There is the
danger of the human peelers injuring their fingers with the

preeling knife in the peeling process.

Washing

This involves the cleaning of the peeled roots in water
contained in enamel or aluminium bowls or plastic or
galvanised buckets using sponge at times. Processors and/or
their dependants usually have to wallk long distances to fetch
water to enable them wash reeled cassava. Due to the
frequent scarcity of water, peeled cassava wash water is used
several times without replenishing. The roots however emerge
from the washing operation clean because of individual

attention usually given to each tuber, the wash water on the
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other hand becoming frequently loaded with dirty sediments

from the roots.

Grating

Grating or milling of the cassava roots is achieved either
manually or mechanically. In the manual process the
cassava is grated by means of a hand held grater which is a
curved nail-perforated galvanized sheet metal nailed to a
wooden board which is held either inclined on the inside edge
of an enamel bowl receptable with theﬂlower end sitting
insidé the bowl or held against the thigh with the lower end
in the receptacle. The peeled and washed cassava root is
rubbed manually and continuously against the sharp ridges of
the perforations which constitute the grating éurface and by
this cassava mash is produced which collects in the |
receptacle. Grating with this equipment is labourious and
time-consuming and gf very low output. By this method only
18-23kg of cassava may be grated in an hour. Because of
danger to the fingers it is not possible for a processor to
grate a whole cassava completely and therefore about 3-5 per
cent of the root is usually left ungrated. The hand held
grater is usually not properly cleaned and cassava chippings
left lodged in the perforations at times become foci for
microbial growth and subsequent food contamination. It is

however very inexpensive and very easy to construct.

Many vilage communities now have mechanical cassava graters
run mostly by 6kw (8hp) diesel engines and a very few by
7.5-11.2 kw (10-15hp) electric motors which provide customer
grating service not only for resident village cassava
processors but also for other communities within 1.2 to 2.4
km radius. T%ere are two main types in use; cylindrical/
drum and disc types. Compared to the hand held grater, the
output of mechanical graters is very high averaging 500-

1000kg of grated cassava per hour.
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Fermentation

The fermentation operation in most cases, is combined with
the dewatering operation in which the grated cassava mash is
loaded into jute or polypropylene sacks or baskets covered

with sacks and heavy stones are piled on the pulp. During

.this process which takes 2 to 4 days and at times longer to

complete in the production of gari, about 30% of the juice,
is pressed out of the mass and at the same time a degree of
fermentation takes place which causes cyanide detoxification
and the development of a sour taste. The unstandardized
nature in the fermentation operation which relies on natural
microflora contact results in considerable variation in the
final product of the entire process; from acidity to
undesirable flavour. The operation is also time-consuming
and the liquor from the mash is usually allowed to freely
drain onto the g;ound, thereby not only wasting the liquor
from which .starch can be obstained but also making the
working areas soggy and creating very unhygienic conditio:
which attract a lot of flies leading to environmental hazard.
The end of the fermentation is usually indicated by the
appearance of some froth on the outside of jute bag. The
fermented mash may have a moisture content of about 45 per

cent.
Dewatering

Dewatering, as earlier indicated, is achieved by placing
heavy stones on sack or baskets loaded with the cassava mash.
There is however, a gradual introduction of parallel board
and other screw presses for improving the whole

fermentation/dewatering operation overall, in some processing
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units especially in the NGO-funded units. Due to the
financial cost involved in their acgqguisition coupled with
their low patronage even as custom service gadgets and their
limited capacity, the use of the presses is very limited and
not widespread especially in individually, privately-owned

cassava processing units.

Sifting

The fermented, dewatered cassava mash is manually
disintegrateé and sifted through traditional cane sieve on
the apprlication of moderate hand pressure in a rotary motion.
The aperature size of the sieve has been found to correspond
to 400 microns (0.157mm) or 3.99 x 10-3 m which is ASTM
(American Society for Testing Materials) Mesh No.5. The
primary aim of the sifting operation is to remove or sort out
woddy portions of tpe fermented, dewatered mash to obtain a
fairly qniform pro&uct. The operation also aids the
subsequent roasting operation in that the particle sizes of

the product being relatively uniform could be heat-treated at

the same temperature in the same time period. A saving in

energy consumption in the roasting operation is therefore
achieved since otherwise additional woodfuel may be needed to
roast oversized and unwanted materials which may result in
the charring of undersized ones and the lowering of the
aesthetic and market value of the resultént end-product,

gari.

Roasting

The fermented, dewatered and sifted cassava mash is roasted
in either a shallow slightly concave cast—-iron pan or in a
shallow slightly concave earthernware vessel mounted either
on a three-legged clay mound stove or on a dug-out hearth
both of which employs wood fuei fire as the energy source.
The stove exists in may forms, stones, bricks, rubber tyre

rims, etc. three of each groupr placed in a triangular shape
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is used. The most common form is the three clay mounds which
is constructed on the ground with gaps left in between the
mounds to act as woodfuel stoke holes. Resultant flames from
lighted woodfuel expertly places in the stoke holes heat the
mounted pan which transfers the heat by conduction to the
sifted cassava mash inside the pan. The pan is sometimes
smeared with o0il, usually palm o0il, and the sifted material
is spread thinly in the pan in lots of 2-3kg at a time and
continually stirred to effect partial gelatinization of the
starchy granules and is continued until a rusting sound is
heard, indicating that the moisture has been driven off
through drying. During the roasting period most of the
cyanide is also driven off. The roasting operation lasts for
30-35 minutes and the resultant product, gari,;which is about
20-25 per cent of the weight of the fresh cassava tubers and
with a moisture coptent of 8-10 per cent, is gritty and
granular, white or pale straw in colour with a slightly sour
aroma and a characteristic taste. The determination of the
end of the roasting operation depends largely on the
experience and correct judgement of the processor in
ascertaining the correct degree of crispness and colour of
the resultant product. This method of roasting by women nay
make them to suffer from either headaches, bodily pains,
fever, heat rashes, diarrhoea, reddening of the eyes, profuse
sweating or even miscarriage caused by the heat and smoke
emanating from the roasting process. The vapour driven off
during the process also contains some cyanide and the
continuous inhaling of the vapour also presnts a health
hazard to the processor. There is a high energy loss in most
of the village gari roasting operation because of inadequate
regﬁlation of the wood fire intensity and therefore energy

consumption per unit output of gari is relatively high.

Improved roasting units have however been incorporated in the

NGO-funded cassava processing units in order to reduce the
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discomfort suffered by village women processors and to
improve\on the energy consumption. Each such roasting unit
consists of a hearth of burnt bricks laid out in a raised
rectangular fashion with the top open and a chimney made of
burnt bricks is attached to the rear which is-outside the
processing area. There are two stoke holes of rectangular
cross-section below the hearth which serve as woodfuelling

entrance, and the chimney allows the smoke from the woodfuell

to exhaust. Roasting is done by two women standing beside

the hearth and stirring continually lots of sifted mash in a
shallow cast—-iron or steel pan mounted on the hearth which is
heated from below.

Sieving ’

Village processors do not normally sieve their gari unless

the~roasting process results in relatively large amounts of
oversized gari partigles. When this happens the traditional
cane sieve is’used, and the oversized partially-gelatinized

particles are sundried and sold as animal feed.

Packaging

The gari is normally packaged in jute fibre sacks and stored
in that way undef prevailing ambient room conditions. Some
of the gari is put into aluminium or enamel bowls. Due to
the relatively poor packaging method due té non-air-tightness
of the package, the gari picks up moisture in storage
resulting in loss of crispness. Prolonged storage under
prevailing ambient conditions therefore affects the gari
adversely.

Agbelima production technology (Annex..?' ....... )

Agbelima (cassava dough) is the.next processed cassava
product. In terms of quantity, it is the leading product
produced by most of the processing units because its

production entails primarily the grating of the peeled and
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washed cassava tubers and the subsequent fermentation of the
resultant mash. Moreover, the handling, packaging and
conveyance from the point of production to the point of sale,
usually on m%rket days involves the use of few baskets of
various sizes and some enamel bowls and calico cloth. In

essence, agbelima is far cheaper to produce and sell than

'ggri. Unlike gari, aghelima is produced commercially for

. . ‘
sale in most cases on specific market days in rural and urban

centres.

In the production of aghelima the cassava mash is seeded with
an innoéulum made of previously fermented cassava pieces
thereby reducing the fermentation period from 2 to 4 days to
a day or less. The unstandardized innoculumlas prepared in
several ways, inter alia, as follows:

1) peeling ana drying of cassava pieces for 2-3

days during which period they ferment;

2) wrappring of the cassava pleces for 2-3 days for them

to ferment;

3) toasting, wrapping and aging of cassava pieces for

3-4 days for them to ferment;

4) submerging in water, wrapping and drying of cassava
L ]

pieces for 3-4 days for them to ferment;

5) submerging the cassava pieces in water for 2-3 days

to ferment and then drying for 3-4 days.

Apart from shortening the fermentation/dewatering operation
the innoculant is supposed to break down the fibres in the
cassava mash into very fine particlesso as to make the dough

smooth.

17




3.

23

.24

By-products

The main by-products obtained from the frocessing units are
cassava peels which are either sold fresh or are sundried and
packaged in jute fibre sacks and sold as feed for livestock
in rural and urban markets, especially during market days.
A lot more of the dried cassava peels is obtained from
kokonte (dried cassava chips) production which involved the
hand peeling of the cassava tubers and éimultaneous sundrying

of the edible portion and the peels.

In processing units where the cassava mash is pressed, either
in a screw press or with loads of stones, a log of milky
Juice comes out of the pressing operation as a by-product
which is allowed to g waste. With improved pressing
operation methods, this by-product can be collected and
decanted to obtain starch which can even be modified to

obtain glucose syrup.

Another by-product obtained from processing units which
produce gari is agglomerates of large particles of gari
which are partially gelatinized and dried and therefore
have a higher moisture content. The gari particles
agglomerates are usually sundried and sold as feed for

livestock.

Classification of Processing Units _
The method of operation classification groups all cassava
processors with or without pfbcéssing machines. The cassava
proceésing units can be grouped according to either the
"method of operation” orlthe| number and types of equipment
used". In the method of operatlon group there are five main
types of operators and in the number and g%es of equipment

there are three main types of operators.
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Method of Operation

First type of processors

The first type of processors in the method of operation
group, roast, grated, dewatered fermented cassava mash along
some major road networks (like the Accra-Kumasi road) and
sell the resultant product, gari, on vending tables along the
road. These garimakers are primarily raw cassava root
sellers and whilst selling their wares peel some of the
cassava, wash them and send them in enémel containers per
their maids or children to custom-service milling houses
located some 1-2km away for grating at a fee. From the
miller the grated mash is either brought back to the vending
site where it is loaded into polypropylene sacﬁs which are
then put wooden planks and dewatered and fermented for 1-2
days by piling heavx.stones on the sacks or the dewatering
and fermentation are done in similar manner at the custom
millers” site. After dewatering and fermentation, sifting in
traditional bamboo sieves followed by roasting in shallow
concave metal pans placed on 3-point triangular-shaped stome
stove are done, just behind the cassava selling areas.

These road side cassava ﬁrocessors operate mostly when
cassava is plentiful on the market and as a subsidiary
income-generating activity to their main vocation which is

selling of fresh cassava tubers.

There is another type of roadside cassava processors who
operate along the untarmented Buipe-Damongo road. One of
such types is at the village of Busunu in the Damongo
District. These processors, who are not raw cassava vendors,
grate’the cassava tubers using hand held graters and dewater
and ferment the mash traditional}y with heavy stones loading
near their compound houses, while sifting and roasting of the
moist mash are done along the road. The sifting is done using

traditional cane sieve and the roasting into gari is done in
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shallow concave pan placed on a dugout fireplace into which
the fuelwood is put, lighted and regulated. The roasting is
done by women and at times children with the men helping when
the wife is indisposed. The sifting and roasting are
usually done under huge shady trees along the road,
occasionally a shed may be erected for theee activities, when
a tree does not give good enough shade. Gari produced by
these processors is fibrous due probably to the cassava used

or the equipment and method of processing employed.
Second type processors

The second type of processors, which is a family unit as the
first type, also gets their washed, peeled casséva roots
grated in custom-service milling houses located some
distances away or near the processing site as in Nkwabeng
Sunyani district and kwesimintin, Takoradi district but
dewatering and fermentation are done with parallel board
presses in a compound where sifting and roasting into gari
take place under a shed or sheds. This type of processor is
the most common and the custom-milling house is usually
privately-owned and may be either only a single cassava
gratihg machine or a grater-cum plate mill (corn mill)
combination unit which gives common service to the community.
In véry limited cases the grating of the éassava is done in
instituton-owned plants, which have the full»compliment of

equipment apart.from the grating machine to produce gari.

A variation of the second type of processors operates not in
a village but in a suburb of the Kumasi Metropolitan
Authority. These processors who operate in a large compound,
near the Ghana Broadcasting Station, Kumasi, share the
services of a common cassava grafer which they either
collectively own or is on hire to them from a manufacturer

for which a monthly fee is paid for use. The group consists

20




3

.29

of about 7 family units each possessing a parallel board
press for dewaterisng and fermentation and 3-4 roasting bays
under thatch roof sheds where gari is roasted in shallow
pans placed on 3-point mud stoves. The open nature of the
working compound favours the blowing of winds which greatly
increases the rate of fuelwood consumption during the
roasting process and also causes considerable smoke,
emissions which affect the eyes of the women processors.
About 60-70 per cent of cassava processors countrywide are in
this category. r

Third type of processors

A third type of processors, each of which is a fémily unit,
have their own parallel board presses for dewatering and
fermentation but have to hire a mobile cassava grating
machine which the oﬁher—operator brings to them on request on
specific days. For grating jobs therefore, the processor has
to inform the owner-operator of her need for the machine and-
pay in advance the cost of transporting the machine to and
from the customer”s site. Services for grating are charged
according to the quantity of cassava grated. One of such '
type of prbcessors operates in the Cape Coast district of the
Central Region and the hiring mobile grating machine used has
most of the components made of wood, and uées insecticide
spray machine motor, which is self~starting)to transmit power
to the grater. The surface of the pressure application
wooden block ofsuch a grater gets worn out from frequent use
of the machine and the wood chippings may even be

incorporated into the grated cassava mash.
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Fourth ‘type of processors

3.30 The fourth type of processors operate under the aegis of a

&

31

processing'plant which have been donated by a non-governmental
organisation (NGO) but whose operations #are co-ordinated
and/or managed by a local organisation or institution. Some
of such plants are at Kwamoso, Ejisu District, Ashanti Region;
Takla, Hodzo-Aviepe and Abutia-Teti, Ho District, Volta
Region; all donated by Sasakawa Global 2000 and being managed
by the 31st December Womens® Movement (31 DWM). Other such
plants are at Hodzoga, Ho District, Volta Region, donated by
Friedrich Ebert Foundation to the village Life Skills
Improvement Programme, WHO/GOG project and being managed by a
village committee at Dawa, Ada District, Greater-Accra Region,
donated by UNDP and managed by Environmental Protection

Council (EPC) with the assistance of a local committee.

Equipment for such processing plants set up primarily for
gari production, usually comprise$a drum-type, cassava grater
or a disc-type grater as in the Dawa unit, a corn mill, a
diesel engine or an electric motor as the power unit for both
processing machines, two parallel board presses or a screw
press as at Hodzoga. All the machines are usually housed in
burnt bricks or concrete building with aluminium roofing which
provides good ventilation. Except the\Dawa‘unit which has to
purchase water at times for processing purposes, all the other
units have boreholes for water. Cassava processing is
therefore very irregular at the Dawa unit.

The Kwamoso, Takla and Hodzo-Aviepe processing plants have
roasting bays consisting of two rows of smokeless ovens made
of burnt bricks with the chimneys outeide the building.
Roasting of the moist fermented cassava mash is done in two
recfangular stainless steel pans piaced on the ovens which are
heated with lighted fuelwood fed through stoke holes beneath

the stoves.
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In Hodzoga however the roastisng unit is housed under a
thatched roof shed outside the main concrete building
accomodating the grater, the diesel engine, the corn mill, and
the press. The roasting pans are square shaped and are placed
on the burnt brick smokeless oven whose chimney is shorter
than the roof of shed thus resulting in the blackening and
burning of the Fhatch.

Unlike the other processing unite in the fourth type of
processors; gari production in Hodzo—AViepe is well-
organized. Thereare six groups of processors with 20 people
mostly women in each group. A sizeable cassava farm or farms
each about 16m x 16m is initially purchased by the groups as

a whole. For processing the groups are organized:as follows:

- the first group goes to the farm at abou£ 0530hr. say
~ on Monday and retdrns at 0800hr with harvested cassava.
From 0800hr to 12.00 noon the group does peeling, washing,
machine-grating, innoculating of the mash which is allowed

to dewater and ferment for the following day.

- on the following day Tuesday, the first group starts
sifting and roasting the moist fermented‘mash by 0800hrs
and finishing at 18.00hrs.

- during the period when the first group is sifting and
roasting the second group would be in the farm harvesting
cassava which they bring to the processing site, work on
it uvp to 12.00 noon and sift and roast the mash the
following day, Wednesday.

In effect each group works effectively for two consecutive
days to produce 1.5 mini bags of'gari from 3-4 mini bags of
dewatered fermented mash. Within a working week of 6 days,

ie. Monday to Saturday, five groups participate in the gari
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production, leaving the sixth group to commence the production

procedure the Monday following.

In the Hodzo-Aviepe plant and other plants which are fully
equipped cassava dough (agbelima) production is a secondary
occupation and is produced more or less by individual members
of the groups to meet specific local market days® demands.
Besides, cassava peel by-product is wusually shared to

individual peelers who need them as feed for their livestock.

In addition to the standard cassava processing equipment found
in NGO funded establishments, the Hodzo-Aviepe unit has a
peeling table, an additional parallel board press and a
cassava root washing bay outside the plant but néar‘a storage

tank which acts as a reservior for water.

-

i.33 A varied version of the fourth type of processors operate in

the Korluedor village, Ada District, Greater-Accra region.
Here the processing wooden building accommodates two roastiné
bays and a diesel engine which is connected by a pulley and
a flat belt to a drum-type cassava grater mounted on a
concrete patio outside the building. A screw press is also
mounted at one and of the patio. The arrangement of the
grater and the press outside although exposes the two
machines to the vagaries of the weather, facilitates the
primary customer-service function of the processing unit.
The construction of the patio with its drainage channels for
extracted casséva jJuice helps in maintaining a relatively
good sanitary environment in the processing unit which
belongs to the Christian Mothers” Association of the Catholic
Church, Tema district. Due to poor construction the
roasting bays are not in use and therefore moist fermented
mash roasting into gari takes piace under a thatch roof shed

erected some 200m away.
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Fifth type of processors

3.34 The fifth type of processors comprises producers of agbelima
(cassava dough) which is obtained by grating the cassava
roots in mechanical graters and fermenting the resulting mash
in the traditional way of pilling stones on the bagged mash.
These agbelima producers are the largest of cassava
processors in terms of numbers of operators and in terms of .
volumes of product. These operators are found anywhere a
mechanical cassava grater is installed. Their mode of

operation is as follows:

- large cane baskets with volumes varying between 0.2 -
0.3m= Annex..s... are obtained and deposited on a special
constructed concrete patio in front of the building hohsing

the cassava grater _.and other machines;

- the baskets are filled frequently by either the owner of
the basket and her children or by hired labour, with small
quantities of freshly peeled and washed cassava roots until
the baskets are fairly full;

~ grating of the cassava usually starts about 18.00 hrs. in
most cases when the owners of the filled baskets are
present at the processing site and continues for 2-4 hours

depending on the quantities of roots available;

- the grated mash is loaded into the large baskets while the
cassava is being grated and the mash is manually pressed to

squeeze out some of the liquor;
- the mash is later loaded into polypropylene sacks and

dewatered and fermented for a day or two after it has been

seeded with appropriate innoculum in many cases.
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- payment for grating is determined by measuring the volume

of cassava .grated by means of a special basket 0.0l m3 in
volume Annex..3 .. which is loaded over the brim in a
conical fashion to represent the unit of fee charged by the
miller.

Agbelima producers are concentrated mostly in the Greater
Accra, Eastern and Volta Regions with the largest group
concentration in Kaseh market, Ada District, Greater Accra
Region, where there are ten cassava grating-cum-corn milling
machine units which give custom service to the producers.'
Each of the units has a concrete patio in front of its shed
where each set of machines is housed and is used for.
dewatering and fermenting the cassava mash. The size of each
ratio is however small and cannot therefore cater for the
large volumes of agbelima produced. Consequently the
producers resort to ﬂsing the large open spaces in front of
the custom service milling units for dewatering and
fermenting their cassava mash. With the uncontrolled
spillage nature of the milky Jjuice from the
dewatering/fermenting process these open spaces become very
soggy and unsanitary and a breeding ground for flies of all

kinds, creating an environmental problem.

Seventy per cent of the cassava graters used in the Kaseh
market for agbelima production is the cylindrical type with
a wooden rectangular box-like hopper fabricated by a local
carpenter/blacksmith. The hopper rests on two end-bearing
blocks which accomodates the shaft of the grating rotor
Raw cassava is loaded into the hopper and after grating falls
below the hopper and the rotor into an inclined concrete
trough from which the mash is scooped into enamel basins and
then loaded in polypropylene sacks for subsequent dewatering

and fermentating.
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Number and type of equipment

In the number and types of eguipment group of classification
account is not taken of the processors as such but rather the
facilities used for processing the cassava. In this
classification there are three main groups or types

operating.
First facilities group

The first group comprises procesing units with a cassava
grater powered by either a diesel engine or an electric motor
both of which may be housed in a wooden building or the
grater may be outside the building but connected to the prime
mover by means of belt and pulley transmission. The main
function of such units is to give custom service to cassava

.

processors.
Second facilities group

The second group of processing units have-a grater and a
plate mill (corn mill) each of which is run alternately by
either a diesel engine or an electric_motor. In most cases
both size-reduction machines and the prime mover are all
housed in a wooden building. In very féw cases the grater
may be outside the building. The primary function of this
group is to give custom service to both cassava processors
and maize mil}ers. The group is the most common because of
the additional income generated from serving non-cassava
processors who may be more frequent at the processing site

with their small quantities of maize for milling.
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Third facilities group

The third group of processing units comprises the non-
governmental organization (NGO) funded units which have a
grater, a corn mill, a press, roasting bays and a diesel
engine or an electric motor as the prime mover for the two
size-reduction machines and in most cases a borehole for
water. The primary function of this group is to produce
gari for distribution by their local management
organisation. The number of units oﬁerating in this group

is very small and may be less than twenty cduntry wide.

/

Kokonte Production

;
Apért from gari and‘agbelima which are produced by woman and
family units in moét villages of Southern Ghana, "kokonte"
fermented cassava chips, is also produced even more
countrywide than gari and agbelima since many households in
urban and rural communities tend to indulge in its
production because it does not need any skill or any
processing equipment traditionally for its production.
Conéequéntly, kokonte can be seen being pfoduced by
sundrying cassava chips on roadsides roof tops, in
market places, on concrete constructioné and elevated
structures in and around various homes all over the
country. Such traditional method of kokonte production
exposes the final products to all sorts of external
contamination even from human beings. Most, if not all, the
kokonte produced in this way:is for household consumption

and do not enter into commerce, to any appreciable degree.
The bulk of commercial production of kokonte is undertaken

in the northern parts of Brong-Ahafo Region and throughout

the Northern Region except Walewale and Gambaga districts

28




3.

43

which are in, the transitional zone between Northern and
Upper Regions and which do not grow cassgva. The production
areas have very favourable weather during the drying period
of the cassava chips. This weather, the harmattan, which
consists of dry northwesternly winds, facilitates the
sundrying of the large chunks of peeled cassava destined to
become kokonte. Sizeable quantities of kokonte are also
produced on commercial scale in the Ada district of the
Greater -Accra Region but the bulk of the commercial
production is obtained from the aforementioned northern

parts of Ghana.

The processing technology employed to produce kokonte in the
village of the northern parts of Brong-Ahafo Regipn and in
Northern Region are similar but with slight variations which
do not affect signif}cantly the quality of the kokonte

produced. The genefal processing technology which is shown

in a flow diagram in Annex..z.... is as follows.

- Cassava, mostly the 12-month maturing Qariety, is
harvested about the fourth week in December and early
January when the ground is soft enough after the rains

" for uprooting by hand and are then peeled with sharp
cutlasses by the farmers and their families, hired "

labour being used when the harvest is abundant.

- The peeled roots are then cut lengthwise into two or

four pieces which are spread out to dry on either
cassava sticks or leaves, sorghum stalks made into mats
or on raised platform made of sticks covered with
thatch. Depending on the weather and on the sizes of
the pieces the drying takes between 2 - 8 weeks.

In any case by the end of February the cassava

rieces are fairly dry to a low moisture content of about

10 per cent (wet basis). The cassava pieces or chips are
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collected afterwards and conveyed as head loads or by
tractors with trailers to the villages for storage in

barns called "Kanborn" in Lumo village.

In some villages such as Lumo and Tampei Kukuo, in the
Tamale district of the Nofthern Region, the cut cassava
pieces are dried on raised platforms either on the farms or
in the village because of theft by sheep and goats which are
reared in the village. However most large-scale "kokonte"
producers in the two regions generally do not bring the bulk
of their peeled cassava to the village for drying due to the
large quantities involved and only bring small quantities to
dry on raised platforms mainly for home consumption. A
typical raised platform which is used to dry partially-dried
cassava pieces carted from the farm to the village may be

5.3m long, 4.8m wide,and 2.8m - 3.0m high.

The platform called "leinga" in Lumo village consists of
about eight strong sticks or poles forked at the top which is
overlaid with horizental drying platform made of woven
sorghum stalks mat or of sticks covered with sorghum stalks.
The sticks making the platform are tied with tie-vine to each
other and the end sticks are tied to the uprights. A ladder
made of sticks and tie-vine is used for climbing up to spread
the cassava pieces (kokonte) on the platform. The vertical
sticks or poles are replaced seasonally when weak. Drying on
the leinga takes about eight weeks from the time of peeling
of the cassava. When thoroughly dried, the kokonte is

collected and stored in a kanborn or barn, Annex...........

The barn, or kanborn is the most common storage structure for
kokonte in northern parts of Brong-Ahafo and Northern
regions. It consist of a base made of strong thick sticks
which are arranged radially and tied together by tie-vine in

an inverted umbrella shape. The base is usually erected on
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a stand consisting of short thick tree trunks 0.3 - 0.b5m
high. The base is built low in order that no animal
predators can stand under the barn to eat stored product and
in such a way that the bottom i1s not wetted by rainfall
unless there is a flood. In between the radially-spaced
sticks strong upright sticks are erected and tied in such a
way as to pfevent movement. The number of uprights, which
are usually imbedded into the ground, depends on the
circumference of the base. For a barn of 5.8m circumference,
1.4m high and having a stand of 0.3m the number of upright
sticks ie 12. The cylindrical framework is usually covered'
with woven mats of sorghum stalks and the top is covered with
a conically-shaped thatch roof also made of sorghum stalks.
The completed barn to takeé a minimum of 8 persbn-days,
working 12 hours a day to construct. It is however
constructed in most cases either by a family group or
communally and in this‘&ay the completion period is shorter.
Usually the sorghum stalks used for the covering is cut and
piled up in the farm to dry and is brought to the village to
be used when enough is obtained. A new barn is built every
2 or 3 years when the straw covering the thatch roof and
sticks are weak.

Largé-scale kokonte producers are able to construct and fully
fill four large barns with kokonte in seasons when cassava
productions is good. Generally however the number of barns

is two per household.

The effective height of a barn measured from the gird or rim
of the base to the top of the cylindrical part, varies from
1.4m - 1.7m and the circumference 5.8m - 8.9m. The effective
cylindrical volume is between 3.75m3 to 10.7m3. Estimates
show that a barn of 10.7m3® can accommodate a maximum of two
trips of tractor load of kokonte which amounts to 60 maxi
jute fibre sacks, as any additioﬁal load may burst the sides

and fracture the framework.
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Depending on the moisture content, the kokonte can stay in
the barn till the next harvest season or for at least 12
months but it is usually infested while in storage by weevils
and/or Larger Grain Borer (LGB) which bore holes in the
stored product through which they enter and eat it, reducing
a considerable quantity to powder by the 7th month of

storage.

In Tampei-Kukuo and other villages, kokonte is also stored in
mud rooms after being dried on raised.platforms, the storage
room, which is usually cylidrical in shape and covered with
thatch roof, is 5m in circumference and 1.5m high, with
volume of 3m3. It has a door opening 0.6m high and 0.5m
wide. The wall thickness is about 0.15m. Thé construction
material is sun-dried mud or clay bricks which are moulded by
men and dried for ? days. For a storage room of such
dimensions about 250 sundried standard bricks were used in
its construction and it takes 3 person-days to build. When
mud is used in construction such a room it usually takes 9
person-days to complete. No sticks or grass is added as a
mixture when mud is used in the construction. The a storage
room is normally constructed inside the compound house,
typical in the Northern Region, to prevent flood water
destroying it. When filling the storage room to the brim with
kokonte, the thatch roof is removed, thé door is closed and
the kokonte is poured in from the top which is later covered
with the thatch. The thatch roof is usually replacesvwith a
new one when it decays. Termite attack of kokonte in room
store is common and may even affect the store itself. With
good housekeeping and maintenance practices the mud-brickw'
room store can have a life span of up to 10 years. The
Tampei-Kukuo store which is estimated to have a capacity of
20 maxi Jute sacks is already 5.years old ;and shows no signs

of cracks due to weather conditions.
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In an effort to improve the storage of kokonte the Post-
Harvest Development Unit (PHDU) of the Crops Services
Department and the Extensions Services Department both of
MOFA have constructed an improved kokonte storage
demonstration barn on the compound of a farmer. The barn
which is 9.2m in circumference, 1.2m high with a leg 1.0m
from the ground has a capacity of about 8.1m2. The legs are
fitted with 0.3m high rat guards made of 4.5 litre oil metal,
containers the top and bottom of the guards being 0.9m and
0.6m from the ground respectively. The barn is estimated to
accommodate 40 maxi jute fibre sacks of kokonte the quantity
of which causes the sides of the barn to bulge. To prevent
the barn from collapsing strong sticks are used to wedge the

sides.

From estimations a barn with a capacity of 8.1lm can carry“a
load of about 45 méxi jute fibre sacks of kokonte, and
therefore any exhibition of collapse of such a barn can be
attributed to such factors as high bulk density of the
kokonte due to its high moisture content, weak compressive
strength of the construction materials for the raised bottom
floor and sides of the barn, and the manner of loading of the

kokonte into the barn.

In addition to the barn, the PHDU of MOFA has constructed a
demonstratidn storage crib made of sawn timber, similar to
those used for maize storage, on the comp@unds of the same
farmer and another farmer nearby. A similar storage
structure has been constructed in the village of Tampei-
Kukuo. Indications are that one such crib has also been
built at Yipala village in the Damongo district. The
dimensions of the storage crib in the villages are 1.bm wide,
2 - 3.5m high (front) and 1.4 - 3m high (rear) with a
drying/storage rlatform 1m from the groundand an overall

length of 4m. The legs are covered with rat guards.
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Also on the same compound, a plain concrete floor for drying
patio, 4m x 5m with a depth of 3.0cm has been constructed
as an additional demonstration facility to the crib for

drying of kokonte.

The design of the barns in the various villages are similar
but they are not standardized as their sizes, guantities of

construction materials used and their capacities vary widely.

The drying patio constructed apparentiy to encourage farmers
to construct similar structures for drying'of their cassava
chips is useful although it restricts air flow around the

chips and thus reduces the rate of drying. A black-painted
cement floor is better than a plain cement floor as it gives
shorter drying times due to the heat retention nature of the

blackened surface.
Capacity Utilization of Cassava Processing Units

The capacity of a cassava processing unit such as a grating

-machine or a processing plant can be defined in terms of both

the quantity of cassava that it is possible to process in an
hour or a number of hours (for example 24-hour period) and
the number of hours or days that it is possible to operate
over a longer period of time (for examble a year). The
narrow hourly definition does not allow for time lost
through maintenance work and the need to observe public and

annual holidayé.

Custom service single cassava grating units work .
intermittently and a few hours and only during the day
because they are either family-owned or individually-owned
and operated and also because‘they require customer
participation. Custom grating units also need neither to

adhere to statutory holidays or carry out extensive

.
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maintenance programme. The effective hourly capacity of the
custom unit also depequ on & number of factors. For example
if the volume of cassava to be grated comprises a large
number of small quantities, lost production time is greater
than if it comprises a smaller number of large quantities
because the unit has to run empty each time a customer’s
cassava 1is processed before the cassava of the next customer
is fed into the grater. The rating given by manufacturers of
the cassava grater however assumes continuous operation which

is at variance with practical realities.

Processing plants funded by NGGs, also do not operate
continuocusly for 24 hours a day or even a few hours each day
in a week. In fact the operations of these plénts‘are
erratic. For example, a plant is operated atltimes only when
a customer brings cassava for grating or pressing
necessitating the use of the grater or press. In most cases
grating of cassava for customers is the only activity
undertaken by these plants - which make them custom-grating
houses rather than processing plants where the full range of
cassava processing operations is carried out. Occasionally
theee plants operate to process their own cassava into gari
and agbelima but these activities are few and far between.
Often the operations of these plants are left in the hands of
local semi-skilled and unskilled personnel\who are engaged in
other personal vocations. Proper supervision of the plants”
operations are therefore lacking as in many cases the overall
supervisor or manager of the plant may be residing in the
district or regional capital far removed from the plants.
These processing plants are therefore idle for most of the

time. '

The individually-owned processiﬁg units comparatively have
relatively higher capacity utilization efficient than the NGO

units although they depend wholly on customer participation
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for their operations. This is so because, in most cases,
these units, which are private, are sited in such areas as
market places, centres of villages or town, or near main road
networks, where they are more easily accessible to customers.
In addition unlike the NGO funded institution-owned units,
the individually—owned units although they work
intermittently, operate almost daily since they need neither
conform to government laid down regulations of number of
working hours a day nor adhere to statutory holidays and

staff leave rosters.

A great deal of excess capacity is therefore available at
the cassava processing units especially the NGO funded

institution-owned plants.
Yam Processing and Preservation
Processing

Yams are grown in most regions of Ghana except the Upper East
region. However, the largest yam production areas are in the
Northern Region. Despite its widespread cultivation which
has ever been boosted by the introduction of the miniset
production technique, yams are not processed in any
appreciable quantities in the villages. ‘Apart from boiling
and eating as "ampesi", pounding into fufu, roasting and
frying, the only product from yam which is ﬁraditionally
processed and marketed on a regular basis is "Wasawasa'.
However yams are prepared in various forms occasionally
mainly for home consumption. Some of these traditional forms

are: i

- Oto (Twi, Fanti, Ga), Etetugﬁ, Etenyanya (Ewe), which is

mashed yam with palm oil and hard-boiled eggs. The oil

is mixed with the yam after cooking and mashing and the
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eggs after boiling are peeled and put on top of the mash.
Sometimes tomato and onion are fried in the oil and added

to the yam. This is a festival dish.

Mpotompoto (Twi), Kpotonkpoto (Ga) Mpotoe Tedzogboe (Ewe)
is a yam porridge. Yam is peeled and cut into cubes
which are then boiled with meat and/or smoked fish,
onions and tomatoes in a fairly large volume of water.
Sometimes more onions fried in palm oil are added. The
yvam pieces may be mashed into theAliquid or left in as
such. Mpgtompoto is sometimes made simply with yams and

a little palm oil.

Yam flour/yam kokonte - which is made from the heads "of
yvams which take longer to cook than the rest and are
therefore not com?only cooked when making ampesi or fufu.
It may also be ﬁade from any yam which shows signs of
rotéing. Yam flour is cooked like cassava kokonte or

made into "wasawasa'.

Wasawas production

WasaWaSais made from the hard heads of yams, the large peels

and whole yams which shows signs of rotting. The processing

technique is as follows:

Yam heads, pieces and peels are sundried to a very low
moisture content below 10 per cent. They are then

pounded in a mortar and later sent to custom milling unit

(corn mill) and ground into flour.

Back in the house, the flour is put into a large calabash
and water is added to moisten it. The damped flour is
then either shaken in the'calabash until it becomes
rolled into tiny balls or the fingers are used to mixed

and work it out into tiny balls.
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— The tiny balls are then steamed in a perforated earther
pot over boiling water in anothef earthern port, the
upper steam producing pot being covered with a lid while
the interface between the perforated bottom of the upper
pot and the open top part of the lower pot is sealed with

flour mixed with water.

- When cooked, the food is poured out into a bowl, water is
added and it is then washed in such a manner as to
separate into single ball units which are then steamed in
the same way as the first steaming. The whole process
takes about 90 minutes. Before the second steaming a
check is often made of the water content in the lower pot
and if it is not enough additional water is added through
the bottom perforations of the upper pot so as to ensure

- that the water i? the lower pot does not get finished

during the second steaming procsess.

After the second stea@ming some o0il, is heated together
with onions a bit of pepper, and salt is added to taste.
This concoction is then mixed with the steamed balls to

"wasawasa' . Wasawasa is sold mostly on village market

days in the Northern and Upper Regions of Ghana.
Preservation /Storage

The bulk of yams produced in the villages and in Ghana in
general, are preserved in the raw form by storage. Various
methods and structure are uged'for the storage which vary
considerably in design and céﬁétruction in different parts

of the country..
In the drier areas of Ghana, namely the Northern and Upper

Regions and Northern Parts of Brong-Ahafo, the yams are

stored in the field and in farm compounds.

38

make



359

-3.60

In the field, an extremely simple mode of storage consists
of merely stacking the tubers in small heaps, after lifting,
on the ground under the cool shade of a huge tree and
covering with grass, sorghum or millet stalks or mats made
of the same materials.

A second covering of thorny branches and tree twigs are put
on top of the first covering to prevent predators from

getting to the stored product.

In some villages, yams are stored in the crevices, in
outcrops of rocks or between '"buttresses'” of large trees
such as the silk-cotton trees where there iz some protectior.
from the sun or flooding. Usually individual stocks would
normally contain only a few dozen tubers, so that even those
in the interior receive adequate ventilation. Yams stored
in the field in this'way are not likely to be adversely
affected by expoeure;to the climatic conditions, but are
susceptible to termite or rodent attack, and unless the site
is closely supervised theft by humans and monkeys is liable

to occur.

Yams are also, stored in pits in the villages. The pit about
0.5m deep and of suitable length is dug into a hill side or
in a well-drained spot and is lined with dry grass or straw.
Sound tubers are packed into the pit and covered with straw,
followed by 10-20 centimeters of sod and earth. To reduce
respiratory self-heating, an opening, which is stuffed with
straw, is either left in the centre of the mound or a hollow

bamboo stick is inserted in the centre of the mound.
Yams intended for home consumption are 'also stored above

ground in mounds and may contain up to 150 tubers. The

tubers may either be attached or detached from the vines.
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In the Upper West Region villages of Bulenga, Boli, Vieri,
etc. where a lot of yams are cultivated and harvested in
October/November, small thatched huts of simple mud huts are
often built near dwelling houses specially for yams. These
mud huts are usually rectangular in shape with a small
opening as entrance through which oné has to crawl to enter.
Inside these huts the tubers are stacked in heaps on the
floor. It is however preferable that the tubers are :
supported on racks to ensure adequate ventilation and to

prevent the spread of storage rot.

In some villages in the Northern Region such as Lumo, yam
tubers are stored in barns in the field. Each barn, which
is cylindrical in shape, is made of woven sobghum stalks
mats framework and the top is covered with a conically-
shaped or nearly @lat thatch while the bottom sits on the
ground; To hold %he framework erect and prevent it from
sagging, it is tied to vertical sticks with tie-vines, 10-
15cm in diameter. The barns are constructed in the farms so
as to facilitate the handling and storage of the bulk of the
harvested yam. The weave of the mats is such that there is
a lot of ventilation and this renders the inside of the barn
reiatively cool. Each barn has a disguised entrance which
is hardly distinguishable from the barn framework. The
sizes of the barns vary considerably dépending on the size
of the harvest. At times twin barns are built in such a
manner that the exterior face of one becdmes part of the
interior face of the adjoining one. In such constructions
there are savings in construction materials and labour
input. The barns are normally fenced with dry twigs to ward
of bredators such as goats and sheep but the fence is not a
deterrent to rodents which bore holes at the bottom of the
barns through which they entef to do damage to stored yams.
Different types and sizes of both ware and seed yams are

stored in the same barn. The yams are heaped on the floor
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of the barn, at times against the framework, different sizes
of the same type of yams being stored together.
Within the barn the yams are stored for 12 months or more

from one harvesting season to the next planting season.

Sprouting is a major problems in these barns and it leads to
the exhaustion of the food stored in the yam. Sprouting can
be delayed by cutting or breaking off the yam heads before
curing and storage. Tubers which are being stored for

replanting need not have their head rémoved. Planting yams

need only to be trimmed short regularly.

In the high rainfall forest zone the yams are stored in
shaded barns where they are tied to racks and poles. The
important features of the barns in the forest areas include
shade, good ventilapion, strong supports and secure walls.
Shade is given by e{ther live or dead plant material or from
iron or aluminium sheeting. Live shade is obtained by

planting posts of fast growing trees along the racks and

around the outside. In some cases shading is provided from
palm leaves and grass. The yams have good ventilation and
this improves their storage. Inside the barns there are

racks of vertical supports and vertical uprights made from
stripped palm branches, split or strong sticks, built in
lines, and the yams are tied to these uﬁrights, with tie-
vine or string. The walls of the barn are made in stockade
fashion from bamboo or wooden poles and are secure enough as
protection against goats; rats and thieves. Tight fitting
doors are also usually fitted as additional protection.
Inside some of the barns there are simple open work shelves
In one such barn in Hodzoga, Ho district, Volta Region, the
shelves are 3-tier and most of the yams are properly
arranged on the top two shelves.while the rest are heaped on
the bottom shelves. Shelving of yams requires less time and

labour than t&ing and has the advantage of facilitating
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regular inspection and the removal and disposition of

insect-infested tubers.
Cocoyam Processing and Preservation

Processing ‘

Cocoyam is peeled and cooked mixed with cassava or plantain
and eaten as "ampesi'”. It is also pounded mixed with \
cassava into "fufu" after peeling and cooking together both
types of tubers. | '

In addition to its use in ampesi and fufu, cocoyam is often
roasted in fire before peeling in the villages. Pieces of
the tubers are also roasted on locally-made éharcoal-ash—
grilled roasters along main road networks in villagesﬁ
Cocoyam, like yam, is also made into cocoyam porridge,

Mpotompoto (Twi). There is no major processing of cocoyam

for commercial purposes.

In southern ‘Ghana the most common form of spinach kontomire
or nkontomire, is cocoyam leaves. These ére eaten
especially by people in the forest =zone who may take
nkontomire stew or soup almost everyday, particularly in the
villages. The leaves are washed, brokén up and boiled for
‘at least 20 minutes or longer till soft. They are then
mashed, usually with a wooden spoon in a special eartherware
bowl which has close-set ridges on the inside. The mashed
pulp ié put back in the soup or stew and a little water
added to thin it.

!
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Preservation/Storage

There are no definite storage methods for cocoyam in the
villages. The tuber is often left in the ground and
harvested when regquired. After harvesting the crop is
stacked in piles and covered with banana leaves in a shady
place. Storage in baskets in houses is common. At times

the tubers are stored in dug-out pits.

Rots at different stages of development occur in cocoyam
kept in storage. The rots are of twdvmain types - dry rot
and wet rot. The diseased tissue in the case of dry rot is
dry, firm or caky, and in the wet rot, the diseased tissue
is soft and frequently wet. The colour of the cocoyam
tissue colour during the cause of the rot, chénges
progressively from cream white to various shades of brown or
gray, terminating ip dark brown or gray-blue. The rots are
initiated mostly f}om wounds arising from detachments from
cormels, other corme and harvest bruises.

Sprouting is also a common problem with cocoyam storage

especially when held under moist conditions.

Sweet Potato Processing and Preservation

Processing

Sweet potatoes are usually boiled unpeeled or roasted in hot
ash for food. They are also fried.

In the Upper East Region, the sweet potatoes are cut into

pieces and boiled with tomatoes, onion and meat to make a

local dish “petepete”
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Preservation/Storage

After maturing the sweet potato tuber cannot be left for
long in the ground as a way of storing like the cocoyam
because it is attacked by pests such as nematodes which
cause storage rot. The tubers are also attacked by weevils

which tunnel through harvested tubers causing rot.

Sweet potatoes which are to be used as seed, are stored by
burying them in soil after harvesting. If there is
moisture such tubers sprout. The tubers are also stored,
usually under a shady tree, in dug-out pits lined with'
thatch, which are at times watered periodically. In some
cases the pits may be left uncovered if there is no danger
of theft. Due to the periodic watering the tubers tend to
sprout a lot in storage. '

In the Navrongo grea of the Kassena-Nankani District small
quantities of sweet potatoes are stored in earthenware pots
after parboiling and sundrying. After a period of 3 months
such tubers are removed from the pot sundried and put back
into the pot. In the storage pot the sweet potatos can be
kept for 9 months till the next planting season, part of

course being used during the stprage period.
Frafra Potato Processing and Preservaﬁion

Processing , preservation/storage

The frafra potatoes are mainly grown in very small
quantities for household consumption. Part of the
hafvested produce especially the bruised ones, is boiled
and eaten and the rest stored in various ways for later

consumptiorl.
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After harvesting the small thin-skimmed tubers (the sizes
of pebbles) are sorted according to sizes and absence of
bruises, and are treated and stored in several ways. Some

are selected for food and otheré for seed.

Some of thoese selected for food which are not eaten
immediately are peeled by adding sand to them and stamping
on them. The peeled tubers are then parboiled in a pot of
water for 10-15 minutes the water is drained and the small
pieces of tuber are sundried in a sand-free ground to a
very low moisture content, the drying period depending on
the ambient conditions. After drying the tubers are stored
in earthenware pots which are tightly covered or sealed
with lids cemented with cow dung. At times the storage
pots are tied around their necks with ropes.and are hung on
tree branches. After 2-3 months those tubers which have
not been consumed: are put out to dry again in the sun and
are put back into the pots. The process, which is to
prevent spoilage, is repeated several times till the next

harvesting sgason.

Undamaged frafra potatoes are usually selected for seed.

‘These are thoroughly cleaned by removing adhering soil and

then sundried for 2-3 days. When thoroughly dry, they are
treated with wood ash which is poured on and mixed with the
tubers. The treated tubers are then put into earthern pots

which are sealed with mud.

In some cases tubers selected for seed are simply put in
earthen pots, then covered with millet stalks and hung, by
means of a rope or tie-vines, on tree branches where they

sprout and are later planted.
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In other cases, the selected tubers are stored in
specially-woven grass mats which allow ventilation so that

the potatoes do not get dessicated.

37T Frafra potatoes are also sometimes stored by mixing with
groundnut shells in earthen pots which are covered and then

hung on a tree branch.’

3.78 Tubers meant for seed, are also stored by putting them on
dry leaves which are laid on tie—vine; then rolled and tied
}

and finally hung in a forked branch of a tree and left
there till the next planting season, 8-9 months later.

3.79 The tubers are also stored in circular or redfanguar
trenches dug under shady trees, especially in the Kassenah
Nankani District Uppﬁr East Region, where they are produced
in appreciable quankities. After treating with wood ash,
the frafra potatoes are put into a trench and covered first
with small sticks and then with wet socil. A trench is
usually opened when potatoes are required and is clésed

soon after the needed quantity is withdrawn.

F. Distribution and Marketing

Cassava products

3,80 The three main cassava products, gari, agbelima and kokonte
-~ and the fourth (are by-product, peels, are distributed and
marketed througﬁ two main channels - agents or bulk
R purchasers and direct sales to customers.
The bulk of gari produced by NGO processing units is
packaged in jute fibre sacks, distributed and marketed by
the headquarters of the organization, represented in mostly
cases by their regional officeé. One of such NGO’'s is the
31st December Women’s Movwement (31 DWM) which distributes

and markets gari from their cassava processing plants
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scattered in the country. Gari from these plants are sold
to some secondary schools, other institutions and to mostly
armed forces units all over the country. Transport for
distribution is provided jointly by the 31DWM and the

particular institution concerned.

At times the 31DWM purchases gari from private producers to
supplement supplies from their plants for distribution and
marketing. There is therefore no problem with the
marketing and distribution of gari wi£h the NGO cassava

processing plants.

The other bulk purchasers of gari are individual market
mammies who contract private cassava processiﬂg units to
produce gari for them. The mammies often travel to the
units to collect tbeir bulk consignment which they
distribute mostly;on wholesale basis to their retail
customers during market days in large towns and cities.
The price paid for the gari varies widely from 25-30
dollar per maxi bag ie. 50 American "Olonka" gallon tins
during November to April when there is a plenty of fresh
foodstuff on the market to 35-40 dollars when there is
lesé food on the market and when it is even difficult to
uproot cassava because of hardness of the ground during the

dry season period.

Direct sales of gari to the public in the villages and
along main road networks are undertaken both by producers
and retailers. Such gari is often packaged in low density
polyethylene pouches about 2 mil gauge. Some producers
also bring their gari wares to sell in enamel bowls.

Most market gari retailers also sell the gari in enamel

Jbowls, exposing the gafi to environmental conditjions with

consequent reduction in its crispness.
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Bulk sales of agbelima are done either at the processing
site or at specific markets on market days. At both the
processing site and at the markets there is a standard
basket which is used as the unit of sale. Most of the
agbelima procuders undertake their own marketing and
distribution by packaging the product in polypropylene
sacks or baskets placing them in enamel bowls and conveying

them by means of vehicles to the marketing centres.

It is usual to find all agbelima sellers congregated at
about the same area in markets where they sell their wares.
This is partly for the convenience of customers and partly
to prevent the spread of flies which hover around the
agbelima from spreading to other parts of the market. In
villages where the agbelima is produced in nearby
processing units such as in Kaseh, headloading or wheel

carts are used to convey the product to the selling points.

The bulk of kokonte produced in the northern parts of
Brong—AhafS region and in the Northern region is sold to
customers from Techiman, Wa, Kumasi and Accra who travel to
the produéing villages to purchase the product. The
kokonte is normally packaged in jute fibre sacks and are
priced at 6 - 7.5 dollars during the production season
around March, and 10.0 - 12.5 dollars or higher during the
lean season around July.

A lot of kokonte is also produced and sold in the Ada area
especially on market days in Kaseh. Sometimes part of the
bulk of the kokonte sold in Kaseh market is obtained from

the Techiman market.

Cassava peels, obtainedvfrom the production of kokonte, are
dried simultaneously with the cassava chips and they are
suitably bagged for sale as livestock feed on market days

especially in Techiman and Kaseh. Apart from selling in
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bulk in jute bags by vendors, small gquantities of the dried

peels are also sold in bacskets.
Yam and Yam Productis

3.86 Yams are sold in yam producing areas in batches of one
hundred to bulk purchasers or agents from Accra, Kumasi
etc. who cart them to yam markets mostly in large towns and
cities. Where the road is good, heavy duty trucks up to
10-ton capacity are used to cart thevyams from the storage
units on the farm. Where the road is not good either
tractors are hired to go to the storage site to cart the
yams to the trucks or women are hired to convey the yams as
headloads to the trucks. In some cases the women have to
cross streams to bring the yams to the trucks at the |
opposite bank of the streams. Where there are river boats
they are used to éart the yams to the waiting trucks at the

banks.

For small-scale producers the sale of their yams is timed
to concide with village market days.

Yam ampesi, roasted yam and wasawasa are sold on regular
basis in and around market centres especially during the
harvesting season. Roasted yam are frequently sold along
the roadsides especially where people uéually congregale

for one reason or another.
Cocoyam and Cocoyam Producls

3 .87 The bulk of cocoyam distributed and marketed, whether along’
road networks or in the market, is relatively fresh and may
be only a day or two old after harvest. This is so because
the leaves which are also sold and used as spinach,
(nkontomire) need to be fresh to be purchased. Moreover,

if the tubers are harvested and the leaves are separated
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from them the leaves start yellowing which besides not
being attractive to buyérs reduces its vitamin C nutritive

value.

Bulk purchases of cocoyam tubers and leaves are made by

agents and transported to main markets in Accra and Kumasi
and distributed to retailers. Consideraboe quantities of
the fresh tuber and leaves are also sold in the villages

along main road networks.

Cocoyam ampesi are sold in restaurants while roasted
cocoyam and fried cocoyam are produced and sold in and

around markets.

Sweet Potato and Sweet Potato Products

3.88 A qonsiderable quantity of sweet potatoes is sold on market
days in large towns and in city markets. Large quantities
are also sold along such main road such as the Mankesim -
Cape Coast section of the Accra - Takoradi highway.
Fried sweet potato is sold in various centres in large

towns and in the cities.
Frafra potato

3.89 The frafra potato (or Salaga potato) is pfoduced on a small
scale primary as a backyard crop. As a cash crop the

gquantities which are sold on market days in the Northern

Region are relatively small.
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Evaluation of Locally-produced Small Scale Equipment for
Root and Tuber Crops Processing and Preservation and their
manufacture

Workshop and facilities

The survey shows that there exists a good technological
base for the manufacture of manually-operated and power-
operated equipment such as cassava screw presses, cassava
graters and other food processing equipment.

There are three main categories of manufacturers in this

regard.

The first group consists of small to medium size industrial
enterprises which have very wéll—equipped workshops where
production involves forging, foundry work, metal working,
welding, machining, heat treatment and production
assembling thus employing relatively more modern technology
in their production proceszs. Most of the eguipment used
consists of machine tools powered by electricity. Food
processing machines including cassava graters and cassava

screw presses are among their primary products.

The second group of manufactures are small—scalé artisanal
shops with a fairly sizeable range of machines and tools
such as grinders, gas and electric welding sets, electric
drills, hammers, files etc. Their activities include
sheet metal tube forming, metal cuttihg, machining and
assembling. Some of the operators in this category may have
lathes and hydraulic presses. The range of products of

this group include primarily food processing equipment of

which cassava graters and presses are same.
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The third group are mostly blacksmiths sand mechanics who
are found in the rural and urban areas. Their production
processes are based mostly on sheet-metal and tube working,
forging apd general bench-fitting activities in the form of
filing. They use méinly hand tools such as hammers,
chisels, punches or hacksaws in their operation. Table
mounted or pedestal drills are also frequently used. Other
facilities they may have include an anvil and a bench vice.
A part of this group which is in the urban areas have
access to electricity supply which they use in their
fabrication jobs while their counterparts in the rural
areas source of energy is charcoal and palm kernel shells
which they use to fire the earth hearth. Those in the
urban areas are therefore able to fabricate cassava

graters, some components of which need welding.

There is a fourfh category of manufacturers who are mostly
farmers who construct various structures for the storage of
their harvested produce. Their construction equipment
consists essentially of hand tools such as cutlasses,
pickaxes etc. which they normally use for their farming
activities. Their products include yam barns, earthen
silos, mud rooms etc. and their construction materials are
sundried mud bricks, sticks, bamboo, sorghum stalks, tie-

vine and local cordage material such as raffia.
Layout

Most of the equipment production workshops lack suitable
layout of plants. This is due mainly to lack of space and
the inability to organize production in an orderly manner.
In order to increase productivity there is the need for

good plant layout for increase operational efficiency.
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Design, Drawing and Standardization

The machines which are produced especially the cassava
graters and the cassava presses are found to serve rural
communities efficiently because the designs are suitable to
process raw material capacities in these areas. With
increase in agricultural production, especially root and
tuber crops and a consequential increase in economies of
scale, there would be the need to have machines with
increased capacities to meet 1ikel§ increase harvest

requirements.

These requirements can be achieved through the design of
high capacity machines. However, because of lack of
technical know-how the small scale manufactures, who are
skilful mechanics and craftsmen, are unable to design and
make use of dré@ings to produce high capacity machine since
their manufacturing processes are based mostly on copying
and  imitation of models from their previous apprenticeship

and/or employment. These craftsmen, who acquire their

‘skills mostly through apprenticeship to master craftsmén,

however, display a remarkable ingenuity in technology
adaptation and the substitution of local inputs for imports

for their manufacturing operations.

It is important however for these manufacturers to

be educated on the use of drawings eté, in the
manufacturing process in technical training programmes
since product design drawings are important in technology
development. Drawings facilitate the ready manufacture of
sbare par%s and the maintenance of machines, and give the
customer confidence in his own ability to maintain the

machine components.
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Due to the absence of documented drawings and designs
there is lack of standardization in the machines produced
by the small enterprises. The non-existence of
standardization makes it difficult for these small scalers
to produce interchangeable machine componets or spare parts
for their products.

~

Construction materials }

Many food processing machinery manufaeturers, including
root and tuber crops processing equipment manufacturers,
depend on scrap iron as construction materials. In the
ghort term and for small scale manufacturers, ﬁhis practice
may be unavoidable since foreign exchange coﬁstraints and
the high cost of procurement have caused intermittent
shortages ot 1ron ,and steel leading to the extensive use of
local scrap materlnls as substitutes. The major
dlsadvantage with the use of scrap material is the
production of low quality; non—-durable corrosive machinery
and equipment. The effect of using such machinery for food
processing is possible contamination of the final food
product which has a deleterious effect on consumers. In
fact it cdﬁprdmisea the hygienic state of the food product.
The dependence on scrap metal in the manufacturing process
makes it difficult for manufacturers to adhere to specific
design and this results in the production of products of
non-uniform standard which creates a problem for |
certification. The use oflcrap metal tends also to
determine the modifications necessary to existing designs
and makes repairs and maintgnance by small scale food
proéessors difficult. In some cases, components of the
equipment tend to rust after some time as evidenced in the
perforated metal sheet of the'grating rotor of cassava
graters. This is not good aesé?tically and psychologically
for a machine which is used frequently to process cassava
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.into products which are consumed more or less

directly.
Cassava Peeler

Some attempt has also been made in Ghana to develop a
mechanical peeler. This has resulted in the development of
a revolving welded mesh cylindrical cage into which the
tubers are fed. In the course of revolution which is very
slow, most of the feathery skin of the tubers is removed.
Removal of the feathery skin is however not a solution of
the cassava peeling since the feathery skin is an
insignificant portion of the peel. 7o peel the cassava

completely is to remove the thick skin of the tuber.

A mechanism consisping of a spring-loaded knife edge which
can penetrate phe‘thick skin of the cassava and clutch

assembly for engaging and disengaging the knife edge to and
from the cassava tuber while gripping and rotating it can
undertake "contour” peeling of the cassava. Such a device

when developed may be a feasible peeler.

Peeling of the cassava roots by means of chemicals have
also been tried. Lye peeling with caustic soda, 5-10%
concentration shows that with immersion times of 3-5
minutes and drain times of at least 1 minute the peel was
not removed. Higher concentration may remove the peel but
this is likely to affect the edible portion of the tuber
and consequently affect the fermentation of the cassava
mash adversely. Lye peeling also needs the development of
equipment to maintain the caustic soda at constant
concentrations and suitable temperatures and containers

into which the roots can be immersed.
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In another attempt to upgrade the peeling operation in
cassava processing freshly harvested cassava roots are
hand-trimmed to remove the top and tail and are then
chopped into 100 mm length segments. About 250-300 kg. are
weighed, washed amd fed into a revolving eccentric drum
similar to conventional concrete mixer but with abrasive
inner linings. As the drum revolves some peeling of the
roots is effected through the combined action of the
abrasive linings and the rubbing of the roots against one
another. Peeling of the roots is aséumed complete when the
outer corky layer has been removed and incompletely peeled
roots are hand-trimmed. Water is continuously pumped into

the mechanical peeler and so the peels are washed out.

One obvious handicap of this mechanical peeler is its
inability to handle effectively the irregular-shaped roots.
There is generaliy overpeeling especially if prolonged
beyond 3 minutes. Together with the hand-trimming, the
peeling loss is estimated to be more than 30-40 per cent

compared with 25 per cent loss by hand-peeling alone.

Another mechanical peeler which has been developed and
réporﬁed to be suitable for village use qbnsists of an oval
chamber with holes cut along the walls and lined with sharp
wire gauze. Cassava roots are loaded into the chamber,
which is mounted on two mild-steel rods, 35 cm in diameter,
attached at either end. The rods allow the chamber to
rotate clockwise. The left rod is connected to a 3.7 kw
electric motor by means of a V-belt pulley. Thirty balls
coated with wire gauze are added to the chamber. The
machine is mounted at a 33 angle in which position the
sharp-edged chamber and the balls carry out effective
abrasive peeling of the cassa&a roots during rotation. The
roots are cleaned as they are being peeled as the chamber

rotates through a water-filled pan mounted below it, the
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water passing through the holes into the chamber to wash

the roots.

Performance evaluation shows that this mechanical peeler is
least efficient when handling unsized roots, hand trimming
being necessary. It is also observed that the small roots
are peeled before the large ones and they even disappear
completely before the large ones are peeled. The
efficiency is improved when the samples are sorted by size.
On the whole the performance of the machine is observed to
be best for medium and large roots. The machine efficiency
is also observed to improve when the balls in the machine
are of various sizes. Because cutting and sorting of the
roots are time-consuming the machine needs to’be_carefully
adjusted to peel at maximum efficiency to offset the time

and labour’used .in manual operations.

Another cassava peeler tried elsewhere is a mechamical
stripper-crusher, which splits the cassava root vertically
into four long pieces. The disadvantage of this peeler is
that considerable loss results from an attempt to peel a
non-uniform cassava ''quarter’, since the:skin in the inner
rart cannot be reached unless certain amount of material

has been removed at the thicker portion.

The Cassava Grater

3.101 One root and tuber crops processing machine which is in use
in many parts of the country is the cassava grater. There
are two main types: the manual or hand held grater and the
prower-operated grater. Within the power-operated group ‘
variations in design, power source, transmission and
material of construction occur, especially in the

cylindrical or drum type.
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Most of the raspering rotor in both the cylindrical and
disc grater consists of a perforated metal sheet nailed to
a cylindrical or a disc - shaped wooden block. The
abrasive protrudings of the perforations have jagged ends
with metal chippings, many of which are loose especially in
newly-constructed grating surface. In the course of
grating some of the chippings are dislodged and bhecome
incorporated in the grating cassava mash. Within about 6
months of regular use the grating surface wears away to
such an extent that there is a loss in its effectiveness in
size-reduction which often necessitates its replacement

with a new one.

The perforated metal sheet is also not standardized in
terms of the aperture sizes and number of holes whosé
abrasive ends constitute the grating surface. There is
therefore neither ; correlation between the grating surface
and the fineness of the particle sizes obtained which
greatly influence the quality of the final marketable
product such as gari nor is there a correlation between the
nature of the grating surface and the rupture of the

cassava root cells to liberate starch to produce starch.

Some cylindrical graters have their grating rotor made of
a cylindrical wooden block into which is imbedded
longitudinally twelve saw-teeth blades and are therefore
able to cause better rupture of the.starch cells of the
cassava. However, the sbaggered nature of the teeth on the
blade the number of teeth on a:blade and the number of
blades imbedded in a wooden cylinder for maximum grating

effect appear to have been determined arbitrarily.
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In some of the cylindrical graters there is an adjustable
saw—-tooth blade attached to a wooden boérd at the lower
portion of the grating rotor which aids in the size-
reduction of the cassava. In a few models also the
adjusting threaded shaft attached to the wooden board is
unnecessarily long and may be shortened without any adverse

effect on the size-reduction operation.

There is a pressure application unit for pressing the root
and tuber crops against the raspering rotor when in
operation. Two designs are being produced for the '
cylindrical grater: the first one consists of a rectangular
wooden block to which is attached a leverage handle, and
moves guide rails; the second one is made of a concave dish
with a curvature similar to the curvature of the raspering
rotor surface and having a leverage handle. These leverage
presses need a cogtinous operation by one man.

The first leverage press could be replaced by a loaded
spring backed weight which would press the cassava against
the rotating grating drum until the cassava is completely
grated. The second leverage press could be improved by a

loaded spring backed weight as a counterpoise arrangement.

In all the graters, the grating should be such that it does
not wear away so easily. In the cylindrical grater, the
grating may consist of a drum composing of a number of
hardwood segments covered with aluminium shesting and
having double-edged saQ—teeth blades inserted longthwise
between each pair of segments. The two open ends of the
drum 'can be covered with a mild stecl plate with a central
hole for a steel shaft. Saw-teeth blades which become

blunt can be reversed to expose the opposite edge for use.
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Another consideration for a cylindrical grating rotor could
be a hollow steel cylinder with staggered milled surface
and with a central shaft welded to cross-bars at the ends

which may be covered.

In the case of disc graters, the grating surface could be

a steel disc with radially staggered milled surface.

Diesel—-engine powered cylindrical graters use the same Bkw
diesel engine as the plate mill (corn mill) under the same
roof, the pdwer being transmitted by means of a different
flat belt for each machine. Even graters singly installed
use similar diesel engines or oversized electric motors,
ranging from 7.5 - 11.2 kw. The size of the grating rotor
and the torque needed for a grater’s efficient operation
however requires a less powerful engine or motor and in
most cases a 5kw could be ideal as it would result in
considerable savings in initial and operating costs. A 6kw
diesel engine or motor may however be justified where a
corn mill is also installed on the same premises. Since
only when either the grater or the corn mill is to be used
that it is coupled to the engine or motor and not the two
at the same time, the use of a high rating power unit may
not be justified. In any case, the use of 7.5-11.2kw power
units could only be justified on the preﬁise that they may
not be subjected to as frequent heating as the lower rating
power supply units. ;

Reduction in the diameter ahd weight of bﬁe grating rotor

could also result in energy cost savings.

Power transmission from the diesel engine or the electric
motor is by means of flat belt and pulley in cylindrical
graters and by means of V-belt and pulley in disc graters.
In the V-belts the frictional contact between the sides of
the belt and the sheave flange of the bulley results in
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less slippage and therefore better power transmission than
obtains in the flat belts.

The merits and demerits of the choice of power transmission

for a given situation need study.

Bearings used in the construction of cassava graters are to
hold various power-transmission parts like shafts in
position. In most of the c¢ylindrical graters plain or
friction bearings in which the shaft is in direct contact
with a fixed bearing surface are used causing wearing of
the surface in course of time. In the disc graters, anti-
friction bearings, in which steel balls or rollers are
rlaced betweeﬁ the shaft and the supporting bearing, are
used causing virtually no wear on the supporting bearing
surface. In the use of both types of bearings no provision

has been made for grease niprles.

In the processing of cassava a lot of water is used.
Bearings used in the construction of graters therefore need
to be totally enclosed to protect them from splashes of
water and they should have grease nipples for lubrication
to ensure long, trouble-free service and to prevent

possible breakages especially in anti-friction bearings.

The proper bearings to use need to be determined by the
amount of wear, the speed at which the shaft is to turn,

the load it must carry and the amount of end thrust.

Various materials such as iron, mild steel, aluminium and
wood are used in the construction of the components parts
of cassava graters. Some of the materials are however not

particularly suitable for Certéin parts.
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Cassava tubers usually contain small amounts of hydrogen
cyanide which although disappears in the course of
processing imparts a bluish tint to grated mass in the
presence of iron. Iron is therefore not a suitable
material for components of the gréter which come into
contact with the cassava mash.

Iron is however good for the framework of the grater such
as the stand. Mild steel can be used for the hopper.
Where the hopper is made of wood, the inside coula be lined
with aluminium sheeting. Wooden grating cylinder or drum
could also be covered with aluminium sheeting before the
perforated metal sheet is clasped around it. Lining or
covering wooden components of the grater with aluminium
sheeting facilitates the thorough washing of the components
and in the case of the wooden cylinder it also prevents
juice from grated @aterial seeping into the surface to
cause wood rot and generate microbial growth which is
likely to contaminate subsequent cassava mash. Aluminium
sheeting may be used for the chute and steel used for the
construction of the cylindrical and disc grating components
since the galvanized sheet in use now gets rusted after

some time.

Some of the cylindrical graters, especially those in the

Kaseh market area, are virtually permanehtly installed on
concrete stand-cum-trough which serve as receptable for the
cassava mash gnd from which the mash is scooped into enamel
bowls. In course of time the concrete trough surface wears
away through the scooring process and any materials

so removed are likely to be incorporated into the cassava

mash scooped.

Most other graters however have been provided with stands

of angle-iron framework and are therefore movable.
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Dewatering press

Various type of cassava mash dewatering presses have been
fabricated locally. One of such presses, the parallel
board press, consists of parallel boards held apart by two
threaded rods with butterfly nuts, in between which (the
boards) polypropylene sacks are pressed by screwing.
Another press consists of a cage in which the-pressing
force is generated by a lever and friction ratchet system.
Various types of steel frame presses available consists of
a wooden cage or basket in which theibressing of the sack
loaded with the cassava mash is done. The cage is usually
placed in a shallow rectangular or circular metal basin

with a chute ,for the passage of the milky liquor.

Another press consists of a steel framework in which a
screw spindle welded to a rectangular or circular metal
plate is turned ta rress a polypropylene sack loaded with
cassava mash placed in a rectangular or circular metal
cage below. The cage, which is welded to angle-iron stand,
has a chute for the discharge of the cassava liquor. A
modified version of this press has the screw spindle with
the attaching metal plate operating within a steel frame
houéing to press the loaded polypropylene sack. Pressure
is applied until about 30 per cent of the mash is pressed
out as exudate. The partially dewatered mass is either
left in the press to ferment or is removed and put into
suitable containers to ferment. The press has a capacity of
32 kg of grated cassava per charge per hour. Unlike the
parallel board press, this press and others which have
chutes at the base facilitate the collection of the
cassava mash exudate for further processing into starch,
tapidca and glucose syrup. Additionally,these presses help
to maintain the anaerobic conditions desirable for any
subsequent fermentation process such as in agbelima and

gari making.
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{
An hydraulic press is also being locally produced but its

acceptance is very limited due probably to its high cost.
Gari roaster

Traditional gari roasting equipment which causes a great

deal of discomfort to women processors has been discussed

in earlier chapters under gari production technology.

An upgraded roasting unit which reduces the discomfort and

‘improves on the energy consumption per unit output of gari

has been produced but it is in limited use. This unit
consists of a hearth of cement blocks laid out in a
rectangular fashion with the top and front ends open. A
chimney with cowl attached to the closqd rear end allows
smoke from the fireplace to exhaust. A shallow roasting
cast—-iron pan is pfaced on top of the blocks. The
enclosure mapped out by the pan and the blocks serves as a
fireplace for fuelwood. Some of the roastihg units are too
large and cause uneven distribution of heat and difficulty

in stirring.

A mechanical gari roaster has also being produced but so
far its use has been very limited. This roaster consists
of a lower horizontal half-cylinder (cut'longitinally)
topped with an upper rectangular éection. The lower half
cylinder and one-half of the upper rectangular section are
made of stainlesé steel. The steel portion is heated by a
suitable fire place below the bottom which is 120cm

long and 70cm in diameter. The uppermost rectangular
section which is made of wood and is 25cm deep is not
subjected to direct heating from the fireplace. A
longitudinal stirrer made of four metal bars welded on to
a pair of spoked wheels at the end of the bars which is

within the steel portion of the roaster and is attached to
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a longitudinal shaft which is driven through a set of
pulleys by a diesel engine. The roaster has a sturdy angle
iron support. The use of the roaster has not been promoted
because initial trials have not been too satisfactory

due to likely flaws in its design.

To improve the efficiency of this mechanical roaster, the
paddles of the stirrer could be made of wood and be spring-
loaded to enable them tranverse the curvature of the
horizontal half-cylinder sweeping the roasting material in
suitable residence time dictated by the rpm of the stirrer.
The rpm which should be very low about 20, could be '
obtained by means of reduction gears from a 1400rpm of a
7.5 - 11.2kw electric motor or diesel engine. The half-
cylinder could be accommodated in a clay housing insulation
to conserve heat needed for the roasting operation and be
served by a gas sféve made of perforated metal tubing. The-
whole set—-up should be inclined at a small angle to a
conveyor or a bag filling container into which the gari can
fall. Pilot scale model s of the suggested equipment would

need tests to assure its performance.

The roasting operation in gari production involves two
prhases: a mass transfer phase and a heat transfer phase.
Gelatinization of the gari occurs during the mass transfer
rhacse, whilgt complete dehydration is achieved during the
heat transfer phase. The purpose of the roasting operation
is essentially to achieve & mass transfér resulting in
gelatinization and a granular structure of the gari and
therefore temperature at this phase is low. The
temperature is however high in the drying stage.
Development of mechanical roasting equipment should
therefore consider how the two phases of mass and heat
transfers can be incorporated in a machine to achieve the

desired results.
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Various types of roasting equipment consisting of two
smokeless stoves on which cast-iron pans are mounted are
also in production. Heat energy for these stoves are
provided from a common fire place served with fuelwood.
Construction materials for the stoves are burnt clay
bricks. In some instances the roasting pans are too large
for even heat distribution throughout the length and
breadth of the equipment, and this results in inefficient

roasting performance.
Spare parts and repairs

Of the many coémponents of the cassava grater one which has
a very short useful life is the perforated metal sheet
which constitutes the grating surface. Spafes for the
replacement of this,component are made from scrap metal by
a number of small écale roadside cassava grater
manufacturers mostly in Nsawam, Eastern Region.
Distribution and marketing of the spare parts dﬂahowever

limited to the manufacturers” workshops.

Many manufacturers also undertalke the repairs of the
complete assembly of the grating rotor, namely the

perforated metal sheet and the wooden cylindrical hlock on

Y which it is nailed the shaft and the block bearings.

Managerial Skill

Most of the operators in the small scale cassava processing
equipment manufacturing enterprise have limited managerial
capabilities, which are not matched with their rather high
enterpreneurial initiatives. These entrepreneurs have very
little formal eduéation, at beét they may have basic

education. As operators, Lthey might have got their ideas

or skills from their previous employment and trade where
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they were either employees of enterprises producing the
product or they were themselves distributors of the
product. In many cases the managerial problem has limited
their scope of operations. In certain situations
managerial incompetence has led to operational

inefficiencies resulting in poor performance.
Capital

Most of the operators in the food pfocessing machinery
sector started their enterprises with their own capital and
assistance from relatives and friends. An additional
source of finance is the "GUSU" (Credit Union) where

members are granted loans to finance their business.

The "SUSU" system oﬁ.saving has two versions:rotating
savings through "SUSU" c¢lubzs and individual "SUS0"
collectors who operate a deposilt facility for any number of
people. The typical susu club consists of members who
agree to malke regular contributions to a fund which is

given in whole or in part, to each contributor in rotation.

The individual collector (usually a male) visits shops,
workplaces, market stalls and homes (usually on bicycle) at
agreed times each day and collects a specific amount
determined by the saver in consultation with the collector.
After an agreed period of time - usually on the last day of
each month - the deposits are returned, less a day’s

deposit as commission.

Most of the businesses in the sector are not formally
registered as statutory entities and theretfore do not pay
taxes. Their operators are theretore afraid to approach
financial institutions for loans. The sector on the whole,

has however been starved of institutional credit. The
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demand for physical collateral and high interest rates of
up to 30 per cent, which operators cannot meet, have made

it difficult for them to have access to credit.

Markeling

The manufacturers of food processing equipment produce
largely for the domestic market, although a few have
ventured into exporting some of their products to
neighbouring countries. Where these manufacturers produce
on order marketing has nol been a constraint. But
generally, marketing of these products ha; “"been a problem

due mainly to their lack of marketing techniques.

Barns

The design and construction of yam storage barns vary
widely in the country and there is theretore the need to
standardize them, in terms not only of construction
materials but also in terms of sizes and capacities. This
would allow the determination of bill of materials and

their specifications for the different capacities.
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H..4, Assessment of the Suitability of Improved
Cassava Varieties to Local Processing Methods.

3.122 A varietal release sub-committee of the National Committee
on Root and Tuber Crops Development in Ghana (NCRTCDG) has
assessed four improved varieties of cassava which were
introduced in Ghana in 1988, namely TMS 30572 (GC88-07),
TMS 50395 (GC 88-05), TMS 4(2)1425 (GC88-03), and
TMS 91934 (GC88-02). The criteria used for the assessement
are in Appendix...? .....

3.123 The main findings and conclusions of the assessment are:

1. TMS 30572 (GC88-07)

This variety originally from IITA was introduced to Ghana
in 1988 under a new code name GC88-07. The easily identi-
fiable morphological characteristics are:

’
Light green petiole, brownish grey mature stem and light
brown outer-skin of root with creamy inner skin.

It fits into our farming systems because it can be grown
as a sole crop or intercropped with most of the local
field crops and can also be grown in both major and minor

seasons. It dis highly tolerant to major pests and
diseases and is also suitable for making gari, agbelima,
and kokonte but not good for fufu or ampesi. Yield and

HCN contents are tabulated as follows:

(a) Average Yield (tons/ha)

- On station fresh roots.... 30.0 (5-7 locations for 3 yrs)
- On station dry roots .... 9.0 (Dry matter (DM) % = 30)
- On farm fresh roots eee. 27.5 (Av. over 30-50 farms

in 5 main agroecolo-
gical zones for 2 yrs.)

On farm dry roots «... 8.25

(b) HCN Content (mg/100g)

Unpeeled fresh root sime 13.00 - 25.5
Peeled fresh root 15.25
Ampesi 3.24
Fufu N.D
Kokonte 8.20
Agbelima 2:72
Gari 1.05 - 5.20
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2y TMS 50395 (GC 88 - 05)

Also introduced to Ghana from IITA and coded GC/88 - 05.
Major identifiable morphorlogical characteristics are: Light
green petiole colour with purplish tip, brownish arey matured
stem, dark brown outer skin colour of roots and cream inner skin
colour.

This variety is suitable for intercropping with most of the
local field crops grown in Ghana. It can also be grown as sole
crop. It can be planted in both major and minor seasons. It has
medium to high tolerance to major pests and diseases.

' [t is suitable for the preparation of Gari,
Agbelima and Kokonte but not for fufu and ampesi.

Yield and HCN content afe tabulated below

(a) Yield (tons/ha)

On station fresh roots ........ 38.80 (5-7 locations for 3 years)
ON station dry roots  ....... 10.55 (Dry matter (DM) % = 27.2)
On farm fresh roots & ...... 32.6 (Av. over 30-50 farms in 5

agroecological zones).

On farm dry roots  ..... 8.87

(b) HCN Content (mg/100qg)

Unpeeled fresh root i 19.75 - 23.78
Peeled fresh roots 18.75

Ampesi 6.64

Fufu 4.16
Agbelima 2.08

Kokonte 4.24

Gari 0.52 - 2.01
3. TMS 4(2)1425 (GC 88 - 03)

Also originally from IITA and introduced to Ghana in 1988
under the code name GC 88 - 03. This variety can be identified
by the following morphological characteristics: It has yellow
petiole with pinkish tint, brownish white matured stem, brownish
white outer skin of root and cream inner skin colour of the root.

This variety may be drown sole or intercropped in both the
major and minor seasons. It is moderately tolerant to the
African Cassava Mosaic Virus Disease (ACMVD) and highly tolerant
to other major cassava diseases and pests. This variety has very
high consummer preference due to its suitability for

?
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the preparation of all the important food items, Ampesi, Fufu,
Gari, Agbelima and Kokonte.

Yield and HCN content are tabulated below.

(a) Yield (tons/ha)

On station fresh roots e 31.2 (Av. over 5 - 7 locations

in 3 years)
On station dry roots s s % 8 9.48 (Dry matter (DM) % 30.4
On farm fresh roots e 26.00 (Av. over 30 - 50 farms

in 5 main agroecological zones
for 2 years.

On farm dry roots e 7.90

(b) HCN content (mg/100g)

Unpeeled fresh root ... .. 8.35 - 2490
Peeled fresh root .. ... 17.50
Ampesi .. 4.64
Fufu ¥ aasws 2.10
Agbelima ... 3.84
Kokonte ... 3.52
Gari ... 0.42 - 2.28

TMS 91934 (GC 88 - 02)

Originally introduce from IITA in 1988 and given the code
name GC 88 - 02 this variety is identified by its yellow petioles
and light brown matured stem. The outer skin colour of the roots
is dark brown while the inner skin is cream in colour.

Due to its architectural form and bunchy roots TMS 91934 is
well suited for intercropping and mechanical harvesting. It can
successfully grow in both major and minor seasons as sole or in
mixtures with other field crops. Apart from ACMVD to which this
variety can be highly susceptible it 1is moderately to highly
tolerant to other major pests and diseases. The roots are
suitable for processing into gari, agbelima, and kokonte but not
for preparing fufu or ampesi.

Below are data on root yield and HCN content

(a) Yield (tons/ha)

On station fresh roots  ..... 28.0 (Av. of 5 - 7 locations
for 3 years.

On station dry roots . .... 7.28 (Dry matter (DM) %) 26.0

On farm fresh roots ... .. 20.00 (Av. over 30 - 50 farms
in 5 main agroecological
zones)

On farm dry roots .. ... 5.20




(b) HCN content (mg/100g)

Unpeeled fresh root

15.4 - 24.8

Peeled fresh root . .... 23.25
Ampesi ... 6.48
Fufu ... 2.96
Kokonte ... 8.16
Agbelima ... 2.16
Gari L. 2.10
5. Ankra (Local Variety used as control)
Important’ morphological characteristics used for

identification are:

Pink petiole, matured stem colour is brown outer skin of roots
and pink inner skin colour.

It is adapted to all ecological zones of Ghana and grown in both
major and minor seasons as sole or intercrop. It has 1low
tolerance to ACMVD. This variety is an all purpose cassava
suitable for preparation of all major food forms prepared from
cassava.

Yield and HCN content are as below
(a) Yield (tons/ha)

On station fresh roots i ek 16.03 (Av. of 5 - 7 locations for
3 years.)

On station dry roots o S 5.84 (Dry matter (DM) %) 36.5
On farm fresh roots i % 17.0
On farm dry roots e 6.21

(b) HCN content (mg/100g)

Unpeeled fresh root . .... 4.55 - 23.9
Peeled fresh root  ..... 7.0

Ampesi ... 1.1 - 2.8
Futa = Lssas 2.08
Kokonte ... 2.81
Agbelima .. 3.21

Gari L. 0.53 - 1.04

6. Field Trip

One field trip was made by the members of the sub-committee
to verify some of the data presented by the researchers. At the
field life plants were observed, morphological characteristics
of the varieties were noted. Harvested roots were observed and
cooked roots tasted. These invariably confirmed data presented.
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.01

.02

IY. RECOMMENDATIONS

Funding

Root and tuber crops provide the bulk of Ghana basic
staple food requirements yet they receive insignificant
funds for production and research. To be able to continue
to maintain their traditional role and enhance their
assistance in national food security the government through
the Ministry of Food and Agriculture (MOFA) should allocate
adequate funds to rehabilitate, upgrade and develop the
root and tuber processing and preservation subsector of the
agricultural sector of the economy. For this some form of
external funding assistance to the Government of Ghana
(GOG) should be considered.

Cassava Processing and Preservation

P

- Register of processors

A compendium of cassava processing units should be
compiled by extension and post-harvest development officers
of MOFA in collaboration with the staff of District
Assemblies, To facilitate such compilation, the District
Assemblies in co-operation with MOFA should encourage the
formation of a National Cassava Processors Association.
Such an association would facilitate éonsiderably the
provision of financial and technical assistance to its
members and would assist in generating income through tolls

or taxation for the District Assemblies.
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4.03

4.04

Storage and availability
.

<
t

Wifhin the framework of Ghana's Medium Term Agricultural
Development Programme MTADP and the envisaged increase in
agricultural production overall, storage techniques for
extending the keepability of cassava roots to make them
available at remunerative prices all year round should be
vigorously promoted in village communities. Such promotion
exercise would make the cassava roots readily available to
processing plants and would help increase processing
plants capacity utilization efficiency.

The promotion exercise should be initiated by the SRDP in
collaboration with MOFA and the National Agricultural
Research Programme (NARP) and should involve the Post-
HarVestgggfgwg?tthe Crops Services Department, the
Extension Services Department both of MOFA, the Food
Research Institute (FRI) and the Crops Research Institute
(CRI) both of thg,Council for Scientific and Industrial
Research (CSIR).

A proposed methodology for this cassava storage technology

transfer is in "Annex 8.
Water supply

Potable water is a vital requirement in cassava processing
and therefore every effort should be made by SRDP through
MOFA and in co-operation with Ghana Water and Sewerage
Corporation (GWSC) and the Water Resources Research
Institute (WRRI) of the CSIR to provide boreholes in
suitable locations for use by cassava processors within a

given geographical area.
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4.05

For such undertaking some form of external funding
assistance to GOG could be sought.

In cassava processing units where river water is used for
processing, MOFA extension staff and/or GWSC should be
equipped to monitor on regular basis the bacteriological

quality and potability of such waters.

Power supply, unit

Although the initial cost of diesel engine as the prime
motive power for cassava processing machines is high the
operating cost may be low and it does not depend on

external source to generate power.

In the village communities the use of diesel engine 4 - 6kw
rating for operating cassava processing plants is

recommended. o

Gari production technology
- Peeling

Peeling of cassava roots constitutes a bottleneck operation
in the processing of cassava into gari and other products.
Mechanical methods of peeling so far tried give low peel

removal and require extensive manual trimming.

The design and development of a cassava peeler would
facilitate small scale processing of the roots and help
upgrade cassava processing overall and relieve rural women

processors of a tedious job.
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Institutions such as the Food Research Institute (FRI), the
Industrial Research Institute (IRI) both of the Council for
Scientific and Industrial Research (CSIR), the Agricultural
Engineering Department and the Mechanical Engineering
Departments both of the UST and the Mechanical Engineering
Departments of the Polytechnics should be encouraged by

SDRP to design and develop a cassava peeler.
- Washing

4.07 In cassava processing units, especially where gari is
processed suitable washing troughs méde of cement blocks
and lined, both inside and outside, with white wall tiles
should be constructed by the cassava processing plant
funding institutions for the washing of peeled cassava
roots, processing utensils and sacks used in the dewatering
and fermenting operation. The troughs should have water

drain outlet to lgt out wash water.
- Grating

4.08 The Smallholder Rehabilitation and Development Programme
(SRDP) should promote the use of power-operated cassava

graters in village communities where cassava is processed

into gari especially in the Northern Region. This should

be done through SRDP financial credit scheme.
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.10

.11

Dewatering

The design of equipment used in the dewatering operation
should be standardized and their capacities increased so
that they can be synchronized with the capacities of other
machines in the process of gari manufacture. This
assignment should be undertaken by the manufacturers
themselves and in collaboration with FRI, IRI and the
Agricultural Engineering Department (AED) of UST.

Fermentation

The fermentation of cassava in the pfoduction of gari and-
agbelima needs to be shortened by seeding freshly grated
mash with a standardized innoculum made from either
fermented cassava juice or fermented and dried cassava

pieces.

The FRI and the Department of Nutrition and Food Science
(DNFS) of the UniQérsity of Ghana (UG) should be asked to
investigate the preparation of the different types of
innocula and to standardize their methodé of preparation.
With this done, SRDP in collaboration with government and
non-governmental agencies, should then encourage and
promote the use of these standardized starter cultures in

cassava fermentation.
Sifting

The bamboo sieve used in the sifting operation has proved
its worth. For durability and ease of cleaning and
sanitizing after use, an aluminium sieve with the same
aperture size could be introduced gradually alongside the

bamboo one by SRDP and other agencies.
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- Roasting

4.12

4.13

4.14

4. 15

In order to reduce the excessive woodfuel waste and high
energy consumption and the undue human discomfort and
sickness arising from the roasting operation in gari
production the SRDP should promote the use of woodfuel
smokeless stoves in collaboration with the Department of
Rural Housing and Cottage Industries (DRHCI).

In order to reduce the excessive reliance on woodfuel for

roasting with its attendant environmental degradation, the

SRDP should encourage and promote thé use of biogas and

Liquified Petroleum Gas (LPG) with its accompanying stoves,

in the cassava processing industry. The promotion exercise

should be done in collaboration with the Ministry of Energy

(MOE), the Ghana National Petroleum Corporation (GNPC) and

the 31st December Womens' Movement (31 DWM).

The SRDP should in collaboration with the 31 DWM, the FRI
and MOE introduce and promote the use of improved roasting
stoves with chimneys and which use woodfuel, biogas and LPG

to village cassava processors.
Packaging

In the wvillages gari 1is bulk packéged, stored and
distributed in Jjute fibre sacks or poiypropylene sacks.
For retailing gari is displayed and sold in open-top enamel
and aluminium basins at market places or are packaged in
low density unlabelled polyethylene pouches.

It is recommended that for bulk packaging the jute sacks
should be lined with medium density polyethylene film if
possible, to prevent possible wetting during distribution
and marketing and the pick-up of odour from the jute sack

when in storage.
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4.16

For retailing, the gauge of the polythylene film used for
packaging should be at least 5 mil. to prevent bursting.
For retéiling in supermarkets, the gari should also be
packaged 5 mil. gauge polyethylene pouches with proper
labels which give information on description of the article,
the weight, trade mark or name of manufacturer, instructions

for uses and dates of manufacture and expiration.

The Food Research Institute (FRI), and National Commission
on Women and Development (NCWD) and the Ghana Export
Promotion Council (GEPC) apart from prbducers should be
requested to design and promote proper packaging in gari
distribution and marketing.

Agbelima Production Technology

Studies should be conducted into agbelima production
especially with regard to fermentation, storage and sale
since it is known that foods prepared from some agbelima
have resulted in food poisoning of consumers, The FRI and
the Department of Nutrition and Food Science (DNFS)
University of Ghana should be requested by SRDP to

undertake such studies. These studies could bg done

jointly with the gari fermentation study in 4“16.‘

The SRDP in collaboration with the NCWD, and District
Assemblies (DA) should mount a campaign to educate
processors and dealers in agbelima on the need to maintain
sanitation and hygiene in the production handling and sale
of the product. Audiovisual aids depicting more suitable
and alternative ways of handling and distribution of

agbelima should be produced and used in the campaign.
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.20

Kokonte Production Technology

The SRDP in collabroation with MOFA should map out a
strategy for the fumigation of stored kokonte with suitable
chemicals after 4-5 months storage in the barn or room to
reduce and/or prevent insect infestation. Toxicity levels
of the chemical treatment should be such as to prevent food
poisoning.The fumigation exercise should be organised in
large scale kokonte producing villages in the northern
parts of Brong-Ahafo and Northern Regions with the active-
participation of surrounding small-scale kokonte producing

villages.

Alternatively the SRDP could commission a very short term
study of 1-2 person - months duration into the infestation
and damage caused by pests to kokonte in storage and make

recommendations on suitable methods of control.

on the basis of the study, SRDP in collaboration with MOFA
should organize demonstration and training exercises in the
prevention of pests of kokonte in storage. The exercises
should be carried out mostly in large-scale kokonte
producing villages in the northern parts of Brong-Ahafo and
Northern Regions with the active participation of

éurrounding small-scale kokonte producing villages.

The improved crib for drying and storing maize should be
introduced and promoted for kokonte storage. The Post-

Harvest Development (PHDU) of the Crop Services Department
(CcsSD) and the Extension Service Department (ESD) both of
MOFA have jointly initiated modest introduction exercises
in this direction in very few villages in the Northern

Region. The Small holder Rehabilitation and Development

Programme (SRDP) should encourage these efforts and assist
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4.23

in the introduction and promotion of the improved kokonte
storage technique on a much wider scale and coverage. To
help the SRDP in this regard two methods for building the

improved crib are attached for easy reference as Annex 9.

The Smallholder Rehabilitation and Development Programme
(SRDP) should initiate concrete action to improve the
traditional cylindrical round barn for kokonte storage.
The improvement exercise should involve the raising of the
base of the barn one metre above ground to prevent wetting
from ground moisture and theft from sheep and goats, using
rat guards on the legs to prevent rodent attack and using
additional strong sticks to strengthen the framework and
the base. Demonstration of the construction of the
improved barn should be done initially at few selected
villages with full participation of some inhabitants of
nearby villages. , For this work SRDP should enlist the
collaboration of‘fHU and ESD of MOFA.

Alternatively the SRDP could commission é very short-term
study of 1-2 person months duration, into the quantity and
strength of materials of construction, the loading
capacities, the sizes etc. of the various kokonte storage
barns and rooms and the elevated drying platforms
especially in the northern parts of Brong Ahafo and
Northern Regions and make recommendations for their
improvement.

Capacity utilization
There is generally low capacity utilization in most
cassava processing units especially the NGO-funded

institution owned ones.

To increase the level of capacity utilization, the plants
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should be sited in locations which will enhance and

facilitate customer participation.

In high-potential cassava growing areas NGO-funded plants
should not be -sited too close to one another; one plant
should be sited at least 6-8km from the next plant so as
to allow each plant to attract the greatest number of
customers.

Non-governmental organization (NGO) funded institution-
owned cassava processing plants should establish cassava
farms to supplement their raw materials requirements for
gari production so as to raise their capacity utilization

levels.

Processing procedures for gari especially in NGO-funded

plants are quite slack resulting in time wastage. It is
recommended that gari production procedure regimes, with
working periods of.<10 hour-day, 6 day-week, be established
by each NGO-funded cassava processing plant which should

be properly supervised for increased productivity.
Mobile cassava grating units

In order to generate more income and also assist in village
processimyandsubsequentruralindustrialization,District\
Assemblies (DA) in high potential cassava growing areas,
should establish and operate mobile cassava processing
units to undertake cassava grating and dewatering services
on custom hiring basis in remote villages within their

areas of jurisdiction.

A processing unit should consist of either a grater with
a self-starting motor as the motive power unit or/a grater
operated from the power-take-off (p.t.o.) of a tractor on

which it should be mounted plus a screw press.
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For mounting and transporting the grater and press in rural
areas the high clearance wide wheelbase Tinkabi tractor
manufactured in Swaziland is recommended.

The particulars of the Tinkabi tractors are given in
Annex [O,

The mobile service units could be operated in co-operation

with NGOs or private individuals or institutions.

Cassava Drying Units

4.29 'Drying units for producing cassava chiés for export should
be set up on co-operative basis in selected high potential
cassava drowing villages. Each unit should have a
diesel-powered mobile high pressure fan or blower for
blowing hot air through the raw cassava chips loaded in
a rectangular bin to dry the chips similar to the

equipment in Annex {4

SRDP should collaborate with the FRI, PHDU of MOFA,
District Assemblies and the Export Promotion Council in

’
these ventures.

4.30 In villages where large quantities of kokonte are produced
by sun drying during the harmattan season, the drying
units should be used as supplementary dryers to accelerate
'drying and reduce or prevent fermentation of the cassava
chips in order to enhance their export marketable quality.

431 1In villages where large quantities of kokonte are produced
but which are not likely to benefit from the drying units
the producers should be taught and encouraged to produce
good quality cassava chips for export by size - reducing
the cassava pieces dried for kokonte to accelerate drying

and by drying the pieces on raised platforms made of
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sticks and sorghum stalks on patio made of concrete floors
and in solar dryers made up of sawn timber, bamboo or

sticks and covered with plastic sheet.

Cassava Starch

432 There is no cassava starch manufacturing industry in Ghana
and therefdre 1500 tons of starch are imported annually
for use by several industries. Starch is used for the
manufacture of glucose and dextrose. Dextrose is used in
food industries and in the textile, printing, laundry, and

paper industries.

In order to reduce or eliminate starch imports, create
enmployment opportunities, catalyse increased cassava
production and service the aforementioned industries
operating in Ghana, a starch manufacturing industry should
be established inra strategically suitable area served by
very large hectares of high-yielding cassava farms,

abundant water supply and electricity.

The SRDP in consultation with MOFA and the Ministry of
Trade and Industry (MOTI) should initiate action in this
direction.

The technology for the cassava starch manufacture which
is fairly simple and can be developed in Ghana is in
Annex 12

The SRDP should on its own encourage cassava processing
‘plants to also produce starch on commercial basis. The
technology which is very simple involves grating the
peeled cassava, squeezing out the starch granules which
are allowed to settle in water, decanting the water and
sun drying the starch.
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4.36

Tapioca

The SRDP should also encourage the production of tapioca
from starch by some of the village level starch producing

cassava processing plants.
Fufu flours

The SRDP in collaboration with FRI and other institutions
should encourage and promote the production of instant
flours from cassava and other root and tuber crops for

making fufu.
By-products utilization

Apart from sundrying of the peels for animal feed, the
fresh cassava peels can be used as a substrate for the
cultivation of mushrooms. In collaboration with FRI, SRDP
should introduce the use of fresh cassava peels in
producing mushrooms as a high vegetable protein source and

supplement in the diets of rural communities.

A lot of milky juice is produced as a by-product in the
dewatering operation in cassava processing and this is

usually allowed to go waste. It is recommended that this
milky juice is collected, and decanted to obtain starch.
With the assistance of the FRI, this sfarch could be

modified to make glucose.

In the manufacture of gari in the villagestagglomerates of X
large particles of partially gelatinized gari are produced

as by-product. It is recommended that this by-product
should be sun dried and sold as feed for livestock to

generate additional income for gari producers.
’ :
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4.39

Human resource development

Training in cassava processing and preservation for
village level cassava products' manufacturers with a view
to improving upon their operations and the quality of
their products should be initiated by SRDP and organized
by the FRI.

Two types of training courses should be organized. The
first course should be for the training of trainers from
all cassava producing regions and should be held at the
FRI Cassava Processing Demonstration Unit, Pokuasi, the
second course should be mounted at strategic village level
cassava prosessing/preservation units locations in the
regions using the trainers in the first course as resource

persons to train a greater number of people.

In collaboration with the National Board for Small Scale
Industries (NBSSI) and other institutions SRDP should
initiate action in‘ the training of village-level cassava

processors in entrepreneurship development.

Demonstration units

’
In order to conduct and sustain regular training of
cassava processors in processing and managerial
techniques, and to train a greater number of people at
reduced costs, each cassava growing region should

establish a cassava processing and preservation

‘demonstration and personnel training centre. The centre

should have improved machinery for demonstration and
training and should involve scientific and
technical personnel as resource persons during training

sessions.
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Where such a centre cannot be established due to financial
constraints, then an existing processing unit could be

designated as a training centre for the region. Such a
centre should be strengthened with improved machinery and

qualified personnel as resource persons.

Yam Processing and Preservation

Curing

It is recommended that yams meant for storage after
harvesting should be cured before sEorage so that the
skins can be toughened and wounds inflicted on the tubers
during harvesting and subsequent transportation and

handling can be healed.

Curing should be carried out by stacking the tubers in
lightly shaded area, covering with dry grass or mat and
finally coveriné with canvas tarpaulin which should not
touch the tubers. This results in the tubers being
maintained at high temperature between 32-40°C .and high
humidities of 70-95% through self-generation of heat and
moisture. The stack should be kept for 4-7 days.

General principles in yam storage

There are many types of traditional yam storage structure-
but the type required for an area depends on the

environment. The following general principles should

'therefore be observed.

When building the structure;
- there should be adequate shade to prevent dessication.
- there should be good ventilation to improve storage and

therefore the structure should be in a good position
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4.44

facing windward side to allow air to circulate freely;

- security against pest and predators should be provided;

Before the yams are put into storage the following

principles should be followed:

- sanitation of the storage needs to be undertaken;

- sound tubers ie. wound-free, rot-free, and sprout-free
should be selected.

During the period of storage there should be:

- regular inspection to remove rotting and insect-infested
tubers;

- rapid disposal of spoiling tubers;

- continued sanitation.

Technical study on the traditional yam barn or crib

The traditional barn or the crib used in the storage of
yams. » .

GE;;; considerably in details of design and construction
and there is very little known about the optimum
"temperature and " relative humidity of the barn or crib
for obtaining optimum storage life. It is therefore
recommended that technical studies into these areas be
carried out with a view to developing an improved barn or.
crib. The MOFA should task the FRI,the CRI and the
proposed Root and Tuber Crops Development Board (RTCDB)
with the these studies.

Improved storage crib
The improved crib used for the storage of maize should be
modified for the storage of yams. The modification should
entail 1increasing the opening area of the walls for
increased ventilation and facilitation of loading and

arrangement of the tubers in the «c¢rib. Details of
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construction of the improved storage maize crib is in Annex
9. with a modified version for potatoes in drawing No.10 of
Annex 9.

The modified improved storage crib should be constructed at
some high potential yam growing villages for demonstration
and training in construction purposes.The PHDU and the ESD
of MOFA and the FRI and CRI of the CSIR should be involved

in the modification and extension exercises.

Transportation of yams
Considerable damage is caused to yams during transportation
from producing/purchasing centres to harketing centres.To
reduce or prevent such damage,layers of yams should be
separated from each other with dry grass or any other
cushioning material.The ESD and the PHDU of MOFA should be

tasked with the demonstration of such cushioning techniques -

Yam fufu flour .-
The SRDP in collaboration with FRI and other institutions
should encourage and promote the production of instant
(pre-gelatinized) flours from yam and other root and tuber

crops for making fufu. (Vide 4..34 also)

Yam processing factory
The SRDP,MOFA MOTI and the Northern Regional Administration
acting in contert should initiate plans to establish a yam
processing factory in either Salaga,Yéndi,Bimbilla or
Tamale 1in collaboration with the respective District
Administrations. The technology in yam processing is simple
and is shown in a flow diagram for the production of pre-

gelatinized (instant) yam flour/flakes in Annex | 3
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Wasawasa production improvement

4.48 The technique used in the production of wasawasa should be

improved and standardized so that it can be produced and

marketed in a more hygienic and acceptable way. The Home
Science Department of the University of Ghana (UG) and the
Women In Agricultural Development (WIAD) ,ESD of MOFA should

be tasked with such improvement assignment.

Processing plant establishment

Many gari producers are found in some villages on the
Buipe-Damongo Road and in Damongo District and its
environs in the Northern Region. SRDP should through its
credit scheme, establish at least three cassava processing
plants in these areas. ?pe‘estimated cost of each such

plant is given in Annex |4

Root and Tuber Crops Development Board
The Government of Ghana (GOG) through the Ministry of Food
and Agriculture (MOFA) should establish a Root and Tuber
Crops Development Board composed of government officials,
research scientists and technologists, farmers'
representative, processors and exporters.
The terms of reference of the Board should be, inter alia:

- increased production of root and tuber crops, on a
national scale.

- recommendation of improved varieties for production and
processing;

- promotion of the commercial processing and preservation
of all root and tuber crops;

- encouragement and promotion of the use of suitable
equipment and facilities for processing and

preservation.
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- improvement in the marketing systems of the raw root
and tuber crops and of their processed products and by-
products, locally and abroad;
promotion of research and development in the
production, processing, preservation and marketing of
root and tuber crops and their processed products;
.enhancement and promotion of the role of root and

tuber crops in the food security system of the country.
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4.51
4°.392
4.53

Cocoyam processing and preservation
Research and development

There is very little research and development work in cocoyam
production, processing, preservation and utilization in Ghana
as compared to other root and tuber crops except frafra
potato. The SRDP through the MOFA or the proposed Root and
Tuber Crops Development Board should encourage and promote a
well-planned research and development studies i1in the above
areas in collaboration with the CRI and FRI of the CSIR and
the Faculties of Agriculture in the various Universities 1in

the country.

Cocoyam flours

The SRDP in collaboration with FRI and other institutions

should encourage and promote the production of flours from
7 s 28 - ]

cocoyam for making porridge and fufu (Vide 4394 and 440

also).
Traditional storage improvement

The traditional storage methods of leaving the roots in the
soil, storing in dug-out pits and covering with plantain
leaves after harvesting should be upgraded by adopting and
adaptiﬁg the improved storage technigques recommended for
cassava storage in Annex .8. ..... for cocoyam storage. The
SRDP through the MOFA or through the Root and Tuber Crops
Development Board (RTCDB) should encourage and promote suéh
storage techniques for cocoyam by requesting the FRI and CRI
of the CSIR and the Faculties of Agriculture of the

Universities to conduct the initial storage trials.
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o
n

.56

Sweet Potato processing and preservation

Processing

’
Apart from the traditional preparation of sweet potato into
various snacks, there is virtually no elaborate commercial
processing of the crop. Experimental processing of the sweet
potato which have eventuated into the compilation of recipes
has been conducted by the Home Science Department (HSD) of
the Faculty of Agricul ture, University of Ghana and the Women
In Agriculture Development (WIAD) Extension Services
Department, MOFA, Upper East Region. The SRDP should
encourage and strengthen the efforts of these imstitutions so
as to have some of the processing techniques translated into

commercial ventures.

Sweet poltato flour

The SRDP should encourage and promote the production of sweet

potato flour by the FRI, HSD of UG and WIAD of MOFA.

Sweet potato storage

To upgrade the traditional storage practices for sweet
potato, the modified version of the improved maize crib in
Drawing 140 10 Annex..g ....... should be adapted for sweet
potato storage. The adapted crib should ﬁe constructed 1in
some high sweet potato growing areas in the Central,
Northern, Upper East and Upper West Regions of the country
for demonstration and training in construction purposes. The
PHDU and the ESD of MOFA, and the FRI and CRI of the CSIR
should be requested by SRDP to undertake these adaptation and

extension exercise.

92




4.58

Frafra potato processing and preservation

Research and development

Knowledge on the production, processing and preservation of
the frafra potato is scanty because these activities are
limited mostly to the Upper East Region of Ghana where 1t 1is
grown in small quantities mainly for home consumption and
there 1s also virtually little or no documented literature on
the crop.

Research and development studies should be conducted to
improve and upgrade the traditional technologies involved in
the production, processing and preservation of the frafra
potato so as to raise them to commercial scale activities.
For these studies the CRI, FRI, MOFA and the Faculties of
Agriculture of the Universities should be involved.
Locally—-produced Smgll Scale Equipment

and their manufacture

An analysis of locally-produced equipment shows that
indigeneous technology exists for their design and
manufacturer. However, improvements are needed in some

specific areas.
Workshops and facilities

There is lack of well-organized plant layout im most
workshops. With the need to produce higher number of
processing units of better quality serious efforts should be
made to improve plant layout so as to increase plant
operation efficiency.

The MOST and MOTI acting in concert should request the Accra
Technical Training Centre (ATTC) National Vocational Training
Institute (NVTI) and Ghanma Regional Appropriate Technology

Industrial Service (GRATIS) to produce a standard plant
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4.60

4.61

Design

The FRI, 1IRI1, AED of UST and the various technical institutes
should be mandated by MOST and MOFA to test the various root
and tuber crops processing and preservation equipment with a
view to making modifications which would eventuate in
increased efficiency.

For the graters modifications which should be considered

include the following:

1. replacement of the levered press by a loaded spring
backed weight;

2. replacement of the perforated metal sheet and wooden
block and the shaft which together constitute the
raspering or grating rotor by either a milled surface
solid or hollow cylinder with a shaft for the drum grater
and milled surface. disc for the disk grater.

’

For the presses, modificationsg should address reduction in

human effort or energy exertion and the collection of liquid

exudate for further processing.

For the roasters, improved designs should aim at reducing
discomfort, drudgery, energy consumption per unit of oﬁtput
and the use of Liquified Petroleum Gas (LPG) to reduce

excessive .reliance on wooudfuel.

Production .of spare parts

Manufacturers of root and tuber crops processing equipment
should be requested by MOTI to BFQducespare parts for their

machines and these should be availabe in designated shops for

purchase.
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Drawings af machines

Manufacturers of root and tuber crops processing and
preservation equipment should, on their own, make drawings of
the machines they produce or be assisted by local technical
institutions to make the drawings for future duplication
and/aor standardization of the machines so as to facilitate
their commercialization and the production of spare parts for

their repair and maintenance.

Standardization of materials and machines

There is generally no standardization in the use of materials

and tools in the production of locally-produced equipment and
consequently product specification i1s rough and does not
allow for inter-changeability of parts.
There 1is also lack Df;standardization of the egquipment which
are produced. Food manufacturing practices imply that
equipment used should be made of good materials which would
not impart contaminants to the food product in contact with
the processing equipment.
The Ghana Standards Board (GSB) should formulste minimum
standards for the quality of raw construction materials,- and
productslstandard dimensions and sizes based on the
International Standards Organization (IS0) shecifications not
only for the root and tuber crops processing. equipment but
also for the whole small scale informal sectbr of equipment
manufacturers. The esteblishment of standard specifications
o &9wmpmenl
for small scale producers of food processlng}would help not
only in the manufacture of components and spare parts and
create a spare parts industry for the sector but also help to

produce 1tems comparable to foreign machines.

95




Human resource development in equipment manufacture

Technical and managerial skills are lacking among
manufacturers of root and tuber crops processing equipment as
only a few possess the requisite expertise in their
respective fields. To be able to produce good quality
products comparable to intermational standards, upgrading of
technical know—how and managerial skills is needed to expand
the scope and increase the efficiency of production of their
machines. In this regard the MOTI and MOE acting together
should request the Ghana Regional Appropriate Technology
Industrial Services (GRATIS), Accra Technical Training Centre
(ATTC), Kumasi Technical Institute (KT1) and other technical
institutions, the NBSSI and EMPRETEC, to mount an intensiVE
training programmes in the requisite areas for these small
scale entrepreneurs.

Capital

Lack of capital is a major constraint not only for small ~
scale manufacturers of processing equipment but also for
operators of root and tuber crops processing establishment.
This is due, inter alia, to the high rates for capital, Uthe
negative perception of banks towards such enferprises due to
their vulnerability and high mortality ratés. inadequate
loanable funds and poor repayment rate, weak credit system
and the absence of specific institution(s) charged with small
scale financing policy.

To solve this problem of capital, the Government of Ghana
(GOG) should have a clearly—-defined national policy on micro
and small enterprises, establish specific financial
institution charged with financing micro and small
enterprises, and/or setting up a épecial credit scheme for

micro and small enterpricses.
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Coustruction raw materialno

The manufacturers of root and bLuber processing machinery
depend on scrap iron ass raw material. The use of scrap does
not provide the necessary material for food processing
equipment where hygiene of the product is important and

i
where contamination of bthe products needs to be avoided.

As a short-term weasure the use of scrap may be
satistfactory but not in the medium-terin and long-term.
Concerted efforts should therefore be made by MOTI and MOST
to improve on the availability of construction raw
materials especially iron and steecl. FForr thig, the Tema
bbteel Works needs to be upgraded and the proposed
development, of the Qppon Manso Iron and Steel Project

should be undertaken.

Marketing

Although marketing has generally not been a major
constraint since most of the manufacturers produce on
order, there is the need to assist them with knowledge of
marketing strategies and opportunities. The acquisition of
this knowledge should form part of the curricula of their

entrepreneurial training by NBS55T and EMPRETEC.
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Suitability of Improved Cassava Varieties to
" Processing Methods

Three of the four varieties namely; TMS 30572, TMS 50395 and
TMS 4(2)1425 have been released for their food values because
of the following:

Is

Yield (both wet and dry) of each of the above named
clones is more than twice that of the local variety Ankra.
It is therefore presupposed that their higher yield will
result in higher returns for the farmers.

Although they have relatively higher HCN content than the
local variety the levels appear to fall within safe
limits in their food forms as the HCN contents are less
than 10mg/100g.

All the three are at present tolerant to the common pests
and diseases in the country.

The morphological characteristics of the three fit into
the current farming systems of the country.

In addition to the above points, the clone TMS 50395
though not good"for fufu or ampesi is good for gari,
agbelima and kokonte. It has the highest yield and
therefore is given the name Gblemo Duade (meaning in Ga
grinding cassava). This variety is being recommended to
be released for processing into gari, kokonte and agbelima.

6. Clone TMS 4(2)1425 has some unique morphological features.

The roots are long and whitish in colour and the "Abasa
fitaa" (meaning, white arms, in Akan language) has been
given to it. This clone is recommended as all
purpose cassava.

The clone TMS 30572 though not good for fufu and ampesi

is good for gari, agbelima and kokonte. It has compara-
tively stable yield both on station and on farmers fields
throughout West Africa indicating higher adaptability to
prevailing farming systems. For this quality the name
"Afisiafi" (meansing in Ewe language, cassava with stable
performance) has been given to it. It is recommended to
be released for processing into gari, agbelima and kokonte.

Despite its favourable attributes which make it suitable
for mechanical harvesting and fit into intercropping
systems with various field crops the sub-committee could
not recommend the clone TMS 91934 for release because of
its high susceptibility to African Cassava Mosaic Virus
Disease (ACMVD) and lowest yield among the four varieties.
It should however be kept in the germplasm for expoita-
tion of its good attributes by breeders.
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The varieties could not be recommended for industrial uses
because no data for that purpose were provided. It is hoped
that future research would consider the relevant data including
the content and nature of starch, fibre content and their
suitability for animal feed.
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1.5

Annex 1

ROOT AND TUBER CROPS PROCESSING AT THE
VILLAGE LEVEL IN GHANA

QUESTIONNATIRE

GENERAL
1.1 Name of the processing unit/group/plant (underline

whichever is relevant).....ccceseceveccssccecscovas

oooooooooooooooooooooooooooooooooooooooooooooooooo

Address and location of the unit/?roup/plant (underline

whichever is relevant)........ioieiieinieteiennansas

ooooooooooooooooooooooooooooooooooooooooooooooooooo

Name of district and region in which unit/group/plant

is located (underline whichever is relevant)

Is unit/group/plant individually-owned (Yes/No)
family-owned...... B R group-owned (Yes/No)
...... ceetesssessssassssinstitution-owned (Yes/No)

a non-governmental organization (NGO) sponsored project
or fonded (YES/MO)«sssussscis wisuseiss ¥ H oA A b Sw b

If the unit/plant is individually-owned obtain the

following particulars of the person:-

i. BGEE 000 sssewpes i b panmurenses
ii. sex: ..., e ettt
iii,. marital statiuSi: = ceswenonssvannaaosssss Ve
iv. educational status: ...... R —_— .
V. professional skillstiiiessscsasenasssinses ‘ %

If the unit/plant is family-owned obtain the following

particulars:-

j name oOf the leader: .......oiiiii it ieeeeenns

ii. number of men: L. e e % e e

iii. number of women: et et ettt et e
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iv. number of children above 12 years old.........
V. number of children below 12 years old.........
vi. assignment of the leader ....................

vii. assignment of the women...........cicieeennn

viii.assignment of themen ............. ... .

ix. assignment of the children above 12 year old

If the unit/plant is group-owned obtain the following

particulars:-

1. name of the leader of the group.................
ii. number of family subgroups..........coceeeieinn
iii. average number of persons in each subgroup......

iv. number of .men and their assignments in each

SUDGTOUP s s s swos wows s wame s vos s an e s emm s P
V. number of women and their assignments in each
subgroup......... NI Ty s v R VS S e e S

oooooooooooooooooooooooooooooooooooooooooooooooo

vi. number of children above 12 years and their

assignments in each subgroup..... e b B a B B e ed e e

vii. number of children below 12 years and their
assignments in each subgroUD. cvesssesnssmens smws

------------------------------------------------

If the upit/group is institution-owned obtain the
following particulars:-

i. name of the institution............. ..o
ji. name Of the MADBGOT cevsevwso nmwn wpmn s n vuws s s wen
11l Aage ssesssses Shebn s n s cevees cessessssennenens
IVe BOXiwsnesnson ses s s et e s e s e esas e e cveen e oo
v. ediicational SEatluS:.icusvssssvsnsrnonsvsosisosocs
vi. professlional SEALUS. vvssyvsnsrsunsrvaasnemnnss un .
vii. numbers of management personnel............... .o
viii.number of machine operators............. P
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ix. number of supervisory personnel............ce.o0..

X. number of unskilled 1aboUr.:csvessswes o svnis o sssss

.9 If the unit/plant is a non-governmental (NGO) funded

project, name of the (NGO)....eoveeenvvennn . N % R

.10 If unit/plant is a NGO funded project name other places _

village(s) district(s) and region(s) where the NGO has

similar projects....ciieeeeeieereerettttnscnscnsnancns

-----------------------------------------------------

.11 Name(s) of the beneficiaries (groups or institutions or

organizations of the NGO funded projects.............

.12 Name of the management of such NGO funded projects...

-----------------------------------------------------

RAW MATERIALS &

2.1 Do you grow your own raw materials (cassava, vyam,

cocoyam, sweet potato, frafra potato) for processing?

ooooooooooooooooooooooooooooooooooooooooooooooooooooo

Yes/No.

.2(a) If no in 2.1 where then are the sources of your raw

materlals BUPPlYZsvasvmmswwmnm s s e wn e @ w wele  w wie o w s e e

.2(b) What varieties of raw materials (cassava, yam, etc)

do you get from the various sources? Name them

.2(c) What characteristics (time to mature, starch content,

colour) do these raw materials have?........cevvueun.

-----------------------------------------------------

.3 If you grow your own raw materials (cassava, yams,

cocoyam, sweet potato, frafra potato) what are the
names of the varieties you grow and why do you grow

these rather than others?
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s e o v o o e s o o o 0 8 0o o ® 8 8 ® % & 8 8 8 6 % v s e e 8 s e e N S S S L e 0
------- @ ® 0 8 6 8 9 5 6 8 8 9 5 0 S 0 E S 9 S S e e e S SO LNt
-------- e ® 8 ® ® 8 8 & 8 8 8 e 8 8 B % G e e e e s T S T S S O S S e e e e s e e e s 000000

------ e © 8 © 9 ® % 8 8 & e 8 P S S 6 8 S 0 S S S S O S S G LS O L L LN s 0o

2.4 What peculiar characteristics do the varieties you grow

have which are different from the others you do not

GLOW? 4 s v oo e svnssesossssssassssseosssanosssssssessssssss

2.5(a) Do you think the age and variety of the raw materials
(casséva, yams, cocoyam, sweet potato, frafra potato)
affect the quality of the processed products (gari

agbelima, starch tapioca etc).

@ 8 o 9 © ® 8 @ 5 ° 9 S B G ° S O U C S P P G 9 S T O S I G T S S S 9 G 0 S s O e S e s s S G e s e e e e
@ 8 ¢ 5 P e % 8 8 4 T S S T S O P T G B T S VT S S S P G S T G G O 0 SV S G S S G L e B GG e s e w0

2.5(b) What effects do you normally notice? Please complete
table below. 2

RAW MATERIAL VARIETY AGE EFFECTS

2.6(a) If the raw materials (cassava, yams etc) are from
your own farms how far are there farms from the
Processing S1CeRu s ceasssanmi v oo s s oninios s oo oot €6 aosess

® % ® e 8 9 O e T e W P G G S S T T ST S S S S P T TS S O P S P ST S PSS TS SN O S

2.6(b) If the raw materials are from co-operative farms,

how far are they from the processing site?

® s e 0 0 0 0 o 0 ® ® o ® 8 0 0 P 9 e e e e e s 2 s s e s G e B B e T e o ® ® o e s o v s s s e e e e ¢

L I e T I I T I I I I I




2.6(c) If the raw materials are from _individual farms how

far are they from the processing site?

-----------------------------------------------------

-----------------------------------------------------

2.6(d) If the raw materials are from villages how far away

are these villages from the processing site?

2.7 How are the raw materials brought to the processing
site?
by means a tractor ..... cE BB EA R R
by means of a truck ...... TATEEE B PR T T T R R Ry
by means of a donkey cart........ciiiiiiiiiiaenn ..
by means of headloads .......iceitiieereneceronnceras
others specify ..ottt iineenennn G e e W e W

2.8(a) Give approximate periods of the year when the raw

materials are most abundant for processing (dates)

-----------------------------------------------------

2.8(b) What are the peak and lean seasons for raw materials
in your area or village? Please complete the table

below.

VILLAGE RAW MATERIAL PEAK SEASON LEAN SEASON REMARKS

2.9 What are the costs of the raw materials when in peo¢¥x
season and when in lean season?




I
COST/KG | COST PER BAG OF KG

RAW MATERIAL
Peak lean peak lean
Season Season Season Season

2.10 Do you store your raw materials when you purchase or

harvest them?....... G v e SR A R e e Yes/No.

2.11(a) If yes in 2.10, how do you store them? Describe
the storage method for each type of raw material you

process (add more sheets if necessary)

--------- . . LY @ ® 5 9 8 9 T T T T S S P B T G G e s e s B e S eSS S S O
® 8 o 0 0 0 0 0 ® ® e 0 s e 0 0 0 s e . L I I e L N ® e e 0 o e
@ 8 o e st o 3 s e P e s e s e e . ® % 8 9t s e v e s e e e s L e e e s s .. . LY
® s e 0 0 e L R . .. ® s 0 0 8 v e 0 L ) . . .
-----------------------------------------------------
------------- @ ® o 9 9 8 2 P 9 B P P e P G L e e O G G S S B O S O S W E O S O 0 P e e e 0 W

2.11(b) Do you treat the raw material in some way before

BLOLINGT oo essmnvasmonsnnrnwnenness R A Yes/No.

2.11(c) If yes in 2.11(b), then describe the treatment

GLUVGIT s cswnac s s i s R s S ERARFFAR S PHI B S H AR B EIAT R B Fbd @& . e

2.12 For how long do you store the raw materials before

processing?...ce.s¢ 00 R sesvesie e ean s e ene e




2.13 what 1is the maximum and minimum quantities of raw

material needed for processing in

2 i = T o -
1. @ WEBK ittt ittt ti et steetseeenosencoasansasnas
111, @ MONth .. cerooneesvtonenrsssessssensamesassesiss
iv. others specify ...t viveetiricrnecestnncans o

2.14 what problems do you generally face with raw materials

supply?

ooooooooooooooooooooooooooooooooooooooooooooooooooooo

-----------------------------------------------------

3. WATER REQUIREMENTS

3.1

From where is water obtained for processing?
i. A WELL s issci#oes s an ol v iai g essvsecs eeps s
11, a TIver (DAME) . .covnovoooessnnseosonesnsssssessse
iii. a spring fname) ......... N T I R LY iveaes e
iv. a lake (NAME) sewsowosssnssssionnssmoesaonsssssss
v. storage tank (capacilty).....iviiin ittt
vi., borehole .iccieecrevcccccsccocsosconssscssas coe
vii. others SpeClfy «esssvusvosees o % S @ 8w % % % i ¥ ‘

3.2(a) Have these different types of water sources been

tested as to their suitability for drinking (Yes/No)

3.2(b) If yes in 3.2(a) by whom and when

. . e o o 0 8 " e LI . L] L) . . . " e
--------- L I I L I ) L I I I R I I I S ) LY .
oooooooooo ®© ® 9 ° e 9 P e e s e P e P P P L S P e S O S S P e e e S TS S e e e s o

3.2(c) If no in 3.2(a), then is the water being used in the

locality for drinking purposes........ce.o.. (Yes/No)
How is the water brought to the processing unit?

: 1 by means of pipe lines. ...... i le W FEIEE S % sise ® ¥ 6w
fis 1In containers;iicsvsiessaiissosssiscssneesssooss
1ii. in trucks/tractors .cecomasvwnsnvowuineenesn “o

iv. by means of headloads ..... 000004 O
V. Others speCify ‘.t iiiiiiiineneeeeneenennnnens
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4.

-'5.

ENERGY REQUIREMENT
4.1 What is your main source of power for operating the

machines.

i. from a generating plant (Yes/No) what is its
capacity ...ccciitiiiiienoonn (KVA)..... sesse e

ii. from electricity corporation of Ghana (ECG)
substation (Yes/No). Where and how far 1is the
substation located..... ..ttt crrernnns

iii. from a diesel engine (Yes/No). Obtain particulars

of the diesel engine.

4.2 What is your energy. sources for roasting.

is glectrlCity.csscsvssonn s (Yes/No)
ii. gas ‘i iiiiiii it (Yes/No)
iii. fuelwood ..... "% wS +....(Yes/No)

iv. Others specify .........c0.. oo

i

MANPOWER

5.1 What is your total labour force in respect of
i. management....... AR B R e Rd G e b Sy B E e EE b
ii. technical supervision ..........c00vun et e

iii. line/machine operators.............. sE SR § e e
iv. casual labour in peak season...... L% W e o %% w e

v. casual labour in lean SEASON ... vceeereeeaooeees

5.2 What are your labour requirements (person-hour, person-
day) in respect of the following according to the table

below.

OPERATION , PEAK SEASON LEAN SEASON

Peeling
Washing
Grating
Pressing
Sieving
Roasting
Bagging

I a7
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5.3 What are your total labour requirements (person-hour,

person-day) for making

i. GBEL csprasssssnmwaesenenrasnstnntynanunensn e

ii. agbelima......cccecierccevescacasossscnscnncsns

iii. starch......... vees e il T s Y .

iv. tapioCa. ..ttt iiie ittt

V. KOKONEC cv o v siisim v simm v s mimn o sino o & 00 6 o 650 0 & ¢ s s &8 69

vi. Others speCify :iissicdisssinssanssvoncissnsioesis
6 PROCESSING TECHNOLOGY

6.1 What are the objectives of the processing or the

processing technology? Are they meant to

» transform a highly perishable crop into a product
of l?nger storage life (Yes/No)

ii. detoxify and transform a highly periéhable crop
into a product of longer storage life (Yes/No)

iii. meet the .consumer demand for a staple food
(Yes/No)

iv. meet market demand (Yes/No)

' transform highly perishable crop into a more
convenient and easily marketable form (Yes/No)

vi. .satisfy the eating habit of a section of
population (Yes/No)

vii. meet export demand (Yes/No)

viii.Others specify ..ceoeveeesccnsnsns cvssecsssenneas

6.2(a) In your opinion do you think the technology you are

using is indigenous or imported?

-------------------------------------------------

6.2(b) If indigenous, from which are (village, district,

region) did it originate?

6.2(c) If imported from which country?........... T TIY

L)

ooooooooooooooooooooooooooooooooooooooooooooooooo




What are the processing methods you wuse 1in the

production of items you produce? Describe the unit
7

operations of processes involved according to the table

below (attach more sheets if necessary.

PRODUCT PROCESSING METHOD

6.

4

Indicate the amount of processed product obtained from
a specific quaﬁtity of raw material (recovery rate) in
the table below.

PRODUCT

RAW MATERIAL(KG) PROCESSED RECOVERY RATE(%)
PRODUCT (KG) PROCESSED PROD.X100

RAW MATERIAL

6.

5

Indicate in the table below the manner of utilization

and the percentage used of the processed product.
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PROCESSED
PRODUCT UTILIZATION
As % I As I % |Industrial % ' Others
Food |Used |Feed |Used | Material | Used |(specify)
7 MACHINERY

What types of machines do you have for processing the raw
materials? Could you give the approximate number of units,
capacity, year of make, year of installation and materials

of construction etc. of these machines as per the table

below.

Type of No of Capacity Power Year of Component

Machine Units Rating Purchase Construction
and Materials

Install.

Washer

Peeler

Grater

Presser

Heat Sealer i
Dryer

Sieve

Roaster

Grinder

Fermenting

equipment

Others (specify)
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71.

List other methods by which the above machines are

operated (eg. fuel wood, diesel, biogas, solar etc.)

ooooooooooooooooooooooooooooooooooooooooooooooooooooo

What is the cost of each of the machines listed in

question 7.17?

a 6 & % W S bi saans T ‘o Ciu samwsnenEn s ses
A sssssonssan i wwsswes 0% % ¥l @ £i cavsssnmsssaons
gs sseseennsas hs ssscnsvsassons 1s seisecavinses .

-----------------------------------------------------

If not manufactured by you, by whom were they

manufactured? (Address)

ooooooooooooooooooooooooooooooooooooooooooooooooooooo

What do you think the total cost of all the machines
you use is?

ooooooooooooooooooooooooooooooooooooooooooooooooooooo

day.
How many days in a week.......... D T . e
How many weeks or days in a month.............c.0c...
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How many months, weeks or days in a year.............

How often does each machine break down, in-

. A day sescsosnsoonss e “ RN B R B SN e s oeooe
b A WEEK iisisissoisssassssssssssvsisvsosnasedsssns
C: A MONERN o o s w emmio s st nsiinin o siwris o misiib s w sigiio s o 110 is o v olisie
d SR '4-T: § ol S F G e R R R AR SSRGS S Y SEE s e

Give the average number of days each machine may be
idle due to

a. lack of spare parts ......ccte ittt
b. due to lack of raw materials......eeeeeeeen EERREe
c. due to lack of customers .......ceeeeveecoccnoceos

Are spare parts for the parts of each machine readily

available........ T RSB E FRE TGN S TGRSR SR .
Can they be purchased in the shops........ciievenn
Can they be obtained from the manufacturers ........

8. END-PRODUCTS

8.1 What products do you produce from the raw materials
(List).!. ....... L L I N D I I D I D D D D D D D L L . . .
8.2 Give the quantities produced in a day, in a week, in a
month, in a year according to the table below (kg).
In a day In a week In a month In a year
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9. BY-PRODUCTS
9.1 What are the by-products of your processing activities
{List them)ssssivinississcinicisrsssssvosas e s assssios

9.2 How do you use the by-products.

By-Product Use

10 WASTE DISPOSAL
10.1 How do you dispose of wastes?

Waste Method of Disposal

11. DISTRIBUTION AND MARKETING
11.1 How are the end products distributed and marketed?

(Give name and/or address, if possible)

Gari

a. through agentS.scssossmasnnenws G w e e se e e e enes .
d: direct Lo CONSUMELS :ssvssssinnssvssssidsosrsssnns
c. sale to agencies/institutions........... e e




d. At the MATKEE csisswsssnvis nass s ons osins s s ses s G 5

Agbelima

a. through agents..........cc00o.. tesesesvesisasae

d. direct to consumers ...........0... e ..

¢c. s8ale to agencles/institutlonB...ovsevsssevvsnnse

d.:. At Ehe MArket ssssscsvsnsssnssssnsosnnms swes s oo

Kokonte

a. through agents................ IR R

d. direct to consumers .......... et es e

c gale to agencies/institutlions....ccsscessvnsansn

’

d at the market ......cii ittt .

Starch

a. through agents.......ccvieveervvvreccscssccoaasns

d. direct to consumers ........citet ittt

c. sale to agencies/institutionS...sessesnesscsnsns

d. at the market ............... Gk R W e R W B
Others (SpPeClfy):cernessenssovsnssnonaosnsesennss

11.2 Who are your biggest customers? Give name and/or

address.

a. The agents....cce00 ceereseese e B
b. The CONSUMEIS...vtuereeeesnnssssanscsssncosssas
o The agencies........ s osien e R coesvecee
d. Organisations/Institutions...........ciiiivvenn
e. Others (specify)............ i E e EE s PR E &

11.3 Are there any guaranteed prices for each of these
commodities?
What are the prices paid per unit quantity when raw
material is in season and when cassava is out of

season?
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In season (¢) Lean season (¢)

Starch
Gari
Kokonte
Tapioca

Others (specify)

11.4 By what means of transport do you frequently market

11.

11.

11.

11.

11.

7

your products (Tick whichever is relevant)

i. by land (lorry) ii. Dby rail

iii. by air iv. Dby sea

Where do you market your products (Tick whichever is
relevant and name them.

i. In your area of production ........... T

ii. Outside your area........cevveeeeennnns Ve e e

iii. Outside Ghana......vovvieennnnn (Name the
countries) ’

How are your products packaged for distribution and
marketing (Tick one which are relevant)

i. in jute sacks ii. 1in polypropylene sacks
iii. in plain polythene ponches iv. in printed and
decorated polythene ponches v. in metal containers

vi. in glass containers

How were your markets - determined?

L I R I Y

When are your peak marketing (i) day(s) of the week
(ii) week(s) of the month............ month(s) of the
year.

What other information do you have on your marketing
strategy.
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12.

ASSESSMENT OF PROCESSING UNIT

12.1

12.2

12.3

12.4

12.5

Machines

i. External appearanCe .......eceeevecsessscscnsess
ii. Efficiency (give percentage)........ciieviiuneens
iii. Output or capacity...ciii ittt it enennononns
iv. Fregquency Of USE@..sossevnoscesnsonsssssansssessss
v. Hygienic and sample condition............c.c00.
Processing ,

Sanitary and hygienic condition of area..............

Water used

From visual examination assess the quality of water

used for washing and processing of raw materials.

ooooooooooooooooooooooooooooooooooooooooooooooooooooo

Technical assistance

What type of technical assistance do you as surveyor,

t h i n k t h e un i t n e e d s .

Technical assistance needs
(This has to be obtained from the people)

What type of technical assistance do you need to

improve processing of root and tuber crops in your

MIAAED s o sms o 0 siois 5 & 5. € 610 8 5 8510 & 5 oies s ¢80 o o simein v oe e e e e
...... T I I T Iy
""""" LI L T B R T Y IR B N I R R DR I T TR R D D R DR DL R R D . ® o s 9 s
................................................ e o
. ® @ o ° v 9 "0 0 . ® & & 8 & # 8 & 5 " 9 " e 9 T s "0 e e ® o 0o 0 0 0 " " 0
..... . ® ¢ 2 " 9 8 0 0 * 0 L e 9 ° 0 0 * 0 e 0 o 8 0 0 0 00 LI I ) e« o 0 9 9o 0
....... CE NS B NSRS SRR S SRR SRR e s e




13.

12.6 Would you like to join with

ANY OTHER INFORMATION RELEVANT TO

operative basis?

® e o o o ¢ 0 % 0 0 8 8 8 0 5 ® 5 9 0 0 0 P O O S B

e o o o o

other

e o o o o

THE

units to work

® e o ¢ o o o 0 o 8 o o 0
® o o 2 s s 0 0 0 0 e 0 0

SURVEY

@ ® © 9 0 0 0 % s 8 T 0 B G L S T O s e

.

.

.

.

.

e e o e o 0 o e

e o o
e o @
e o @
e o @
L)
o o 0
.

- o 0
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1.1

1.2

1.5

ROOT AND TUBER CROPS PRESERVATION AT THE
VILLAGE LEVEL IN GHANA

GENERAL

Name(s) and Address(es) of the owner of the unit....

Location of the unit ......... et e e e e e e et

----------------------------------------------------

Is unit individually - owned (Yes/No). Family -
owned (Yes/No). Group - owned (Yes/No). A non-

governmental organization (NGO) sponsored project or
funded (Yes/No).
If the wunit 1is individually-owned obtained the

following particulars of the person:

1. Age cvessreens seessessesee v e R I IR IR
11. BeXessvnsns T I
iii. marital status ......... .00 R r cooe
iv. educational SLatls8 ..ccesovensncuncimansnnovons s
v. professional skill ......ccctiiivenecnnesenns oo

If the unit is family-owned obtain the following

particulars:

i. name of the leader ..... BB M WK VRN % RS 5% B EE s
ii. number of men ......cc0t ittt ittt nan
111. Dumber OF WOMEN .scesconvssvnsssnssuumnsssmmsws
iv. number of children below 12 years old .........
V. number of children above 12 years old ..... sowe
vi. assignment of the leader ...........ccieiivenn
vii. assignment of men ......c.c0eeun.n S e
viii.assignment of women......ccccccceesss cawass e bses
119




.10

xi. assignment of children below 12 years old......

X. assignment of children above 12 years old......

If the unit 1is group-owned obtain the following

particulars:

i. name of the leader of the group............ .%o
ii. number of family sub groups........cceeieveeeens

i1iii. average number of person in each sub group

iv. number of women and their assignments in each sub

iv. number of children below 12 vyears and their
assignments in each sub group..................
iv. number of children above 12 years and their
assignments in each sub group.....ccceceeeeeees
If the unit is institution-owned obtain the following

particulars:

i. name of the institution ................ . siisiin v % s

ii. name of the manage .....cccccveveen B R R NS S

0 R ' - Veesesrsens ..

v, 8eX. sevuwas o e W W B e e sw WS E S W e o s W e e e
: ‘

V. educational status ..... R P X AP R §

vi. professional stuatus ......c00i ittt

vii numbers of management personnel....... cevenenes
viii.number of unskilled labour .......... R E NS

If the wunit 1is a non-governmental (NGO) funded

project, name of the (NGO) ...ttt ittt nonenns
If the unit is a NGO funded project name other places
(villages) district(s) and regions where the NGO has
similar projects...... ST i I R P
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1.11 Name(s) of the beneficiaries (groups or institution or
organizations) of the NGO funded projects ..........

oooooooooooooooooooooooooooooooooooooooooooooooooooo

CROPS GROWTH
2.1(a)What types of root and tuber crops do you grow?

Name them.....eooeeeeoeeenose N R iE s & b

2.1(b)Do you sell all what you grow. (Yes/No)

2.1(c)If no in 21b, then how much of what you grow do you
preserve/store?
i. /8 wovionsomsanmasns Yes/No
ii. 1/3 ..... b e w W mE Yes/No

111 1/2 cevvssswnesenss YOS/NO
Ivi 273 sseisssisasasss Yes/No
Ve I o xmnsewan e .... Yes/No
vi. Others (specify)

2.2 If you do not grow your own root and tuber crops, then
which types do you purchase or obtaih to sell or to
preserve/store? Name them .......ccciiereveeocoonces

2.3 What quantities of crops name in 2.2 do you purchase
or obtain and how much of them do you preserve/store?
Indicate the information in the table below:
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CROP QUANTITY QUANTITY PERCENTAGE (%)
PURCHASED STORED STORED
3. STORAGE METHODS AND STRUCTURES
3.1 If you preserve/store part of your root and tuber

crops, describe in the table below the methods and
structures you use for each crop and the storage
period.

: 2 T

CROP 1 STORAGE METHODS & STURCTURES | STORAGE PERIOD

12




.6

What materials do you use for the construction of the

storage structures and where are they obtained?

i. sticks (sizes) ...ttt ennaanns viw e e w s
ii. dry sorghum stalks .cicessvisssosvsssnsnvonnsss
111, Ble—¥ine suvesnvnssvsnenennnwnsen CEE N E BRSSO E
iv. twigs (thorned) .............. cess b es s b Y
v. poles ..o St e e e e s e e e c et e e e s e s
vi. others (specify)..ieeeeieeen. teeeesee e oo

How many days does it take to construct a storage

structure (days)?

i by one person ......cc000000. Cetsee it .o
1i. Dy two PErsons ......c.cceeceeecccccccss o wsew e e
111: by three Dersons .ssccsaccissvsssvsssasnes s nasas
iv. others (Sspecify) c.viviiiiiiiiiiiieiiinenennnns

Who are involved in the construction of the
structures?

i. men only (Yes/No)

ii. men and womlen (Yes/No)

iii. men and children (Yes/No)

iv. men, women and children (Yes/No)

V. family members only (Yes/No)

vi. family members and neighbours (Yes/No)

vii. family members and hired labour (Yes/No)

viii.others (specify) ....ceiieiiiiiieinan. s b d
What is the life span of storage and dfy structures?
i. storage barNessssssssasnnvnsnvasesisnsnsssnns ..
ii. storage room (mud) ..... BE R P T
1ii. elevated drying platform .......cveeeeeuennns
iv. others (specify) R A . w

When are the crops stored?

i.  soon after harvest (Yes/No)

ii. a few days after harvest (Yes/No)
iii. a week after harvest (Yes/No)

iv. soon after purchase (Yes/No)

V. a week after purchase (Yes/No)
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3.7 Does the delay in storing the the crop soon after
harvest affect the crop? (Yes/No). If yes, in what

way(s) describe ..... S VR W B e R e e s s BN R seee e e

4. SPOILAGE
4.1 If even when the crops are stored soon after harvest
some of them get spoiled, could you give some details
as to the quantities spoiled and how long it takes to
get spoiled. Please complete the table below:

CROP |STORAGE | QUANTITY | QUANTITY | PERIOD TO PERCENTAGE
METHOD STORED SPOILED | SPOILAGE SPOILAGE (%)
(MONTHS)

4.2 What are the causes and nature of spoiiage for each of
the crops when in storage? Please complete the table

below:

| 1
CROP CAUSE OF SPOILAGE NATURE OF SPOILAGE

" 124
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4.3 Do you process some of your harvested process before

storage. (Yes/No)

4,4 If yest in 4.3 then describe the processing method,
months of the year when the processing is done, how
long it stores before you notice spoilage, and the
cause of spoilage according to the table below. (add

more sheets if necessary):

CROP PROCESSING TIME STORAGE CAUSE OF
METHOD PROCESSED PERIOD SPOILAGE
(CALENDAR
MONTHS)
5. DISTRIBUTION AND MARKETING

5.1 Where do you market your products (name them)
5.2 How do you market your products?

i. in baskets (Yes/No)

ii. 1in jute sacks (Yes/No)

iii. in basin (metal) (Yes/No)

iv. others (specify) ...ttt ieennnns PR A
5.3 How do you convey them to the markets?

: by means of trucks(lorries) Yes/No)

ii. by means of tractors (Yés/No)

iii. on bicycles (Yes/No)

iv. on horseback (Yes/No)

V. by means of river boat or canoe (Yes/No)

vi. Dby headload
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vii. others (specify)
5.4 Where do you store them in the market (name them)

oooooooooo .o ® e 0 0 0 0 0 o ® % 5 ® 0 0 e e 8 9 0 e e e e e e s e T P e e e e
ooooo . ® e 0 0 0 0 0 e 0 o0 © 5 s ® e e 0 e e s e e e e 0 e s e e ¢ o o v 0 0 0
ooooooooooooo . . . ® ® 9 0 0 0 8 8 e e 0 P s 2 G S e 9 0 B 0 S e e e S e s 0 S O 0

5.5 How much do you sell your produce during the peak and

lean seasons? ' Please complete the table below:

PRICE

PRODUCT/PRODUCE
PEAK SEASON LEAN SEASON

6. TECHNICAL ASSISTANCE NEEDS
6.1 What assistance do you need to help you store and

preserve your root and crops to prevent losses?

® 5 9 ® 0 9 @ VT O 9 P S P E P S T S P S S S T L L S TS TP T S E T S S e B e

. ® 2 0 e 0 e 0 00 0 0o . ® e 0 0 . o L) ® o 0 0 0 s o . e . . e
4
ooooooooooooooooo . . ® ® 5 o @ o 0 85 s 8 0 0 8 0 " e 0 * e o @ .
® v e 0 0 e . L) . * e ® o 0 0 o 0 . . ® 20 0 0 0 ® o o 0 0 5 0 0 o .
ooooo ® e s 0 ® 0 8 o 2 8 8 4 6 0 0 0 0 8 0 e T e e s e e s e T VT S OV O . .
oooooooooo . . e o 0 . . ® * o 0 e e 0o e e e 0 e 0 0 e LY . . .
* e e 0 0 0 " . . . . ® ® & e o v s 0 0 s F P e L s e e e e 0 e e . .
/
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’

SMALL SCALE ROOT AND TUBER CROPS PROCESSING
AND PRESERVATION EQUIPMENT PRODUCED IN GHANA

1., Name and address of organization........... ceeo e . .
2. Location of the factory (House/Street No.) ........ S —_—
3. Name of owner or proprietor ..... S M P P
Year of establishment .............. T Ty Sy s BT esE TS
Range of equipment produced and their costs. Please
complete the table below:
EQUIPMENT
- COST (2)
PROCESSING PRESERVATION
6.

Which persons and/or organizations are the main buyers of
your equipment?

i. persons (name them)

ii. organizations (name them)

. ® e ° 0 0 v 0 ® s o s 0 0 . . ® s @ ® e 0 o 0 e e 8 o s e e s e s 0 0 .o
L A ] . L) . . LY ® e o ® ® ® 9 e e 0 8 s 0 e e 0 s B e e o 0 * e
e e o o 0o LR R A . . * e 0 00 e 00 L A * 0 0 0 e e e
’
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7. Please complete the table below on the various types of
equipment produced for processing and preserving root and

tuber crops:

DATA ON EQUIPMENT P ODUCED

NAME OF NAME OF COST OF CAPACITY
EQUIPMENT MANUFAC EQUIPMENT USES (KG/HR)
TURER & POWER
UNIT

POWER CONSUMPTION
(KW) LABOUR MAIN COMPONENT PARTS
REQUIREMENT CONSTRUCTION MATERIALS

DIESEL ELECTRIC
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FLOOR SPACE LIFE SPAN FREQUENCY MAINTENANCE SERVICING
REQUIRE (YEARS) OF PART | REQUIREMENT | REQUIREMENT
MENT REPLACE

MENT

8. PRODUCTION CONTROL

8.1 Do you carry out production control of the equipment
you produce? (Yes/No)

8.2 If yes in 8.1, describe how this is done R

9. HARDWARE

9.1 Where do you obtain some of the materials for your
production work?

1. sheet Mmetalissscisvoosososassasiss ea s ‘& s
ii. angle iron ......... e E mEE U
iii. shaft ...... S e SR BN S W R S S S RE e e ‘e

Are some of the materials scrap. (Yes/No)

If yes in 9.2 where do you obtain the scrap materials

oooooooooo LR
L A « o 0 0 0 0 * 0 v s e e e ® s o 0 0 0 0 L I I I I I ) . LY

® e o 0 0 0 0 0 . * e 0 0 0 e L LR ®© ® 5 e 9 ® e 9 e e e e e e P S B P B O SO s OB
® e e 0 0 0 * . . . LI I I ) . . . LAY LY LI}
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10

11

12

WORKSHOP MACHINERY
10.1 What types of machinery do you have in your workshop

for producing the various equipment (Name them)

LABOUR

11.1 what is your labour strength?
i, management .......... o WS S E B W e e e siere @ e & wiee
11: ongilneers ...icsisssssssssvssicnsissnsiaissssod
1ii. techniclans ..swssoswinsesnncs s o 5 emw oniwite o n .
iv. semi-skilled ..........0... o siiwis ® s e e W e o w W B ww
v. unskilled cciiiveisssnnssscnsosnsssosovsonicesai

ASSISTANCE NEEDS

12.1 What technical assistance would you need to improve

upon your production technique?

oooooo LR B ) ® v e 0 0 0 0 e * o v v 0 s @ ® @ o 0 9 o 0 s e e 0P e e e O 0
. o e 0 o 0 . ® 0 e 0 0 o " s 0 0 0 0 0 © 8 e 9 o o 0 e % 9 e S B P e 8 e 0 .
----- ® o e 0 0 ° 0 0 e 0 0 L) ® 0 o & 8 o & o 2 5 0 s e s e 0 e e P e G e L e s 0 0 e
----- . . ® 5 9 % 2 P 9 8 E T S T P P S P E S B S P P E P e TR e e e
uuuuuu . o . . . ® 9 o 0 8 & % s s 8 e e e 8 0 s P T e P S P S P e e o
-------------------------------------- ¢ o 8 o 0 0 6 s o 0 s s s
------ @ 8 ® ° 6 9 8 o 6 P O O T O S P S G G P S S S e S S O T G T S S TV VT OO O S G G SO O O B
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Annex 2

FLOW DIAGRAM OF VILLAGE LEVEL PROCESSES OF CASSAVA

Cassava Roots

v o ok ~ Peeling
Washing Washing Sundrying
Cutting Cytting
Milling Stdrage
Sundrying Grdting Grating
Packaging Packaging
Packaging Fermenting Fermenting
, (After seeding)
Kokonte Kokonte
flour chips
Animal Feed Dewatering Agbelima
’
Sifting
Roasting

Sieving (optional)

Packaging

Storage

Gari
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Annex 4

CASSAVA PROCESSING

'UNITS AND THEIR LOCATIONS

REGION DISTRICT PROCESSING UNIT/  TYPE OF
LOCATTION ACTIVITY
Ashanti IFji=u-Juaben LRvrmme Gari HMakiog
" Achinakrom Women group "
Atwima Nk roma e
Sekyere West 1Brofoyedua "
Ahafo-Ano North {1Tepas "
Asanti Akim South lJuaso "
" 10dubi "
" NMorth INyirumpense

Eijura Sekvedumasi
Agona
Adansi West

Kweabre
‘l

131st. D.W.M. -

31st December Womens”

15ckyedumasi
LApons
LAdOmAm
1Antoa

Movement Unit

REGTION DISTRICT PROCESSING UNIT/ TYPE OF
LOCATTON ACTIVITY
Brong- " Sunyvani 1Faakro Gari Making
Ahafo " IWarrmesna
Dormaa 1Duns idan
" TRwame Ningo
Asutifi-Kenyasi 1Dadeec Soaba
Kintampo IMtanleorao
" LApesika
Sene-Kwame Danso  1l.emu
" Dol
NEkoranza , INeekhve /hrukese
h TAsunkwa
Techiman THRuayun
'2st D.W.M. - 31st December YWomens” Movement (it
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REGION DISTRICT

PROCESSTNG UNLT,/
TOCATTON

TYPE OF
ACTIVLITY

Ashant i Fjisu-Juaben

Atwima
Sekyere West
Ahafo-Ano North
Asanti Akim

South

" NMorth
Iiura Sekyedumasi
Agona
Adansi Wﬁﬁt
Kwabre

131st D.W.M. -

REGION DISTRICT

Sunyani

Atinfo "

Rrong-

Dormaa
Asutifi-Kenyasi

Kintampo

Sene--Kwame Danso
Nloranza

Techiman

31st December Womens’

PROCESSING UNIT,/

1¥aa)r0

LEwamn Gari Hakingr.
Achinalirom Women group
INFroma

1Brofoyvedn

4 TP Fr&

1 aso

10dub i

INyirumpense
15akyedumasi

LA o

TAdmAann

1AntOa

Movement Unit

TYPE OF
ACTIVITY

LOCATION

Gari HMaliog
AW san

ITDhunsidan

TRwame Ningo

TDadee HSanha
Lltanleora
LApeaika

1lemma

LDhrobe

IAzekve /FErulese
TN surkwa

LRuayiun

31st D.W.M. - 31st

December Womens”

Movement it
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PROCESSING UNT'T/

REGION DISTRICT TYPE OF
LOCATION ACTIVITY
Central Komenda-Edina 1Komenda Gari Makling
-Fquafo
iNyiaye "

Abura Asebu-
Kwamnakese

"

Awnthu- Efutu
-Henya

Cape Coast

Asiluma-0Odoben
~Rralkwa

Twifo leman-
Lower-Denkyira

Upper Denkyvira

1Anweem
1kwame Ta

New Al

Old Abu Ahoanu
Asuansi

Abaasi

Abalkrampa Sorodofo
Asomdwe e

Nyame dom
Yaboalio Kwamang
Anween

Qbraky=re

Raw.jiaae
Pedu

Abura
Kawannpado
Dehia

Ahwinm
Eazuman Gyira

Julkwn
Achiase

Atohianse

Alropnong

Assin Achiase
Gomoa
L3lat W, - Alat

December Viomen:s

Movemoant.
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REGION DISTRICT

PROCESSING UNIT/
LOCATTON

Komenda-Edina
-Equafo

Central

Abura Asebu-
Kwamnakece

Awutu-fEfutu
-Senya

Cape Coast

Asiltuma-0Odoben
-RBralkwa

Twifo Heman-
Lower-Denkyira

Upper Denkyira

1Romencda

1Nyiaye
1ANnwerm
Lkwame Ta

New At

Old Abu Ahoanu
Asuansi
Ahaasi
Abakrampn Sorodofo
Asomdwee

Nyame dom

Patoalao Kwihamang
Anweenn

Obrakvere

Paw.)iase
Pedu

Abura
Kawanopado
Dehia

Ahwiam

Fasuman Gyira

Jukwa
Achiase
Atobiase

Akropons

TYFE OF

ACTIVITY
Gari Making

7
Assin NAchiase
Gomoa
L31st WM. - 31st Decomber

Vienmen s

136
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REGION DISTRICT PROCESSING UNIT/ TYPE OF
LOCATION ACTIVITY

FEastern Akuapem--North 2Ewamoso Gari Making

Yensiso
BMampong Mkwanta

Nkwanta

Adawso/Apasare

Korltormy

" "

Atobiase

Akroponsa

. Achiase "
Korkormu Gari/Agbelima
Akuapem South 40blesimah "

’

2 - There are nine (9) processing units in Kwamoso
7 —~ There are three (3) processing units in Mampong-Nkwanta
4 - There are five (5H) processingt units in Oblegimah
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REGION DISTRICT PROCESSING UNIT/ TYPE OF
LOCATTON ACTIVI'TY
Fastern Akuapem~quth 2Ewamoso Gari Maliing
Yensiso "
BMampong Nhkwanta "
Nkwantao "
Adawsn/Npasare "
Korkormy
Atobiame "
Alkvoyronns "
& Achinae "
Korkormu Gari/Agbelima
Alkuapem South 10blesimah ' "
“ - There are nine (9) processing units in Kwamoao
7 - There are three (3) processing units in Mampong-Nkwanta
4

- There

are five (5H) procezsing units in Oblegimah
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REGION

DISTRICT PROCESSING UNI'T/ TYPE OF
LOCATION ACTIVITY

=

A

BAmanse Gari/Agbelima
“Hambrong "
Suhum/Kraboa
" - THae-0wuo-Nkwant a
Bhlanbenyn
Nyalimah Gari Making
Adaham
Kentenhkron
Rwoakyina
HbEronang
Rorle Hhwanba

“\r“)w;‘l

Dencunoya

- There are seven (7) procecsing unibts in Amanse

- There are nine (9) procecsing units in Mamkrong

7 - There are four (4) proces=ing mits in Kae-Owuo-Nkwant.a

2 - There are four (4) processing units in Wanbenya
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REGION DISTRICT PROCESSING UNTT/ TYPE OF

LOCATION ACTIVITY
SAmanse Gari/Agbelima
“Hambkrong "

Suhum/Kraboa

TKae-Ouwno-Nkwanta v

2Wlanhenya "

Ny akmah Gari Making
Aclahzun "
Kenlenkroan "
Kwalyia "
Ntronang !
Korie Nkwanta "
Nyored "

& Densunpya

’

5 - There are seven (7) processing units in Amanse

=]

- There are nine (9) proceccing units in Mamlrong

X4

7 -~ There are four (1) processing mits in Kae-Owuo-Nkwanta

]

There are four (1) proces=ing units in Wanbenya
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REGION DISTRICT

PROCESGING UNIT,/
LOCATITON

TYPE OF
ACTIVITY

Greater ’
Acoera Dangme West,

Dangme Wast

Agomeda Uari nit Agbelima Making

Dodova Ttome Hind b Gari Making

Sota Farms

Dawa Init
Dodowa Town Agbe lima Making

Dodowa Odumasi Yakayeke

Ablelumn Agbelima Making
Aperlkon Aghbelima/Gari Making
Adokope Init "

Koluedo Group
Mantse Kope
Kasase ih

Ada [Foah

Agbe lima Making
Gari Making

Ocansc Kobe Agbelima/Gari Making

Adortorkope "
Makartekop» Anbel ina Making

Anvalpor Aghel ima/Gari Maliing

Poluaue [nit v

Amasaman

Pobiman

Kutunge : “
Mayera
Dyanaania Agbelima Making

Kokrohite "
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REGION-

PEOCEOSING TINIT,/
LOUAT TON

ACTIVITY

DISTRICT
Greater
Accra Dangme West

Dangme Wast

’

Agomeda Gari Unit

Agbelima Making

Dodowa Home Tnit Gari Making

Sota Farms "
Dawa nit "
Dodowa Town Apbelima Making

Dodowa Qdumasi Yakayeke

Ablelumn Agbelima Malking
Aperkon Agbelima/Gari Making
Adokope Unit "

Koluedo Group
Mant=e Kope "
Kasseih

Ada [Foah

Ocanse Kabe

Apbelima Malking

Gari Making
Agbelima/@ari Making
Adortorvkope "
Makarteloper Apbelima Making

Anyvakpor Aghelima/Gari Making

Folkuase Unit

Amasaman
Pobiman ' "
Kutunse

Mayera

Dyansanaa Azbelima Making

"

Kokrohite
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REGION DISTRICT PROCISSTRNG UNIT/
LOCATION
Western  Shama Ahanta Asemas:/Shame Junc.
Fast
Kwasimintim
Beposo
Nkrotfulit
Diabencehrom
Kansaworodu Awotsoe
Apimenyim
1Atanta(Reposo)
1Asamansudo
1fasipong
Agoma NHikwantba
* Aburva
1Cape Three Points
Netuem
Asuoia
Wasea-MHEkran
Peasn
Daboasai
Mpeasem
IRBibiani
Anyinacgi
INkroful
Sefwi Wiawso Wiaws:o
1Tikobo
INyame Adiso
Wassa Amenfi Asankragwa
! - 31st December Womens™ Movement Unit

TYPE OF
ACTIVITY
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Gari Making

Nkwanta "

Gari, Tapoca
fatarchmaking

Gari making

Arbelima Making




REGION DISTRICT

PROCESSING UNIT/
LOCATION

TYPE OF
ACTIVITY

Shama Ahanta
Fast

Western

Sefwi Wiawso

Wassa Amenfi

Asemasa,/Shame Junc. Gari Making

Kwasimintim

Beposo

Nkrotulit

Diahenekrom

Mlkwanta

Kansaworodu Awotsoe

Apimenyim

1Atanta(Beposo)

IAsamansudo Gari, Tapocu
&atarclhmaking
making

fasipong Gari

Agons Hkwanta
Abuara
1Cape Three Points
Neuem

Asuoja

Wasea-NEkram

Peasn

Daboaei

Mpeaszem

1Ribiant
Anyinasi
INkroful
Wiawso
ITikobo

INyame

Agbelima Making
Adico

Asankragwa

1 - 31st

December Womens”

Movement. Unit
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REGION DISTRICT

FROCESSING URIT/ TYPE OF

ACTIVITY

LOCATTION
Volta Ho Epenoe
Takla Ghogame
1Takla Tokor
Hodszo - Ga
1Hodzo Aviepe
Hodzo Achinse
Hodzo Kope
Abutia Teli
, Adaklu Sotn
Akrotu Yevicwefe
Adak o Ahunda
Boso,/ Kpod-i
Adak1u Ablornua
Savinte
. Adallu Sate
Hodzosn
Dodore
Hohoe Gari Kope
Fodome
Gbhi Verbe
Have Anclo
Ve Ko loenu
Alavanva - Kpemo
Apatn
Ve - tolokwali
Ve o - Deme
1 - 3lst December Womeno ™ Movement 'Init
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DISTRICT

PROCESSING UNIT/
LOCATION

Epenoe
Takla Ghogame
1Takla Tokor
Hudzn‘— Ga
1Hodzo Aviepe
Hodzo Achinmse
Hodzo Kope
Abutia Teti
Adaklu Sota
Akrofu Xevicwete
Adak 1o Ahancda

Baoso/Kpod=i

Adaklu Ablornu
Savinfe

Adakln Safe
Hodrmoga

Dodome

Gari Kope
Fodome

Gbi Viepbe

Have Ando

Ve - Koloenu
Alavanvo - Kpeme
Agate

Ve - Goloakwali

Ve -- Deme

Alst December Womens”

TYPE OF
ACTIVITY

Gari/Aghelima Making

Movement Init
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REGION

DISTRICT

Kpando

Akatsi

Ketu

Kad,jebi

Nlrwanta

PROCESSING UNIT/
LOCATION

TYPE OF
ACTIVITY

Sevie

Tsrukpe Tola
Anfoe

Botoku
Botolku Tove
Kubdzra
Tsrulkpe
Dunve Village
Gbeti
Dagbhamntey
Torve

Abor

LGlikpome

K poxe
Akwvizve
Avenonfedo
Dzodze
Penvi
Klikor
Sasioemie
Doder Fepesn
Doda Amand rom
Agsia b

Dapnn

Dodao Dampa
Korantang
Puguroapu
Kachiebi
Dadevise
Kevi
PBrewaniase
Tinre:hae
Manco Akura
Dadiense

Jumho
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Agbelima/Gari Making

Tapioca
Gari Making

Aghelima,/Gari Making




REGION DISTRICT

PROCESS

ING UNIT/

LOCATION

Kpando

Akatsi ’

NP

Ketu

Kadijebi

Hlxwanta

TYPE OF
ACTIVITY

Sevie

Tsrukpe Toba
Anfoe

Botoku
Botoku Tove
Kubdzra
Tsrukpe
Dunyo Villag
Gbefi
uDigbamatey
Torvg'

Abor
Glikpome
Kpoxe

Akwave
Avenofedo
Dzodze

Penyi

Klikor
Sasiemie
Dodo Fepesn
Doda
A=t
Dapna
Dodo Dompa
Koranlane
Pusurupu
Kachiebi
Dadevice
Kevi
Brewaniase
Tingease
Manao Akura
Dadiense

Jumbo

Agbelima/Gari Making

e

Tapioca

Gari Making

Agbelima/Gari Making

Amant rom

"
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, ‘
REGION DISTRICT " FROCFSSING UNIT/ TYPE OF
LOCATION ACTIVITY
Kete-Krachi Boraes No.2
South Tougu o Apave Afedome
Larve "
Fieve
vSongnre
North Tougu Avetai
Mafi-Kumase Agbkelima/Kokonte/
Gari making
Anlo " Mafi-Deveme Tapioca/Agbelima
Starch Biscuits
making
REGION DISTRICT PROCESSING UNIT/ TYPE OF
LOCATION ACTIVITY
Northern Damongo Achubunyo Gari Malking
Kanato Kokonte/
Gari Making
Laribanga
Soalepe
Damongo Town
Kprandai Women Gp. Gari Making
Mankango Kokonte/
Gari making
Katejeli
Fubaimata
Kubiamata
Kanbonwule
Bimbila Wulensi

Gari/kokonte making
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REGION DISTRICT PROCESSTNG UNTT/ TYPE OF
LOCATTON ACTIVITY

Kete-Krachi Revrves Mol D
South Tougua Aprevses AFescdome
Larve

Fieve

Sopakope

North Tougu Avetai
Mati-Kumaae Asbelima/Kokonte/
Gari making
Anlao Mafi Deveme Tapioca/Agbelima
Gtarch Biscuits
malking

REGTON DISTRICT PROCISSTNG UNTL/ TYDPE ofF
LOCATTON ACTIVITY

Northern Damongo A-hulbuanyo Gari Making

Kanat o olonte,/
Gari Mal ing

Laribannn
Seva e
Damonro Town
Kpandai Women Gp.  Gari Making
Mankanso Kokonte,s
Gari making
Kntejoll
Fubaimata
Rubiamata
Rambonwule
Pimbila Walenai

Gari ‘kokonte making




Annex 5

DIAGRAMS OF SOME LOCALLY-PRODUCED EQUIPMENT
USED IN ROOT AND TUBER CROPS PROCESSING

Wooden Frame

Perforatleqg
Metal Sheet

Fig. Haﬁd—held.grater-
(Traditional)
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Clrcular disc cassava grater

Fig.
(Vertical acting)
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Fig. Cylindrical/drum cassava grater
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Fig. Cylindrical/drum cassava grater with_
wooden frame Lot e )

(Agricultural Engineering Dept., UST, Kumasi)

155




Fig. Cylindrical/drum cassava grater
with wooden hopper - v

(Food Research Institute, Accra)
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‘Circulaqhisc cassava grater

Fig

(Adricultural Engineers Ltd., Accra)
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cement bloucks

Wooden/piece

Bog containing
dough

SStone

Fig. Cassava press (traditional)
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Pressed sack

O

emglonts |

Fig. Cassava screw press
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‘*/)//’/,,.movable screw

5 - |
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Fig. Cassava screw-cum plate press
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‘Fig.

Cage or basket cassava screw 'press

-, UST, Kumasi)
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. < >

Fig Cassava screw-cum plate press
with housing unit
(Fopd' Research 'Institute, Atcra)
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Fig. Gari Roasting Pan
' (Traditional)
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Fig. Woodmstirrer Fw Toast':nj

Brick or

rmud wall

, Sheetjﬁetol
roasting wray

|
_JfriJ_ " Woodfuel inlet 1 1

Fig Gari roasting unit
(Agbensﬁod Engineering Co. Ltd, Accra)
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Chimmay

Roasting pan

Fig,

Gari roasting wpil

(Agricﬁltural Engineers Ltd., Atcra).
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Annex 6

MANUFACTURERS

OF
LOCALLY PRODUCED EQUIPMENT USED IN ROOT AND TUBER CROPS
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LOCALLY-PRODUCED EQUIPMENT USED IN ROOT AND TUBER CROPS PROCESSING
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Annex 1

Criteria for Assessment of Cassava Varieties

:

2.

3

Morphological characteristics of the varieties.

Evidence of field performance

(a) How variety fits in the farming systems.
(b) How the variety fits in the target zones.
(c) Yield
(i) Data on, 2 cropping years on station and 2 cropping

years on-farm (making 4 cropping years).

(ii) Data from 5-10 locations in the major agroecological
zones.
(iii) Data with respect to wet and dry matter.
(d) Reaction to major pest.
(e) Reaction to major diseases.

(f) Storage/sprouting of the planting materials.

Evidence of consumer acceptance

(a) Food (fufu/ampesi, agbelima, gari, kokonte, etc.)
(b) Industrial uses (starch, glue, glucose, etc.) s
(c) Animal feed (root, peels, leaves, etc.)

(a) Safe HCN levels.

Biochemical properties
(a) HCN content
(b) Nature of starch

(c) Fibre content.

Socio-economic data

(a) Marginal rate of returns
(b) Urgency for release
(c) General advantage.

Data presented by researchers on the Four new cassava
varieties and Local Ankra serving as control.
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. Annex g o

o

METHODOLOGY FOR THE TRANSFER OF CASSAVA STORAGE TECHNOLOGY
/

In order to facilitate the technology transfer, a methodology needs

to be mapped out.

In this regard consideration should be given to the following:

1.

2
3.
4

Harvesting - when to harvest and how to the harvest
Sorting and grading of the harvested roots
Transporting of sorted and grated roots

Storage - in baskets, wooden crates and underground.

Harvesting

When to harvest

Harvesting should be done when the roots are fully mature
and in relatively dry weather to facilitate removal of
adhering soil particles. Depending upon the variety the
cassava should therefore be harvested between 6-7 months,
9-10 month, or 12-13 month for the 6-month, 9-month, and
12-month variety respectively.

Early harvesting of the cassava roots, results in low

yields and poor eating qualities.

Late harvesting of the roots exposes them to pests
attack, makes them woody and fibrous and ties land

unnecessary to one crop.

The roots should not be harvested soon after rains or
when the soil is too wet. At this time the roots have a
high moisture content which makes them difficult to store
and would have sticking on them wet soil particles
(especially if the soil is clayed) making the roots
difficulty to clean.
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How to harvest

The cassava roots should be uprooted by carefully
loosening the soil around them by means of a cutlass or
preferably a wooden tool to reduce root damage. Next
slowly pul]l the plant avoiding dragging the roots to
prevent Dbruises and cuts which may 1lead to early

deterioration of the roots.

In separating the roots from the stem use a sharp cutlass
or knife and cut each root as close as possiblé to the
stem. The individual roots should not be broken off
because this method can also cause root damage.

After harvesting the roots should be kept in a cool shady
place such as a tree and should not|ieft in the sun as
too much heat causes high weight 1loss and early
deterioration.
Sorting ’
Damaged roots should be separated from undamaged ones, and the
small ones from the big ones. The damaged roots should not be
stored because they would deteriorate. They are to be used at

once. The small ones are also to be used.

Transporting sorted and graded roots ‘

The roots should be transported from the field to the storage
area in baskets suitably lined with leaves and capable of
holding 30-50kg of roots. The filled baskets should be
handled with care. If possible jute sacks should not be used
for transporting the roots as there is always.the'tendency for

the roots to get bruised or damaged.
Storage

The undamaged roots can be stored in (1) baskets, (2) wooden

crates, and (3) soil (underground).
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Storage in baskets
Baskets to be used in the storage of the roots may be

lined with plantain leaves or other suitable leaves. The
roots may also be cured in moist wood ash for two days

before storing.

The following procedures may be followed in the storage

method:

1. Measure a quantity of saw dust, or wood shavings into a
metal container.

2 Add water, by sprinkling, equivalent to one-half of the
weight of the saw dust or wood shavings. ,

3. Mix thoroughly after each sprinkling, to obtain a 50 per
cent moisture content.

4. Place 3cm thick of the moist medium at the bottom of the
basket. Preferably the bottom of the basket and the
sides can be lined with suitable green leaves.

Sis Arrange in alternate layers cassava and 1.5cm thick moist
medium.until the basket is nearly full.

6. Cover the topmost layer of the roots with 9cm thick moist
medium.

7. To prevent surface desiccation, the top of the medium may
be covered with suitable green leaves.

8. Keep the filled baskets in a dry cool ventilated place.

Storage in Wooden crates

Any size of wooden crate can be used to store small
quantities of cassava roots. A craté 45.7cm (1.5ft)
wide, 6lcm (2.0ft) long and 30.5cm (1.0ft) deep can
accommodate about 20kg cassava packed in moist sand or

moist saw dust. Each crate should ha§e a wooden cover.

’

The following procedure may be followed:

1

Obtain 50 per cent moist sand or moist sawdust using 1-3
as in basket storage method.

Line the crate first with newsprint or newspaper.
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Line the bottom of the crate with 3cm thick of the moist
medium.

Arrange in alternative layers cassava and 1.5cm thick
moist medium until the crate is nearly full.

Cover the topmost layer of the roots with 9cm. thick
moist medium.

Cover the crate with its wooden cover.

Keep the filled crates in a dry cool, well ventilated
place such as a bamboo shed with thatched roof.

In the storage shed the filled crates should be placed on
20cm. high raised platform made of wood or bamboo and
which can support their weight. The crates should be
arranged in such a way as to allow enough air to

circulate around them.

Storage in Soil

The following procedure may be followed:

1. Select a 'suitable storage site which should be
well-drained, preferably shaded and slightly
sloping.

2. In the selected are dig trenches measuring 1lm wide
and 30-40cm. deep as shown in Fig.l. Dig the

trenches in such a way that their lengths will be
running down hill. At the lower end of the trench
make.

a. Drainage channel which should be. at least 20cm wide
énd 5-10cm deeper than the storage trench as in
Fig.2. Vary the length of the ttench according to
the quantity of roots to be storéd.

Js Arrange mature, undamaged cassava roots inside the.
trenches. Cover each layer of roots with soil
preferably river sand or seasand. Clay loam may be
used if it is not too wet. On no account should
you use heavy wet clay to cover the roots because

this type of soil could just enhance deterioration.
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Annex 9°

*BUILDING AN IFPROVED DRYING AND STORAGE CRIB

" LIETHOD I

CAPACITY, LOAD AND CORRESPONDING FIELD AREA FOR DIFFERENT SIZE OF CRIBS

Crib width, m 0.6 1.0. 1.5 2.0

A
B Lenght of one section, m 1.6 1.6 - 1.6 1.6
C Capacity for husked maize, m3 1.3 2.2 3.3 4.5
D Field area corresponding 500 kg/ha 0.86 1.5 2.2 2.9
;E_ to the drying capacity 1000 kg/ha 0.43 0.7 1.1 1.5
_Fin C. Hectares for diffe- 2000 kg/ha 0.22 0.35 0.55 0.73
G rent yields of shelled maize 3000 kg/ha 0.14 0.24 0.37 0.49
H Weight of husked maize, kg per 730 1230 1850 2520
30% MC . section
A
I Load on the corner <" kg per cor- 280 410 560 730
posts ner post
J Load on the section kg per sec- 560 820 1120 1460
posts (3.2 m Tong crib) tion post '
K  Uniformly distributed load 3600 6030 9070 12360
on one beam, Newton, N
L Maximum external bending 720 1206 1814 2472
moment on beams, N - m L
Diameter of a log (beam)
cm cm cm cm
M 5 N/mme 11.5 13.5 15,5 171.5
T Maximum permissible tensile ’
N 10 N/mm2 9.0 11.0 12.5 13.5
T stress after the safety
0 . 15 N/mmé 8.0 9.5 11.0  12.0
" factor has been incorpo- ;
P 20 N/mm2 7.5 8.5 10.0 11.0
rated
Q 30 N/mni2 6.5 7.5 8.5 9.5

Figure 7.4. Capacity, load and corresponding field area for different size of
cribs.

For 1 and J, the weight of the structure is included by 100 kg/caor-
ner post and 200 kg/section post.

*FAO Agricultural Services Bulletin 66
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Example 7.1. Question: What is the minimum diameter of a log-beam in
a 1.0 mwide and 1.6 m long crib? The 1og has a tensile
strength of 70 N/mm2. By introducing a safety factor of
7,2the maximum permissible stress for the log is 10 N/
mmé ,

From the table, Figure 7.4 1ine N, the minimum diameter
is found to be 11 cm.

Table 7.1. Approximate soil bearing capacity
Peat < 0.5 kg/cm?
Soft clay (wet clay) 1 kg/cm?
Dry sand 3 kg/cm?
Gravel 6 kg/cmé
Rock . 8 kg/cm?
Table 7.2. Average bending strength of timber from different tro-

pic species.

Average maximum

‘Species Origin bending strength,
, N/mmé

SOFTWOODS

Pine South America . 98

Pine, Radiata Kenya 85

Podo Kenya 82
HARDWOODS

Abura West Africa 83

Afzelia Tanzania 97

Albizia West Africa 105

Alstonia Uganda 59
Araracanga Brazil 132

Bonak British Honduras 79

Camphor wood Kenya : 92

Iroko West Africa ‘ 90

Mchenga Tanzania 147

Mugongo Zimbabwe 17

Muniga Tanzania 94

E. List of _ When purchasing the materials and during the erection of
materials the crib, it is very important to note and follow the

dimensions and measurements shown on the drawings and
‘given in the description for each crib component and in
Figure 7.4.
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Materials

Alternatively, the crib can be constructed entirely from
home grown materials, available on the farm or in nearby
forests, with a pitched roof thatched with grass, papy-
rus of palm leaves as shown on drawings No. 9-10-11,
leaving the farmer to purchase only wire and nails.

Below is a 1ist giving the most commonly available mate-
rials and for which purpose they can be used:

Main posts: “BambGo (unsplit)

Blue gum (eucalyptus)

Wattle

Sawn timber!

Mangrove posts

Cedar

Any type of hardwood - rot and ter-
mite resistant for the lower main

posts.
Beams: Same as for main posts
Rafters: oo !
Purlins: eerooom !

Wall supporters:

Floor sticks/poles: Same as for main posts
Sisal flower stems (unsplit)

Wall sticks/poles: Same as for main posts

Sisal flower stems (unsplit and
split) :

Bamboo (unsplit and split)

Roof: Galvanized corrugated iron sheets
Grass | ) High
Papyrus ) pitched
Palm leaves (Makuti) ) roof only
Rat guards: Plain galvanized iron sheets

01d tins.

Materials not Tisted can of course be used as alternati-
ves to the ones Tisted as long as they have the same
strength. A combination of. the different materials is
also possible. Note that all bark must be removed from
the timber before being used for the crib.

184




LIST OF MATERIALS FOR ERECTION OF A TWO-SECTION (3.2 m 1059) RECTANGULAR CRIB

Dimensioning 0.6 m Crib 1.0 m Crib 1.5 m Crib 2.0 m Crib Total Total
STRUCTURAL COMPONENTS or quality Length Length Length Length Qty. Price
’ Nos. m Nos. m Nos. m Nos. m

Lower mainposts min @ 12 cm - - - - - - 6 1.60
Beams - _see fig.24” - - - - - - 2 3.50
Upper main posts, front min @ 10 cm - - - - - - 6 220

- - - , rear - - - - - - - 6 1.75
Rafters - min @ 8 cm - - - - - - - 3 2.10
Purlins min @ 6 cm - - - - - M 2 4.00
Wall supporters, facade min @ 5 cm - - - - - - 5 3.50

- - , gables - 2 0.80 2 1.2 2 1.70 2 | 2.20
Wall diagonals, facade - - - - - - - 4 2.50

- - , gables - 2 0.85 2 1.4 2 2.20, 2 2.80
Roof diagonals - 2 2.10 2 2.3 2 2.60 2 2.30
Floor sticks min @ 5 cm 31 0.95 31 1.35 31 1.85 31 2.35
Wall sticks, front - - - - - - - 58 2.20

- - , rear - - - - - - - 58 1.75

- - , gables - 22, 2.30 36 2.30 54 2.30 72 2.30
Corr. roofing sheets gauge 30 7 1.6 7 2.0 7 2.5 -~ 3.0
Galvanized plain wire gauge 10 - - - - - - 13.5
3" nails, kg 5
4" nails, kg 1
5" nails, kg 1
1" staples, kg 0.5
Nails for roofing, kg - 0.5
Wood perservative 5
Rat guards, plain iron sh. gauge 30 6 1.9

Footing

A bar (-) in the table indicates numbers or length equivalent to the 2.0 m crib
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. BUILDING THE CRIB

Selection of site

Before erection of the crib can take place, a suitable
site has to be selected and in this connection the fol-
lowing points should be in mind:

The wind' Ve1oc1ty and frequency of the wind is,

, the most important factor for a good
drylng performance of the crib. Thus an ideal site is
fully exposed to the wind. Furthermore, the site
should be of a size that the crib can be placed with
one facade facing the prevailing wind - or perpendicu-
lar to the direction from where the wind occurs when
drying maizein the crib.

Insect reinfestation of the maiz¢ from the field can be

reduced by erecting the crib a good distance from the
fields.

Rodent control: Keep the site and nearby area free of

grass, bushes, waste madwe and lodging water.

Making out the holes for the main posts: (Drawing No.

I). After selection of a suitabTe site, the next step
is to set out the centre of the holes for the main
posts. One way to mark out the centre points is with
strings suspended between wooden pegs hammered into the
ground and is shown in perspective on draw1ng No. 1.
The centre points are marked with wooden pegs hammered
into the ground just under where the strings cross each
other. The strings are then removed and the circumfe-
rence of the holes, diameter minimum 30 cm, can be

- marked on the ground with the pegs as centre points.

Erection of
the main frame

Digging the holes: Following the marks the holes are
dug out to a depth of minimum 60 cm in good soil, high
load bearing strengths, and 70 cm in soft soil, low
bearing strengths. If the soil condition allows it the
sides of the holes should be vertical.

Footing: The soil-bearing capacity and the correspon-
ding footing area may be verified from the data 1in
Figure 7.4 and Table 7.1. The load bearing area must
be enlarged either by placing a big flat stone in the
bottom of the hole or casting a concrete slab, ratio
1:4:6.

By dividing the main posts into a lower and an upper
part, it is possible to use rot and termite resistant
hard wood for the Tower main posts which often are dif-
ficult or very costly to obtain in long lengths. Any
available type of wood can be utilized for the upper
part.
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Drawing No. 1. Marking out the holes for the main posts of a 150 cm wide
' crib in 2 sections. All measures in cm.
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Drawing No. 2. Erection of main posts and beams of a 150 cm wide crib in
2 sections. All measures in cm.
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Impregnation: Two coats of wood preservative should be
applied to the part of the posts which are going to be
placed into the ground even if rot and termite resistant
hard wood is used, By admixing the wood preservative
and the soil used for backfilling with a chemical suit-
able for termite control, a higher level of protection
can be obtained.

Erection of the lower main posts: (Drawing No. 2).

When pTacing the posts, great care should be taken to
ensure that the posts are in line, centred in the holes
and the distance from the posts to the sides of the
holes should be no less than 10 cm all the way round.

Backfilling: (Drawing No. 2). When the posts are pla-
ced in position the backfilling can take place. It
should be noticed that the quality of backfilling does
have a major influence on the stability of the crib,
and the materials used for the backfilling should be
selected according to the soil condition. In sandy or
black cotton soil, concrete ratio 1:4:6 or soil cement,
ratio 1:8, should be cast in the bottom of the hole and
around the posts. In good soil, when the sides of the
holes stand” smooth and vertical, a slightly damp well
graded soil without stones or 1lumps can be used as
backfilling material. The backfilling should be placed
in layers of 15 cm at ‘a time and the soil compacted
firmly in between the layers - care must be taken to
ensure that the posts are kept absolutely plumb.

Beams: (Drawing No. 2). When the lower main posts are
firmTy placed into the ground, mark out the heights of
the posts, minimum 90 cm above ground level. Note that
on sloping ground, mark the height on the post on top

"of the slope and transfer the height horizontally on to

the rest of the posts. After marking, cut the posts
according to detail A on drawings No. 2 and No. 5. Note
that if an alternative method is used, the dimensions
of the beam at the joint must not be less than 10 cm.

After the main posts are cut into the right height
the beams are placed on top of the posts and nailed
with two 5" nails per post, one from each side of the
beam. ' .

Joining of the beam: It might be necessary if timber
of the right Tengths cannot be obtained or the crib is
made up of several sections. The joint should be made
as a half joint and placed over one of the main posts,
detail B on drawing No. 2.

Erection of upper main posts: (Drawing No. 3 perspec-
tive view, No. 4 for cross sections and No. 5 for con-
nection details). After the beams have been installed
and secured, erection of the upper main posts can take
place. This can be made easier if the posts are cut to
the right lengths before erection.
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Erection of main frame on a 150 wide crib in 2 sections. Perspective view.

sheet roofing.

Drawing No. 3.

A: Mono-pitched roof meant for corrugated metal
B: Couple-roof meant for thatched roofing.

A1l measures in cm.
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The walls

Place the upper main posts on the beams in extension
of the Tower posts and secure with two 4" nails per post,
one from each side, into the beam. Line the upper posts
up in plumb and secure plumb with wall supporter and
diagonals. To fasten the supporters use two 4" nails
per post.

To further to secure the connection between the main
posts and the beams, fix on both sides 10 gauge galvani-
zed wire with 25 mm staples to the upper post across the
beam to.the lower post, see detail A on drawing No. 5.

Erection of rafters and purlins: (Drawing No. 3 per-

spective view, No. 4 for measurements and No. 5 for
details). After erection and securing of the upper
main posts nail the rafter to the top end of the main
posts with two 5" nail per post, one from each side,
and secure the rafters to the main posts, detail C on
drawing No. 5, with 10 gauge galvanized wire fastened
with 25 mm staples. Cut the purlins into the right
length and nail them to the rafters with two 5" nails
per rafter, one from each side. Stabilize the crib
with one @ 5 cm roef diagonal, per crib section, placed
as shown on drawing No. 3, nailed to the rafters with
two 4" nails per rafter.

Insta111ng the crib floor: (Drawing No. 6). Select

the best sticks for the crib floor, diameter not less
than 5 cm, and the sticks should be as straight and
even as possib]e. Remove all the bark and cut the
sticks into lengths., Place the first floor stick
firmly up against the main post, same overhang on each
side of the crib, and nail the stick to the beam with
one 3" nail per stick. Place the next floor stick
maximum 5 cm apart and parallel to the first stick.
Note that if the spacing exceeds 5 cm, the maize cobs
are likely to fall through the floor. These are conti-
nued up to the next main post, where the last floor
stick is placed firmly up against the post. The second
floor section is laid out in the same way as for the
first section, and so on if there are more sections,
i.e. in a 1onqer crib.

Close the larger spac1ng between the floor sticks,
developed at the middle main posts, with a floor st1ck
resting on two supporters nailed on to the beams. Only
applicable for cribs with two sections or more.

Installing the inner walls: (Drawing No. 6). The walls

are buiTt up as doubTe walTs, with one row of wall sticks
on each side of the wall supporters, in order to prevent
the rain from wetting the maize and to keep them from
view.

Place the inside wa]] sticks, at the facades, in the
gap between the floor sticks so that they rest on the
beams. It might be necessary to chop off the wall
sticks to make them fit the gaps, and after checking
the plumb and the spacing, nail the wall sticks to the
wall supporters with one 3" nail per supporter.
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Drawing No. 4. Cross-section corresponding to drawing No. 3.
A1l measures in cm.
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Details A and C, connections between main posts - beams and

rafters.
A1l measures in cm.

Drawing No. 5.
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Orawing No. 6. Installing crib floor and double walls.
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At the gables, place the wall sticks in the space be-
tween the first and second floor stick with a maximum
spacing between the sticks, see drawing No. 6, and nail
the sticks to the wall supporter with one 3" nail per
supporter.

Installing the outer walls: (Drawing No. 6). Nail the
outside wall.sticks to the wall supporter with one 3"
nail per supporter in such a way that the outer sticks
cover the gaps between the inside wall sticks.

Wall openings: (Drawing No. 7). The crib is provided
with two openings for loading and unloading, one in the
gable, at floor level, for loading and removal of the
maize, and one under the roof in the highest facade,
for loading and for inspection of maize during drying.

The door: It is designed in such a way that in can stay
closed without any locking device, and open as a top
hinged door, or be removed completely. For security
the door can be locked with a chain turned around the
bottom doorledge and the wall supporter and locked with
a padlock.

When constructing the door, the pattern of the sticks
on the door has to be changed so that they fit into the
daps between the wall sticks. It might be necessary to
adjust the dimension of the sticks on the door to make
the door work satisfactorily, see drawing No. 7 for

details.
The roof and Roofing: (Drawing No. 8). The crib described is desig-
the rat guards ned with a 159, one-way sloping roof of 30 gauge galva-

nized corrugated iron sheets, laid with one corrugation
. side overlap and nailed to the purlins with six galva-
 nized roofing nails per sheet. '

As an alternative to the corrugated iron sheets, the
.crib can be covered with a thatched roof made of grass, .
papyrus or palm leaves (Makuti) but this requires the
"roof construction to be changed to a pitched roof.
Drawings No. 9 and 10 show the same crib as described
above fitted with a pitched roof.

Rat guards: They should be fitted, as high as possible,
on each Teg of the crib to prevent rodents from entering
the crib by climbing the main posts. Materials for the
rat guards can origin from old oil tins or be made from
30 gauge plain galvanized iron sheets as shown on draw-

ing No. 5.
Advantages and _The crib described on the previous pages is created to
disadvantages satisfy the desires for a simple, appropriate structure

making 1t possible to manage an early harvest of maize
in the humid tropics.
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Drawing No. 7. Installing doors in gable and facades.
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Drawing No. 8.

Completed structures.’

A:
B:

Mono-pitched roof structure

Pitched roof structure
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The advantages of this crib as compared to the traditio-
nal crib structures are:

1.

It is a strong durable structure having a lifetime
of approximately 10 years.

It is rodent and bird proof.

The opening area of the walls is nearly the double
of the void/solid ratio in the.bulk maize.

The wall structure protects the maize from sun,
driven rain and makes the stored produce non- v1s1b-
le to passing people.

It is easy to load and unload and it can be locked
to protect against theft.

Locally available materials can be used for nearly
100% of the structure.

" ”Itm@qngeyﬁgnlized for‘botuhqry1ng and . storagesofy
-different

The maintenance is reduced to a minimum.

It creates a new standard for on-farm structures.

The d1sadvantages are few but might be of 1mportance
to some farmers:

1.

The structure requires more capital investment than
the traditional structures.

The construction requires more craftsmanship.

The 0.6 m crib does not utilize the timber very
well.
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9. ALTERNATIVE STRUCTURES

A "double-narrow crib" has been proposed, see drawing No. 9.

The structure seems very promising both in terms of better uti]ization‘%f
the timber and in terms of stability. It can in fact be placed on top of
the ground on a very simple footing.

If the width - of each of the two narrow cribs in the structure is restricted
to 60-100 cm, it is very likely that the structure will perform very close
to the rectangular 1.0 m wide singular crib. .

Loading maize into these structures seems to be a 1ittle troublesome if
there are more than two sections. It is, however a problem that might be
solved during the testing period.

For dimensioning, strenght calculations and building technique, the figures,
drawings and descriptions already given can easily be adjusted.

Multipurpose In areas where double cropping is practised or other

store crops like potatoes and beans are grown, the improved
crib can be utilized more intensively by the introduc-
tion of small modifications.

~The advantages of this are:
1. The storage costs per unit of weight are reduced.

2. The number of specific structures on the farm is
reduced.

A two-section crib modified to store potatoes is shown
in drawing No. 10. The inner walls and the floor are
covered by mats.

The tray or In an attempt to boost the drying rate it has been sug-

playform gested to introduce the tray or platform either in the
beginning of the drying process, 30-20% MC, or in the.
final stage, 18-13% MC, to achieve 13% M before the .
shelling and storage. The drying rate is considerable
as can be seen in Figure 4.6, and the utilization of the
tray might cause the development of mixed drying -stor-
age systems as lined out in Figure 11.1

A}sfmp]e drying platform is shown in drawing No. 11.

Alternative Cribs can be made of almost any available local build-
materials for ing material: bush poles, bamboo or sawn timber. Where
crib structures bamboo is available, it is the obvious material for the

small farmer to use, since it is light to carry, very
strong, easy to cut and available in long lengths. Un-

1
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fortunately, it cannot be nailed and all structural
members have to be tied together. In addition, it has
a very short life and would haveto be renewed every

year.

One example is shown in drawing No. 12.
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Drawing No. 9.

"Double-narrow" crib.

201




Drawing No. 10. Crib modified for storage of potatoes.
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Drawing No. 11. Drying platform with sliding roof.
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ng No. 12. Crib built of bamboo.

Drawi
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*BUILDING AN IMPROVED DRYING AND STORAGE CRIB

Method 2

Tools and Materials

This 1s a guide. You can use what you have available. The frame is
bamboo. If bamboo is not available in your area, or if the bamboo in
your area is attacked by insect pests, use wood that is resistant to
termites or any other pests. Lash it together the same way you would
lash bamboo.

For the building frame (all bamboo or substitute):

(a) 3 vertical supports, 3 1/2m long, with V-notches and lashing
slots in one end of each one

(b) 3 vertical supports, 3m Tong, with V-notches and lashing slots
in one end of each one

(c) 2 horizontal roof gupports, 2 1/2m long
(d) 2 horizontal platform (floor) supports, 2 1/2m Tong

(e) 6 vertical platform supports (with V-notches in one end of each),
1 1/2m long

(f) 6 notched horizontal width spacers, 70cm long

(g) 25 poles, 95cm long, for the platform surface

For the.wall bracing and covering (raffia, small bamboo or other wood) ¢

(h) 8 cross braces (optional if frame is very strong):
. 4 must be about 2 1/2m long
. 4 must be about 1,70m long

(1) 8 wall supports, 2 1/4m long
(3) 8 wall supports, 1m Tong
(k) raffia or other strong slats for the wall covering. Tie these

together into a,mat. The finished mat should be about 6m long
and 1 1/2m high. :
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For the roof (all bamboo or substitute, except for purlins, and:roof
covering and loading cover):

(£) 2 horizontal pieces, 3 1/4m long °

(m) 3 cross pieces, 1m long

(n) 2 angle braces, 1m long

(o) 7 purlins, 3 1/4m long. Six of these will be lashed across
the cross pieces to support the rpof covering; one may be
attached to the front loading cover.

(p) raffia mat or grass for thatch to cover the roof, and also for
the front loading cover. You will need a horizontal piece at
least 2 1/4m long to weave the loading cover material onto -- it
need not be bamboo or of a large diameter.

11,
For rat guards (See page 9;),

For the lashing material:

(q) You will need.p]énty-of rattan, rope or tie vine for lashing
all the wood pieces together. )

~

Find a good site for your storage crib. Keep the crib away
from the fields. This stops insects from flying to the drying
grain from the fields.

1. Select a site.

2, Prepare your materials.

Collect all the materials you will need.

Make V-shaped notches in one end of each (a) & (b)
of the three 3 1/2m vertical supports (a), :

and cut some grooves on each side just

beneath the notches to provide a hold for ' r==%'
the lashing there. Do the same on one end [
of each of the three 3m vertical sup-

ports (b).
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Make V-shaped notches in one end of Q@?ﬁ
each of the six 1 1/2m vertical (e)

support posts (e). ( _
>) | ]

A SR e

Make holes all the way through

‘<;::;// " each end of all six 70cm
§§§;// (f) horizontal spacers (f).

£

i
!‘11
B\

L

Organize all the pieces, or mark them with the appropriate ‘ i

.letters, so you can find them quickly during construction. ﬁ

&

.

Make holes in the ground for the Tegs. &

Mark spots for holes for the vertical supports (legs)(a) and
(b) on the ground. Make a mark for the first hole; measure
Tm and make another mark. Measure Tm from that mark in the
same direction and make a third mark. You should now have

3 marks in a straight 1ine. Each mark will be the center of
a hole.

Make three more marks, each 1m apart, in a line parallel to'
the first line and 75cm away. Each of the three new marks

should be directly opposite one of the first marks and 75cm
away.

Dig six holes, each centered on one of the marks. Make the
holes 50cm deep and wide enough so that two vertical supports
will fit down into each one.
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4, , Erect the vertical supports.,

Lay the three 3 1/2m vertical
supports (a) on the ground

Im apart, with their ends

1ined up. Lash one of the

2 1/2m horizontal roof supports
(c) to the notched ends.

Lay the three 3m vertical
supports (b) on the ground
in the same way and lash
the other horizontal roof
support (c) to the notched
ends.

. Place the two assemblies
into the holes.

5. -Erect the vertical platform supports. ;

Place the vertical platform
supports (e) into the holes
on the insides of the vert-
ical supports you have
placed in the holes. Make
sure the V-notches are H
facing upwards.

Tie the platform supports to
the longer supports temporarily —
until the next step is
completed.
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6.

Install the platform support framework and make the structure

rigid.

Place the two horizontal
platform supports (d) in the
V-notches of the platform
supports.

Lash three of the notched
horizontal spacers (f) to the
vertical supports (a) and (b),
across the width of the crib.

Level and square the framework.

Fi11 the holes around the ,
vertical supports with smail

stones and soil. Tamp down
firmly.

Lash all joints tightly.

Finish the platform.

Lash the twenty-five
95cm poles (g) next
“to each other on the
horizontal platform
supports.. This forms
the platform.

208

.
Z

LY ST SR

=2

Ak

q_

Nraki, 3

i il
=2y

SR

s

2
5 b S

N

&3

o .
e BT Sd

Y R

P Lo
RS e, &t S el
VL A Ve s BaEda

TS

i
T

-
.

LA A U

.
=

PO
PRI SR

AL

esiern T e
ot L i

.
Rlasd 22

s

Tesivy s

3

‘QJ‘_“'.
L I Y

-
R )
X gl

LR Y
TR,




W,&, )

e

R ]

e

[ENPIE ana’{ﬁrﬂ

v TR
N "'gw(;\{;ﬁs\.-.

Install the cross braces.

If you think the frame is not
sturdy enough by itself, lash
the cross braces (h) loosely
to the vertical supports on
the outside of the crib.

The 2 1/2m cross braces are
paired on the long sides of
the crib, and the 1,70m cross
braces are paired on the

ends of the crib.

Each brace should extend from
somewhere near a top corner
to somewhere near the oppo-
site bottom corner. Leave
room for a loading cover on
the higher side of the crib.

Make sure the frame is straight
and even. Lash the braces
securely.

Install the wall supports and wall coveriﬁg.

Lash four of the 2 1/4m wall
supports (1) to the vertical
supports along the inside of
one of the long sides of the
crib. Lash the remaining four
supports to the inside of the
other long side of the crib.

Lash four of the 1m wall sup-
ports (j) to the vertical
supports along the inside of
one end of the crib, and four
of them along the inside of
the other end.

Lash the already-prepared wall
covering, ém x 1 1/2m (k), to
all the wall supports on the
inside of the frame.
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10. Build the roof.

3
3
3

l

roof is placed on top of the frame, the

‘Call the high side of the crib

the front and the lower side
the back.

Measure the distance between the

'_ centerlines of the front and the

back horizontal roof supports (c)
which are lashed to the tops of

the vertical supports (a) and (b).

Lay out the two 3 1/4m horizontal
roof pieces (£) on the ground so
their centerlines are the same
distance apart as the measurement
you have just made.

Lash the three 1m cross pieces
(m) on top of the horizontal
roof pieces, Im apart. When the
cross pieces should cross over

the ends of the vertical supports of the frame.
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Lash the two 1m angle braces (n) to the horizontal roof members so

that they extend diagonally across the

two spaces in the roof frame.

Lash six 3 1/4m purlins (o) on top of the three cross braces so that

they extend longways along the roof frame.

Lash the first and last

purlins near the ends of the roof cross braces.

Lash raffia mat in overlapping layers to the roof f}ame.
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11. Install the roof.

Place the roof on top of
the frame as shown
(Tooking at the end).

Lash the roof in place.

12. Make and install a
front Toading cover.

Lash raffia mat to a 2 1/4m
long bar to form the front
loading cover. The mat should
be made large enough to hang
_down beyond the top edge of
the wall covering when the bar
is lashed in place up under .-
the front edge of the roof.

Lash the bar holding the raffia mat up under the front horizontal
roof piece.

13 The crib is ready for use.

1

Load the crib. Lash down the bottom corners of the loading cover
to the frame during drying and storage. X
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Rat baffle or guard

Materials and Equipment

*

1 flat tin sheet (30 gauge, 0.9 x 2m)

1 pair tin shears or sharp chicel

1 hammer

Chalk, charcoal, or large nail for drawing baffles on tin sheet .

25, 4-6¢cm nails (You will need 5 nails for each baffle)

Baffles should be about 50cm in diameter at the narrow end.

will vary with the size of the leg which the baffle must fit.

The size

. Mark out baffles on tin sheet with chalk or charcoal be-

fore cutting them out.

. Cut out along the outside edges. Do not cut the middle yet.

. Start with the thinnest leg first. Cut out the hole in the
middle of the baffle 1ittle by Tittle. The baffle must fit

tightly to keep even the smallest rodent 'from climbing

between the baffle and the leg. If the hole in the baffle

gets too big for this leg, use it on a fatter leg.

. Nail the baffle tightly to a wooden leg. Use cement mortar

to fasten the baffle to a concrete leg.
. Cut out and fit all the baffles in the same way.

. Make wooden legs round,if they are not round already.

the middle hole of the baffle to fit a concrete leg which

is not round.

NOTE: You can use whatever thin metal is available.
"be cut and flattened.
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Below is a pattern for a rat guard to be cut from a piece of tin or a
flattened tin can. This piece is cut out and bent to form a cone with
a hole in the center. It is fastened around the leg of the crib or
storage building and attached to the leg with nails or wire.
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PORTE OUTIL R+ 2AL TINKABI
TINKABIPOWER SYSTEMS

— Construction simple, robuste et de bon fonctione-
ment garanti, spécialement congu pour faire face aux
conditions ardu du continent alricain.

- Etant une automotrice de fonctionnement universel
el porle outils convenant a un grand nombre d'u-
sages tant ruraux qu'industriels

- Pourvue d'un levier unique pour marche avant ou
arriere et pour le changement de vitesse, la machine
ne requiert qu'un mintmum d’entretien d'ailleurs trés
simple. Elle peut donc étre vilisée avec un maximum
d’efficacité et en toutes circonstances.

Avantages speécifiques

- Moteur diesel efficace, de rendement éprouvé,
renommeé pour sa basse consommation en carbu-
rant )

- Conduite aisée due au systéme de propulsion hydro-
statique étanche, varié a l'infini.

~ Pneus et!roues agrotraction spécialement congus
pour le labourage. :

—- Une benne large idéalement posée pour le transport
ae personnel, de machinerie, de produits et de
matériaux de toute sorte, etc.

- Attelage a trois points (Categorie ) pour rélevage
hydraulique & I'action rapide, pour machines agri-
coles montées.

- Equipment  électrique
lumiéres.

— Parasol de protection.

complet, 7 installé,

- Courroies auxiliares pour faire entrainée diverses
pieces d'équipement supplémentaires telles que:
marteau-broyeur, pompe de I'eau, scie circulaire

- Hauteur de passage sous pent élevé combiné avec
large empattement idéal pour culture interlinéaire.

- Le large empattement' renforce la stabilité¢ de la
machine en bordure de dénivellations.

Caractéristiques

Moteur: Diesel 3 cylindres & injection directe,
refroidessement 3 I'eau développant 31 kW a 2000
t/mn pourvu d'un alternateur et d'un démarreur —
filtre a aire a deux eléments de grande capacité et
prefiltre centnfuge. Radiateur tropical avec ventila-
teur en poussé

Transmission:Hydrostatique,
viduelles

roues motrices indi-
Pompe: A piston axial avant-arriére, bi-directionnelle
a débit vanable Levier de controle manuel — débit:
72 litres par minute 8 2000 U/mn. Pression maxi-

avec
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- Simple, rugged, reliable power unit specially deve-
loped for the arduous African conditions.

- Universal prime mover and tool carrier ideal for wide
variety of rural and industrial applications.

- One lever operation forward, reverse and speed
change together with low and simple maintenance
ensuring best utilisation in all conditions.

Benefits and features

- Reliable, efficient proven diesel engine renowned for
fuel economy.

— Infinitely variable sealed hydrostatic drive ensures
ease of operation. '

— Agricultural traction tyres and wheels for tillage appli-
cations.

—Large transport platform ideally suited to carry
people, implements, produce, materials, etc.

- Fast operated three point hydraulic lift linkages
(Category 1) suitable for standard agricultural
implements. '

- Full electrical system with lights.

— Sun canopy for protection.

- Auxiliary belt drives to power various ancillary equip-
ment such as hammermill, water pump, circular saw
and spraying equipment.

- High clearance wide wheel based unit ideal for inter-
row cultivations.

— Wide wheelbase ensures side hill stability.

Specifications

Engine: 3 Cylinder direct injection waler cooled diesel
engine developing 31 kW at 2000 e.r.p.m. Equipped
with alternator and starter motor. Large capacity
dual element, dry air cleaner with centrifugal pre-
cleaner. Tropical radiator with pusher fan.

Transmission: Hydrostatic, with drive motor on
each wheel.

Pump: Bi-direction axial piston variable displacement.
Hand control lever. Displacement at 2000 r.p.m.,
72 litres per minute. Maximum pressure 240 bars.
Integral drive from engine. Pump maximum speed
3900 rp.m.

Motors: SL 150 radial five piston with 4 - 1 epicyclic
reduction gearbox for direct wheel mounting. Maxi-
mum torque oulput 219 kgl/m at 300 bars. Horse
power outpul per motor at 219 kgl/m 14,8. Molor
gearbox capacity 0.25 litre SAE 90 EP gear oil.

Filter: 10 Micron cartridge type.

Steering: Recirculating ball type. 17 : 1. All joints




mum: 240 bars. Force motrice fournie intégrale- lubricated rose bearings and nylon self lubricating

ment par le moteur. Vitesse maximum de la bushes for king pins and axle pivot. B

pompe: 3900 t/mn. Hydraulic lift: Lift capacity unballasted: 860 kg
Moteurs: Tipe SL 150 radial, cing pistons, boile de Ballasted on front wheels up to: 1300 kg

vitesse a réduction épicyclique 4 : 1 montée directe- Wheels and Econt: 600x 16 6 ply

ment sur la roue. Débit maximum du couple: tyres: Rear 12.4/10x24 6 ply

219 kgf/m & 300 bars. Debit CV par moteur a Traction tyres

219kgf/m: 14,8. Capacite de la boite de vitesse du Dimensions: Overall width 2.10m
moteur: 0,25 litre d'huile de boitier tipe SAE 90 EP. Overall length 2.50m
Filtre: Tipe a cartouche, de 10 microns. Overall height 250m
Direction: Tipe a bille recirculée, de proportion 17 : 1 Ground clearance 0.60m
roulements en rosace avec tous joints lubrifiés, el Wheel track:  Front: 1.83m
bagues de nylon auto-lubriliées pour chevilles Rear 1.89m
goupille et le pivot axial Tunng circle: 11,6m
Rélevage hydraulique: , Mass: 1700 kg
Effortde sans lest 860 kg Speed: 0-20 km/h
levage: roues avantlestées Capacities: Fuel tank: 25 litre
maximum 1300kg Hydraulic tank: 60 litre
Roues et Avant 600x 16 6plis Cooling system: 10.2 litre
pneus: Arriere 12,4/10x 24 6 plis Oilsump(engine): 6.8 litre
Pneus traction Auxiliary drive speed: 2000 r.p.m.
Dimensions:  lLarguer hors-tout 2,10m Carrying capacity: 1000 kg
Longueur hors-tout 2,50m
Hauteur hors-tout 2,50 m
Hauteur de bassage Sous
chassis 0,60m
Voie: Avant 1.83m
Arriere 1.89m
Rayon de braquage 11,60 m
Masse: 1700 kg
Vitesse: 0-20 km/h
Capacites: Réservoir carburant 25 litres
Réservoir hydraulique 60 litres
Refroidisscur 10,2 litres
Carter (du moteur) 6.8 litres

Vélocite d’entrainement auxiliaire: 2000 t/m
Capacite de chargement: 1000 kgs

TINKABI

1SICO

ISICO se reserve le droit de modiher. sans preavis et quand bon lui seimblera, le modele etles caractedstiques de leurs mochnes
ISICO reserves the nght at any tisme without notice 1o alter the design and specifications ol their products.

2 King Sobhuza 11 Ave, Matsapha
P.C-30x 450, Manzini "~
Swaziland
Telephone: 84177/8 Telex: 2127 WD
International: (0194)84177/8 216




Annex 11

| BY
LISTER

IN BATCH DRYING
CAPACITY 5 TO 50 TONS FOR MAIZE, RICE, COFFEE, COCOA,
PEANUTS, CORN ON COB, CASSAVA ETC.
BINS PREFABRICATED ON SITE

v * NO ELECTRICITY NEEDED

i * HEAT PROVIDED FROM ENGINE WHICH DRIVES FAN - LOW

% FUEL COST

¢ % SIMPLEST OPERATION

i *x ABSOLUTE SAFETY — NO CROP DAMAGLE POSSIBLE

*x ADDITIONAL HEATERS CAN BE ADDED TO INCREASE
DRYING PERFORMANCE

| PR ATISTER FARM EQUIPIVIENT LTD.

# EXPORT SALES. DURSLRY. GLOUCESTERSHIRE. GLIT4HS - UK
! TEL DURSLEY 0453-4141 TELEX' 437152 CABLES MACHINERY. DURSLEY

Hawker Siddeley Group supplies electrical and mochanical equipment with world-wide sales and service
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Annex . 12

CASSAVA STARCH

There is no industry for manufacturing cassava starch in Ghana.
Ghana imports nearly 1500 tons of starch a year.

Starch is used for manufacture of glucose and dextrose. Cassava
starch is more popular than maize or potato starches owing to very
low protein content in the cassava. ‘
Dextrose is used in the fruit canning industry, confectionery,
bakery industry and ice cream factories. It is also used in the
food industries as custard, thickener in soup, baby food, sauces
and gravies; in the textile industries for wasping thread on looms;
in the printing industry to improve stiffness, and in the laundry
industry. Starch is used to improve, the strength of paper and for

paper board boxes.

A starch industry was established near the Volta River bridge in
Akuse but due to Kpong/Akuse Hydro project, it was moved away and

never started again.

In order that cassava starch is accepted by the industry the
following quality'standards need to be achieved.

Appearance: Colour and specks shall be uniform white and free from

pigment. A trace of yellow colour would be accepted for average
requirements.

Mesh - 99% starch to pass throsugh 100 mesh screen

Pulp - 0.8% maximum

Odour - Should be clean and fresh

Protein - 0.4% maximum

Moisture - the moisture content between 10:135%
Ash - 0.35% maximum

Acidity - Ph value shall be 4.5 - 5.5

Sulphur dioxide - less than 45ppm
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The technology is simple, the machines can be obtained in Ghana.
Washing of tuber
Tubers are peeled with cassavé peeler
Peeled tubers are washed again
Washed peeled tubers are grated with cassava grater

. Grated cassava is transferred to bleaching tank; SO, solution
0.2% is added if necessary

. Pumped to shaking, washing and refining screen
Washing screen is,lined with 80 mesh bronze

. Pomace shaken out from this sieve is given second washing in
second shaker lined with 120 mesh nylon cloth
milk goes ignto slurry bin
Pulp goes to pulp bin
20 misuse abseﬁé of discolouring stainless steel, aluminium or
bronze materiaf‘to be used
Centrifugal fillers are best adapted for devalescing the pulp
Milk coming from the bin is sent directly to centrifuge

. The escaped starch and fruit waters are pumped to a settling
tank, after giving 4-6 hours for starch to settle, water is
gradually let out. Fresh water is introduced, ‘agitator is put
to work. As the starch attains density of 20°C, Baume slurry
pump is switched to transfer the milk to the centrifuges. Water
is finally taken out leavisng a moisture content of 35 to 40
percent on the starch. 1In case of pulp, centrifuge separates
the water or dehydrated by bydraulic press. Starch coming from

press or centrifuge is broken, sieved and dried into tunnel

bye
. bwlver e
from the drier into small lumps which is ground, pulverised ‘or

dryer or endless belt steam drier. Pulverising starch coming

stone mill. Starch powder is graded, bagged and despatched.
 The recovery of starch is 18-20% of fresh cassava to 12 months old
't cassava. Cassava starch is difficult to promote in international
market. Theiland is tﬁe only country participating in world trade,
selling tropical starch. Japan is the largest buyer. West
Germany, Netherlands, Bélgium are main importers of dried cassava -

for animal feed.
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Ghana grows cassava extensively but a single industry needs cassava
of nearly 2000 tons per year. Raw material should be available at

reasonable prices.
The Block farming, export or industrial village concept could

promote the cassava starch industry.
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Annex 13

Flow Diaqram for the Froduction of Pre-qclatinized
(Instant) Yam Flour/rlakes

Yam Tubers

l

Peeling

v

Slicing/Dicing
Sulphiting

Steam Cookihg

Y | Y
Comminution Hot air drying
1
\
Drum drying Milling
!
v .
Flaking Sifting
. )
| | b
Packaging ‘ ‘ Packaging
Flakes - ' Flour
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2.01
2.02
2.03
2.04
2.05
2.06

IITI.

IV,
4.01

5.01
5.02
5.03

Annex .14

ESTIMATED CAPITAL COST, OPERATING COﬁéT. WORKING “y
CAPITAL SALES AND PROFITABILITY FOR THE ESTABLISHMENT
OF A VILLAGE LEVEL GARI PRODUCTION PLANT IN GHANA

(3000kg/Week)

Lo

Capital Investment

Land, Buildg. Borehole, storage tank, Furniture

Process Equipment

! Sub .Total

Operating Cost
Raw Materials
Operating supplies and utilities
Labour
Insurance
Repairs and Maintenance
Distribution cost
Sub Total

Contigency 2%
Depreciation
Total Operating Cost

Estimated Working Capital (3 month's
operating cost)

I

Total Esimated Sales of gari
Gari at ¢200/kg (34500kg/yr)

Total Estimated sales cost

Net Estimated Profits

Profit per capital Investment = 14.8%
Profit per operating cost = 19.2%
Profit per working capital = 76.6%

222

US Dollar

12,175.00
6,525.00

18,700.00

4,485.00
3,347.375
3,600.00
374.00
561.00
1,035.00

13,404.375

268.06
802.5
14,474.9

3,625.00

17,250.00

17,250.00




Cassava

Gari

SOME OPERATIONAL FIGURES

3000kg/week at US$ 0.0.325 per kg
750kg/week at US$ 0.5 per month

Labour 10 personnel at US$ 30 per month
Operating period = 46 weeks per year.

II.

ITI.

Iv.

VI.

VII.

VIII.

IX.

List of Equipment

Peeling of the roots
1 large table with benches
10 Stainless steel knives

Washing peeled roots
1 large tiled trough of sandcrete blocks served with water
via an inlet pipe and having drain outlet at the bottom.

Grating washed roots
1 Drum/Cylindrical grater
1 Lister diesel engine (8hp)

Fermenting of grated roots
1 large tiled trough af sandcrete blocks

Dewatering of fermented mash
2 Vertically acting manually-operated screw press with housing
and chute for juice discharge

Sifting of dewatered mash
6 Bamboo cane sieves
6 Aluminium basins

Roasting of sifted material

2 Integrated roasting bays with two stainless steel roasting
pans and fired with fuelwood from outside and provided with a
chimney.

Grinding of oversize gari granules and cassava dough
1 plate (attrition) mill size No. 2A (cornmill)

Packaging

1 floor mounted weighing scale for weighing bulk products.

1 Heat sealer for sealing products packaged in plastic
pouches.

1 Table top weighing scale

1 Wooden Table

Materials handling equipment
Baskets, enamel bowls, etc.
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ACMVA
AED
ATTC
CRI
CSIR
DA
DRHCI
DNF'S
31 DwWM
ESD
FRI
GEPC
GOG
GSB
GRATIS
GWSC
HCN
IFAD
ITTA
MOE
MOEM
MOFA
MOST
MOTI
MTADP
NARP
NBSSI
NCWD
NVTI
PHDU
SRDP
TTC
UG
UNDP
UNIDO
UST
WHO

o

Annex 15

LIST OF ABBREVIATIONS

African Cassava Mosaic Virus Disease
Agricultural Engineering Department

Accra Technical Training Institute

Crops Research Institute

Council for Scientific and Industrial Research
District Assembly(ies)

Department of Rural Housing & Cottage Industries
Department of Nutrition and Food Science

31st December Women's Movement

Extensions Services Department

Food REsearch Institute

Ghana Export Promotions Council

Government of Ghana

Ghana Standards Board

Ghana Regional Appropriate Techn. Industrial Service
Ghana Water and Sewerage Corporation

Hydrogen Cyanide

International Fund for Agricultural Development
International Institute of Tropical Agriculture
M}nistry of Education

Ministry of Energy and Mines

Ministry of Food and Agriculture

Ministry of Science and Technology

Ministry of Trade and Industry

Medium Term Agricultural Development Programme
National Agricultural Research Programme
National Board for Small Scale Industries
National Council on Women and Development
National Vocational Training InStitute
Post-Harvest Development Unit

Small Holder Rehabilitation & Development Programme
Technology Transfer Centre

University of Ghana

United Nations Development Programme

United Nations Industrial Organisation
University of Science and Technology

World Health Organization

224



	scan0003
	scan0004
	scan0005

