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ABSTRACT

This study pertains to study of indigeneous mlk and
"Fura’ nmaking processes with aimof introducing technol ogical
i nterventions to upgrade the existing nethods.

Surveys were undertaken at Kano, Kaduna, Sokoto, Kebbi
and Katsina States to find out what the existing practices are
and various intricacies involved, studies were also conducted
in the laboratory' to quantify the indi geneous processes.
Wsi ng ki nesiol ogic analysis and ant hroponetric principles,
selective interventions were introduced to ease the identified
constraint. The introduced changes were conpared wth

exi sting for engineering performance and cost econony.

Studies of existing nethod of mlk processing identified
the task of agitation for butter extraction, as the najor
constraint. To upgrade the system three approaches were
used, Bionechanical studies showed that churning process was
related to kinesiology of the body, and the process was
I nproved by increasing the height through which the
contai ner (gourd) was raised. Time for churning was
reduced by 46, 2%when hei ght of churning was increased by
40 cm This also enchanced butter yield by 18.3%

Ant hroponetric anal ysis of user population identified the

di mensi ons of gourd neck dianeter to be 6,17 cm and neck

hei ght to be 21,12 cmwhich sets cri-teria for proper selection
of such gourds. An agitator was devel oped to replace the

the traditional gourd. Conparative tests between the



Viii

agitator and traditional nethod showed an average
saving of 84,4%in tinme use and 349.4% in energy
requi rement. These three options represent
possibilities of inproving churning process to extract
butter.

Study of Fura processing showed that dehulling
and grinding were the major constraints. Dehul I'i ng and
grinding are basically pounding process using nortar
and pestle. Kinesiology studies of pounding showed
that pounding is affected by weight of pestle, nuscle
force applied and angles between arm and body trunk.
Ant hroponretri c studies of pounding using user data
fceconrnends a pestle dia of 6.17 cm and | ength of
103.8 cm  Conventional notorized dehulling and grinding
machi nes were tried as interventions. Conparative
studies in different conbinations with indigeneous
process showed the possibility of selecting a systemwth

over 50% savings in time and energy.

For an integral Fura and Npno enterprise, six systens
were considered in different conbinations. Tine and energy
requi rements and costs were anal ysed between the systens.
Results showed that systens can be chosen in line with
certain paranmeters |ike volune, accessibility of technol ogy

and cost involved. A guideline was provided to facilitate
choi ce for maxi mum out put, m ninum energy and maxi mum profit.
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CHAPTER CNE
INTRODUCTION

Improvement on existing systems using time and motion
and related studies is a well known technique in conventional
mechanical workshops and other industries. Such studies
have led to improvements on time and energy requirements
sometimes with a saving of up to 0% or more. Steps taken
in such studies normally include a thorough study of the
existing system to identify constraings within the
system and then introduce ergonomic and other technclogical
interventicns to improve on perfecrmance and economic
advantage. Unfortunately in agricultural sector major
emphasis has been on introducing new technoleogies (usually
western base) which are quite different from the
traditional indigeneous processes and often are not
assimilated in the system, This study is an atlLempt to
take stock of tew existing traditional processes and
introduce improvements. Indigenccous food processing
activities of milk processing and 'Fura' making were
selected due to their importance in the local food
consumption for application of this concept.

The traditional milk processing industry comprises of small
units where milk obtained from traditionally kept cattle
is processced inlou locally acceptable products. Under the
traditicnal dairy system, some 10U-14 million cattle are
kepte Milk production under this system is approximated



at 715,400 tons per annum, It is from ‘the traditicnal
4

‘set-up that local milk products are made avallaple to

different parts of Nigeria for consumpticn by the teeming

population. Opcrators of this system belong to a tribe

known as Fulani; each family owns an average herd ranging

between 40-60 cattle and average milk off-take per lactating

cow per day is 3/4 litre (Water-Bayer, 1988). women are
the sole operators of tne traditional milk industries and
untensils used in the dairy processing and marketing are
part of normal household equipment, The most popular
product produced from traditional milk processing industry
is tNono' {(fermented butter milk) and butter. Traditional
method of making Nono includes shaking whole sour mitk in
a gourd until butter grains form. For 4=5 litres of sour
whole milk this process could last between 1-1% hours,
yielding butter of 120-130 gm.

) In addition to the role of Fulani women as managers
of the milk processing industry, they process cereals

into 'Fura' to sell with Nono, Fura is a spicy dumpling
made mostly from millet. Of the 715,400 tons of milk
produced locally, 357,700 tons is processed into local
products and distributed by the Fulani women. A study
spanning a year on consumption of local milk products in

{
Nigeria showed that Nono in Fura is most consumed

atab T Yo e
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accounting for between 55%=90% by weight of total milk
products depending on the monthe. Thus, Fura and Nono

constitute a substantial industry though 'unseen' from
industrial perspectives.

From 1 kg of ™11€%rains, 1.7-1.8 kg of Fura could
be mades A typical serving of Fura with Nonoc weighs
600 g with 240-250 gm Fura and 350-360 g milk (i.e. a ratio
of 1 to 1.4-1.5).

The importance of the traditional milk industry to
'fulani' women, their households and tc the nation cannot be
over emphasized. First, the fuilani supply about 50% of
their milk ciftake for home consumption. That provides the
family with protein and energy regquirements. Apart from
this, the industry contripbutes to family income. Generally,
the women use Z/3 of their income on food (like seascnings,
condiments, oil, sugar, salt, etc). They also use
their income to buy pots, jewelleries, clothings, etc
for their family. The contribution of the fulanis to
national economy is also immense, They distrioute milk
in form of Nonoc and Fura to different parts of
Northern Nigeria and some parts of Southern Nigeria. It
is estimated that within the traditional milk and cereal
processing industries 583,333t of Fura and Nono is

processed and distributed in a year,



Che cannot fail to observe that the more than half a
million tons of Fura and Nono mentioned above is processed
with traditional tools. In fura making, main tool used

are a mortar and pestle to dehull millet and to pound

fura into a consistent mass. On the other hand, calabash
gourd is the maln tool used in wmilk processing to produce
Neno and bhutter. All these toels are traditicnal and
demand high energy and time. The mortar and pestle process
has been described as inefficient, time consuming, and
difficult and ylields 1~1.5 kg of flour per hour (Perten,
1983)e A survey (Waters-pBayer, 1986) revealed amonqg others,
the inefficiency of fura making and butter extraction.

she described fura making as the most demanding processing
activity done by women in terms of time and energy.

Simmon (1975) found that fura making was very profitable,
gut entry to the business is restricted by the high
physical exertion required. As a result of arducus nature
of fura making, 1t is fast disappearing in cities. Those
that still do it produce only on small scale. Thus it

is a process that is fast on the decline.

% It was the alm of this study to address above
pfoblems with a view to encouraging production and higher
levels of vrocessing of Nono and Fura,.

E Mere specificalily, objectives of the study are stated

as under:



1. To conduct a detalled survey of existing methods/tools
for making fura and processing of socur milk (covering
most major consumption areas).

2e To quantify the duration and energy requirement of
the existing methods and identify areas of improvement,

3 To study ergonomics of methods and/or tools involved
in each process (including anthropometry and
keinesiology) and eveolve a description of the process
(involving variable parameters which could be
manipulated),

4. Evolve/adopt improve methods and/or tools to reduce
time and energy requirement thereby allowing increased
productivity,

Se Compare the new methods and tools with existing
methods and tools for engineering efficiency and

economic savings.

JUSTIFICATICON FCR STUDY

To achieve an impact on a system, there is need to fully
understand present system and develop an intervention relevant
to existing. With the help of some 2.6 million Fulani,
715,400 tons of milk is produced out of which 357,000 of milk
is orocessed into local products and distributed to many parts
of Nijeria. Similarly, 233,333 tons of fura is produced.,

Time required for processing these products is 205 million
hrs. per annum, This is no doubt tremendous amount of time.
An impact could be achieved if interventions at existing

scale are found,which is the focus of this study.

Y 75 - aal o= i Tacioem
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CHAPTER TWO

LITERATURE REVIEW

21 Millet - Type, Production and Uses

Millet 1s the basic raw material for Fura. Millet
and sorghum are staple food crops in many African and Asian
countries where the dry, hot climate does not permit
growing of wheat and rice. Millet is a cereal crop grown
in many parts of the world and grow well in guinea and
sudan savannah zones (Muller, 1970), Millet production
world wide stood at 28.3 million tons in 1980. There are
different varieties of millet, Some examples among them
include: E, coracana and P, americanum,

Sorghum occupies almost 50% of the total land area
presently under cereals in Nigeria and together with
millet, they account for about 90% of the total land area
under cerealse. The estimated annual production of millet
is 3.2 million tons. In terms of production, sorghum and
millet account for about 70% of the total cereal production
in Nigeria (Nwasike and Aba, 1986).

Millet is often reduced to flour for consumption.
There are different techniques for doing this especially
in the developed nationss The method is mostly traditional
by the use ot mortar and pestle. This method dates back
to 2500 B.C. till date (Muller, 1970). Hand pounding has

been descrived as inefficient, time consuming and a



hardwork aond vields only i-1.2 kg of flour per hour
{Perten, 1983). Nonetheless, this methcd remains the
dominant method of procegsing millet in most parts of the
developing nations.

T Millet is used for different purposes in difterent
Iparts of the worlds It is important to mention that
although cereals (millet inclusive) are typical carbohydrate
foods, their protein content is far higher than that of
tubers. Whereas the latter have a protein content of the
order of 2=3%, that of the cereals is about 10% (see

Table 2.1), and they will generally sustain an adult but
not growing children {(Muller, 1970}, In an international
conference cn sorghum and millet uses, cases of increased
iuse of these two crops as traditional food, for industrial
uses and foed were reported (ICRISAT, 1992). C(Crop uses

vary from one location to another.

Table 2,1: Analysis of Various Grains Consumed

! in west Africa (%)

Protein Fat Carbohydrate Fipre

Maize (Zamays)

Finger millet 10.0 445 71 2.0
(E. Coracana)

Bullrush millet 6.0 Ted 75 3.0
(P. americanum) 11.0 He 0 69 2.0
Sorgnum 5pp. 10,4 3.4 71 2.0
wheat (T. vulgare) 11.5 2.0 70 2.0
Rice (C. Sativa) 8.0 1e5 77 0.5

| Source: Food 3cience Lab, T.A.R., 1993
|
|



In Sencgal, consumption of millet is generally in
the form of porridge eaten with a vegetable and a meat
sauce and in the form of millet couscous. Millet production
in senegal stoocd at 650,000 tons annually. In Sudan,
millet is used in form of a thin pancake. Annual
production of millet in Sudan was 500,000 tons {(Perten,
1983). C(ereal productions made from millet could be
classified rneologically as pbeverages, porridges; dumplings
and fried or baked proaucts (Taple 2.¢). Looking at the
tables, fura is not restricted to Nijeria alone anc tnat

the regular percentage quantities for processing 1s large,

Table 2.2: Classification of Some Typical ghanaian

and Nigerian Millet Productse.

Beverages Po. ridgeaes Dumplings Baked or
fried products

Kaffir beer Cgi Hura (Fura) Bread
Pito Koko Eko At shomo
Burukutu Ekuegbemi Banku Togbeli
Kunnu tsaki Tuo Fula
Grain acha Kenkey

AkpoO
Aliha Ablemamu-akasa Nsihu ®Fare, ) rey
Iced kenkey Kunnu tsamia rokui

'Abolo

Sweet kenkey

MeCe mMoOre than m.Ce about MmeC. 65-80%

94% 90%

Sources Perten, 1983




In Northern Nigeria, millet is used for varied
purposes, Among products obtained from millet incluce:
Fura, Tuwo, Kunnu, Xunnu zaki. Wwith dwindling foreign
exchange earnings in Nigeria, and consequent ban on some
crop import, many attempts were made tu expand the
traditional uses of millet and sorghum, as well as
industrial food and feed uses. For example, miliet and
sorghum flour were used to make non-wheat bread, biscuits

and sausages (0Olatunji et al., 1992).

lel Pastoralism

Pastcralism is a preduction system in which people
derive their livelihood mainly from herds of domesticated,
herbivorous animals utilizing predominantly natural
pasturee This is the main occupation of the Fulani.

Either as herd owners or hired herders, they keep cattle
and to a lrsser extent sheep and goats from Cap Vert in
Senegal to the Camcroon highlands and further through
Central Africa as far as the Nile river in Sudan. Fulani
can be found herding cattle even as far south as the

Accra plains of Ghana (Hill 19/0) and the coastal forest
belt of Niceria (Fricke, 1979). However, the vast majority
of pastoralists in Nigeria live in the northern half of

the country (Fricke 1979, LRM 1v981)., It has been estimated
that S0=00% of Ninerian cattle are kept by the Fuluani

(Franctz 1978, Putt et al,, 1980),
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Generaliy, Fulani pastoralists are classificd
according to their mobility: e.g. nomadic, semi-normadic,
semi=settled and settled (e.g. Van Raay, 1974).

A comimon pactern of movement was to take cattle south
in the dry season, when nutritious forage was available in
the tsetse infested sub=humid areas but when the danger of
contact bctween animals and flies was at its lowest level,
and to retreat to the north when the fly population
extended with the on set of the rains. In a recent aerial
survey conducted by ILCA in the dry season, total number
of cactle in south west were 1v¥4,020, in south east /60,510

and in derived savannah 302,450 (ILCA Annual Report, 1988).

2e3 Role of Women within the Fulani Set-Up

A state of independence as head of a monogamous or
polygamcus family responsible for its own survival is what
a Fulani man strives ate To achieve this state of
independence, the family should be sufficient to take proper
care of the herd, and the herd snould be adequate to support
the family (Stenning, 1¥58). As such, the first major
responsibility for the Fulani woman is to bear children to

permit househuld independence,
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One of the economic pursuits of Fulani is to produce
milk which is consumed directly ana the rest exchanged for
food and services, The women were responsiple for milking,
milk processing and marketing dairy products surplus to
family needs. They yave minor health treatment to the
calves in their care. 1In the case of sheep and goats, a
woman's responsibility also included animal husbandry,
purchase and sale (Dupire, 1963). For nomadic fulani,
division oif labour between men and women was not rigid:
if the necessity arose, the men might assist in milking
and the women in herding (Van Raay, 1974).

The women milked the cows, with calf at foot.e AS
milkers, the women decided how much milk to extract and how
much to leave for the calvess They also decided how much
milk was given to the family to consume-more commonly fresh
than curdled, Any remaining milk was scld by the women.
Casn vas used by the women mainly to buy clothing, ornaments,
and small stock. Milk earnings were neither used tc help
husband pay taxes, not even for the wife's cattle, nour to
cover production expenses for the herd (Dupire, 1962;

Ste Croix, 1944).

The rcle of women within the Fulani set-up change
depending on whether they are nomadic, transhumant or
settled, WwWhen a Fulani household settles, division of
responsibility changes within the household. This is

because, settlement is often prececed by increased involvement
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in cultivation and regular participation in markets (for
sale of livestock products and purchase of gcods). wWithin
normadic Fulani, tne women were fully responsible for
milking, this changes with sedentarization, when the men
generally assumed responsibility for milking (St. Croix,
1944), Pespite this changes, the household head gave the
milk to his wife or wives, who still decided how much of
the milk was consumed at home and how much was scld.

They alsc retained rights over the sale proceeds,

vomen's involvement in farming activities varied
according to the extent of farming and also to the customary
practices in the neighbourhood. The men did most of the
work in grain cropping, although women mignht help,
particularly at harvest, and alsc sometimes cultivated
minor crops independently from the men (Delgado, 1979;
Ckaiyeto, 1980)., Generally, the women helped in planting
and harvesting crreals (water-Bayer, 1986),

Marketinag is the sole responsibility of women., The
women sold not only at markets but also at oLher regular
selling points in villages and on roadsides, at employmnent
sites, schools, churches, farmhouses, door-to~door in town,
and te customers who go to the Fulani home (waters-Bayer,

1986).
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Fura making was an integral part ot milk marketing
because tnhe availability of Fura facilitated tne sale of
nono and allowed the women to gain a higher price for ite
Fura was also an additional source of income (waters-Hayer,
1986). 1t is the responsibility of the Fulani women to

process and market fura.

2.4 Importance of Milk

Milk is secreted by the mammary gland of mammals to
feed their offsprinag. Milk contains large amounts of
essential nutrients and has rightly been recognised as
nature's single most complete food (Ot*mahony, 1988). As a
food, milk serves the purpose of growth, reproduction,
supply of energy, maintenance and repair and appetite
satisfacticn., The functicns of a food are served
specirically through the various nutritionally imoortant
components, comprising proteins, carbohydrates, lipids,
minerals, vitamins and waterthat constitute milk.

Milk provides more essential nutrients in significant
amounts than any other single foodes Milk is an oustanding
source of calcium ana phesphorus for bones ana teeth, ana

contains riboflavin, vitamins B A and B, in significant

0
amounts., It =lso contains B,y the antipernicious anaemia

vitamine,.

rm" , - s LARr o
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Fats supply the body with a concentrated source ot
énergy: oxidation ot fat in the bogy vields 9 calories/ge.
Proteins are an imnortant naturally occuring compounds
egsentlial to all lire processes. Protein has many furctions
ranging from providing structure to reproduction. Lactose
is a source of energy, and provides 4 calories/qg. Milk
proviues the bougy with some essential salts in small or
trace amounlts. Milk salts are mainly chlorides, phosphates

and citrates of sodium, callium and magnesium,

2¢5 Milk Composition and Processing

; Quantities of milk constituents vary considerably
depeidiny on the individuat animal, its breed, stage or
lactation, age and health status. Herd management practices

and environmental conditions also influence milk composition

i AR

(Otmahony, 1488}, Table 2.3 below yives composition of

cow's milk, |
]
Taple 2.3: Composition otr Cow's Milk

PYETFEREIIA Y

Main Constituent Range Mean
] (%) (%)
j Water 85,5 =~ By.5 87.0
'\ Totsl selids 10.5 - 14.5 13.0
i Fat 2.5 - &,0 4.0
! Proteins 2.9 - 5,0 3e4

Lactose 348 = H.b 4.8

Mincrals 06 = 0,8 0,8
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Milk and milk products have been used by man since
pre=historic times. Butter making was recorded as far
back as 2000 £.C. It is believed that cheese making was
discovered accidentally and initially developed in Iraq
circa 6000 - 7000 B,C. and spread with migration of
populations due to famines, conflicts and invasions,
Fermented milks have been prepared for more than 2000
years (O'mahony, 1988).

The development of milk separator in the 1vyth century
led to or made possible centralised milk processing. From
the onwards, cream was separated from fresh milk ang fresh
skim milk was returned to producers, Later, the importance
of skim milk was recognised and lead to processes to
conserve milk =olids., Casein and casein products were
prepared, as well as lactose and dried milk,

In Nigerian traditional processing, fresh milk is
freed from dirt and then left to sour naturally. Wwhole
sour milk is either churned to get butter, or consumed

without fturther processing, (Ali et al., 1991).
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246 Principle of Churning

If milk is left to stand, a layer of cream focrms on
the surface. The cream differs considerably in appearance
from the lower layer of skim milk. Under the microscope
cream can be seen to consist of a large number of spheres
of varying sizes (i.e. fat globules) floating in the milk.
Each sphere is surrounded by a thin skin = the fat globule
membrane - which acts as the emulsifying agent for the fat
suspended in milk. The membrane protects the fat from
enzymes and protects the gleobules coalescing into butter
grains.

To make butter, milk or cream is agitated vigorously
at a temperature at which the milk fat 1s partly scolid and
partly liquides There are many tools and devices for
agitation, ranging from traditicnal to modern types.
Churning efficiency is measured in terms of the time required
to produce butter granules and py the loss of butrter fat
in the butter milk., Efficiency is intluenced markedly by
churninag tempercture and by acidity of the milk cor cream,

In churning, cream is agitated in a partly filled
chamber, This incorporates a large amount of air into the
cream as air bubbles. The resultant whipped cream cccupies
a larger volume than the original cream. As aglitation
continurs the whipped cream becomes coarser. Eventually

the fat forms semi-solid butter granules, which rapidly

-



i ¥

increase in size and separate sharply from the liquid butter
milke Thercafter, the remainder of the butter making process
consists of removing the butter milk, kneading the butter
granules into a ccherent mass and adjusting the water and
salt contents to the levels desired,

In the churning process, the feollowing factors are
worth noting: First, air is thought to be necessary for the
process, but some rescarchers have demonstrated tnat milk
or cream can be churned in the absence of air, although it
takes longer.

secondly, about one half of the stabilizing material
is libeurated into the buttermilk during churning., It is
thought that during churning the fat globule membrane
substance spreads out over the surface of the air bubbles,
partly denuding the globules of their protective layer, and
that a liquid portion ot the fat exudes from the glcbule
and partly or entirely covers the globule, rendering it
hydrophobic. In this condition the globules tend tc stick
to the air bubnles., Free fat destabilises the foam, causing
it to cullapse. The partly destanilised globules clinging
to the air bubbles thus ccllect in clWsters cemented
together by free fat., These clusters appear as butter
grainse

The amount of cream to be churned should not exceed one

half the volumetric capacity of the churn,
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A number of factors:-(as reviewed by O'mahony, 1988)

influence churninu time and recovery of butter fat as butter:

1le Effect of acidity: Fresh milk is difficult to
cnurn - churning time is long and recovery of
putter fat 1s poour., Milk containing at least 0.6%
lactic acid is easier to churn. Acidity higner
tnan 0.6% does not significantly influence

churning time or fat recovery.,

2e Effect of temperature: Sour milk is normally
churned at between 15 and 26 oC, depending on
environmental temperature. At low temperatures
churning time 1is long; butter grain formation can
take 5 hours or more. ASs churning temperature
increases churning time decreases, This becomes
marked at temperatures above 20 OC, but as little
as 0% or the butterfat may be recovered as
butter at 26 °C. Control of temperature is

therefore critical.

Se Degree of agitation: Increasing agitation reduces

churning time,

4, Extent of filling the churn: Churns shcould be
filled to between a third and half their
volumetric capacitye Filling to more than half
the volumetric capacity increases churning time
considerably but does not reduce fat recovery.

FwWasr- . . . -

F e
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267 Milk Production, Consumption and Marketing

Milk Producticon — Milk 1s mostly obtained from cattle

in Nigeria. FAO estimate of c¢attle population was 10,859,000
as at 1966 (FAD Ning. Report, 1975). Later 1in the year
1986, cattle population was put at 14 million (ILCA, 1988),
Production figure for milk as at 1966 was 446,000 tons per
annume From the poepulation figure of 14 million in 1986,
production figure is estimated at 715,000 tons per annum,
It is estimated that 96 percent of the cattle are found in
the northern states. The rest are in the south of Nigeria,
Because of the great variations in rainfall, milk
production is subject to pronounced seasonal fluctuatiounse
Figures obtaimed from the Jos Plateau area have shown that
over 80 percent of the vyear's production is produced during
the seven month's rainy season from May to November (FAQ Nige.

Repart, 1973).

Milk Councsumption and Marketing in Nigeria = The total

markcting volume of milk and milk products is estimated
at 546 miliion kg of milk equivalent, which can be divided
roughly into two main sectors, namely traditional and
crganized marketing, and the latter further into tweo

sub-sectors on tne basis of milk origin {(Table 2.4).
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Table 2.,4: Estimated Volume of Marketed Milk and

Milk Products in Nigeria in 1986

Items Traditional Organised Marketing Total
marketing Based on Based
domestic milk on
production imports

Million kg of

milk or milk

equivalent 226 p | 319 546
Percent
breakdown 41.6 0.2 58.4 100

In a study ot rural and urban areas in Oyo State and
Kaduna states of Nigeria, preliminary data analysis shows
that marketing and consumption of import based dairy
products dc not vary much from one part of the country
to another. However, there are differences in consumption
patterns of domestically produced dairy products anc this
relate to proximity to Fulani herds or settlements ana to
ethnic and cultural difterences in food tastes ana hauits,

As such concumption differ markedly between northern Ni jeria,
where mnost of the Fulani ang their cattle are found, anc

the soutn, where trypanosomiasis has limited cattle productions
However, the increasinn interaction of tne Fulani anu 1 ne

south=w 3t h: . o bt2 orocecssing of usurplus rilk into cottage
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cheese (wara) for sale by the lecal Yoruba women. liortierners
resident in the south continue to follow traditional habits
and consume sour milk (nono) and butter (manshanu). In

the same way, the Yoruba in the north show a continued
preference for cottage cheese,

Two distinct systems of dairy cunsumption and marketing
appear to operate in Nigeria, the domestic and the import-based
systems, with little overlap between them. Almost all
domestic milk is produced by the Fulani, who process it in
different ways in difrerent parts of the country depending
largely on the characteristics and preferences ot the
ethnic groups with whom they are in contact. The marketing
of imported dairy products is mainly in the hands of the
Yoruba, who control the marketing system not only in the
south=west but also in Northern Nigeria (ILCA, 1988).

Type of proeduct consumed and frequency of consumption
differ markedly between ethnic groups, urban and rural
populations, Indigenes of southe-east, Nigeria do not consume
local dairy products. 1In congrast, ¥0% of indigenes in the
south west consume wara, a local soft cheese and some consume
fresh or sour milk or butter. People in rural areas consume
local dairy products more often than do those in urban

centres (ILCA, 1989),

¢ flaDan




22

Milk Consumption and Marketing in West Africa = A study

ot consumption pattern in vest Africa has shown that
consumption of dairy products is on the increase. Many
factors on both the demand and supply side are responsible
for promoting dairy consumption in the regions, These factors
include: Population growth, urbanisation, changing consumer
preferences, plentiful world supplies of dairy products
and favourable prices and, in some countries, incrcasing
incomes (ILCA, 1988).

For vWest Africa as a whcle, total demand for milk
and milk products in 1988 was estimated at 3.1 million tons
of liquid milk equivalent (LME). When demand is
disaggreqgnted by product type and oriain (local or imported),
by ecological zone (dry or moist) and by rural/urban
categories, it was feound that per capital dairy consumption
is higher in tne dry (arid and semi-arid) than in the moist
(humid and subhumid) 2zone. However, total demand 1s almost
equally distrivuted between the dry (51%) and moist
(49%) ecological zones.

The zones diftter markedly, however, in the proportion
of dairy demand met by local production and in the proportion

of total dairy demand that occures in urban areas. 1In the



23

dry zone, /2% of demand is met by local production, mainly
fresh milk and yoghurt, compared with only 38% in the moist
zone. This reflects the lower milk production base of the
meist zone, Urban demand accounts for only 21% of total
demand in the dry zone, compared with 60% in the moist
zonees In the dry zone, 22% of urban demand is met by local
products, compared with only 5% in the moist zone.

Data from F.A.0O« indicate that annual consumption of
milk and milk products in west Africa increased from 415 kg
ner person in 1v74-/6 to 18 kg per person in 1983-85 but
fell to only 12 kg per person in 1985-8,, Milk production
increased only slowly during the 1970s and 1980s and even
declined in drier arcas of the region, 1In contrast, imports
increased rapidly during the 1970's but subsequently
declined, their share of total consumption falling from
45% in 1983-85 to 36% in 1985-87 (ILCA, 1989),

Recently with world market prices for dairy products
rising and financial pressures on African governments
increasing, imports have been falling pushing down domestic
dairy consumption. 5troung demand coupled with falling

imports creates good cpportunities for domestic producerses

—
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2.8 Role of Women in Agriculture

It is important toc note that what concerns generality
of women could also be link«qd to Hulani women., studies
have snown that man, Fulani women partake in agricultural
activitiecs nand related processing activities (All et al.,
1991) .

Many studiecs have been c¢onducted world wide, which
reveal the important role women play in the task of food
production.

According to the United Natlons economic commission
for Africa, women provide between sixty and eighty percent
of the agricultural labour in many parts of Africa. They
are the principal producers of nearly all the basic food
crops and enqgage in most farm activities which include;
planting, weeding, harvesting, proce:sing of food crops
and marketing (Janelid, 1975),

FAC (1979) review of studies covering many parts of
the world indicated that women in rural areas grow at least
fifty percent of the world's food, They work in all
aspects of cultivation, including planting, thinning,
weeding, applying fertilizer ano harvestinge In sume parts
of Africa, women provide upte ninety percent of the rural

foods In Islamic countries, as well, many women are
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involved in agricultures 1In Pakistan, for example, about
fifty percent of rural women cultivate and harvest wheats
in Jordan, sixty percent of the women weed crops.

Some tasks, especially seasonal ones such as clearing
and preparing land are attrivuted to men, even then, women
are found to be participating actively. 1In one area of
Kenya, fifty eight percent of respondents to a survey
reported that women were involved in clearing bush or
ploughing (Ckeyo, 1980).

Wwomen often perform a dual role combining agricultural
activities with childcare or housework, often doing both
simultanecusly. Because of the long day women work, quality
of household diet has been found to detericrate during the
rainy season, Fig., 4.1 is a typical day in the life of a
woman in rural Africa.

A study of African women labour input in agriculture
shows that women put in more work-hours than men throughout
the year in most African countries, and that the number of
women engaged in agriculture among tarming families was
higher than that of men, to the extent that the study refers
to such arcas in Africa as having female farming system

(Easther, 1970),

. pr ciTwet -
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Kaberry (1952) also observed similar trends, as anove,
in her study of bamenda women, For apart trom being muthers
and wives, they also were responsible for hoeing, weeding,
harvesting #nd transporting of the farm produce back home.
Thereafter, they engaged in the processing of harvests,
such as dehusking of grains in addition to food preparation
both for home consumption and marketinge.

In his study of rural women in Northern Nigeria, Brown
(1279) shoved that in Kaduna State women engaged in all
aspects of agriculture and livestock preduction; and other
income earning activities like petty trading, even in
communities where women are restricted by religion,

In Pakistan and India, the trend is same as above.

In a study of India's wheat producing Haryana State, women
were found to do moure than half the sub-continent's
agriculcural work, only assisted here and there by the men,
Taking labour in both homes and fields inte account the
Haryana stucy found that the average wurking day for women
was between 1.5 to 16,0 hours leng (Chakravorty, 1981),

Tanzauian Census (1978) shows that 9u% of the
economically active women in that country are engaged in
agriculture, compared with /9% of the ecunomicaliy active

mene Amung the Tiv in Nigeria, women perform over eighty
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percent of the labour inputs for yam, maize, cassava and
cowpeas while alsu participating i1n the production of cash
crops like beniseed (Burfisher et al.,, 1983),

In Zimbabwe, women are solely responsible for sweet
potatoes and groundnuts and have a dominant role in the
production of millet and maize (Muchema, 1v77).

Patel et al, (1973) studied the socio-economic
activities of the wives of tobacco farmers in two
adminisctrotive divisions ot ftormer wWestern Nigeria. They
found that contrary to the bpelief that Yoruba women do
little farmwork, ninety eight percent of the women
studied worked on farms for crops such as yams, maize,
tobacco and cassavae

Adeyckunnu (1978) studied the involvement of Nigerian
women in agriculture. The study involved numerous
respondents from the different parts of Nigeria (ie. west,
south, and north)., He discovered that about forty percent
of all the vomen studied could be classified as farmers,
twenty eiaght nercent as processors and fifty twe percent
as traders, He discovered that the women who are farmers
undertake most farm operations themselves, including the
more difficult cones such as land clearing and land
preparatien for plantinge When nccessary, they use

supplementary family ancd hired labour,
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249 Source of Energy for Muscle work

Human being has been compared to an engine, with
enerqgy conversion cfficiency ranging between 20-25% at
optimal cenditions (Christensen, 1976; Karpovich et al,
1971)es Manual task is performed by an individual through
contraction and relaxation of the muscles. For this and
maintenance of the pody, eénergy is required. The energy
for muscle contraction is supplied by anaerobic breakdown
of high energy bond compounds while energy for resynthesis
of these cempounaus is suppliad by aerobic desintegration
of food substances in body muscles. Two high energy
compounds that play an important role in supplying energy
for muscle contraction are adenosine triphosphate (ATP)
and creatine phosphate (CP) (Morehouse et al., 1959).
Foodstuffs involved in resynthesis process are carbohydrates,
fats and proteins. The main sourcrs of energy are
carbohydrates and fats, with protein being essential for
growth and maintenance of the pody {(Haggard et al., 1977).
These reactions may be summarized as fcollows:

1. ATP =» ADP + P + energy for contraction

2e Cp > C + P + energy for resynthesis of ATP

Se Carbonhydrate + 02 — C02 + H20 + 2nerqgy for

resynthesis of CP,

']n?t‘JO' TIRE WU T 248 & &
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2.10 Capacity for vork

Provision of energy for work depencs on the operation
of many body systems viz: respiratory system, blood
circulation system, Digestive system, etc. These systems
have inherent capacities at any one time, even thougn this
could be increased by training. For example, rate of
oxygen supply for muscle work is affected by several factorse
These include: oxygen carrying capacity of the plood, rate
of unloading of oxygen at the tissues, minute volume of the
heart and ventilation capacity of the lungs. These factors
should be properly coordinated anu integrated witn work
of the muscles if the bouy is to attain optimum efficiency
(Karpovick, 1971). Thus, the supply of energy for work is
limited, and this imposes a limitation on the amount of
work a person can perform,

The aerobic capacity of a normal healthy human being
under tempecrate conditions is about 5 kcal/mine Within
this level, continious work is possible, and above this
level rest periods have to be proviced to avoid fatigue
(Sutton, 1974).

Energy demand beyond the aerobic limit incurs 'oxygen
debt.' Continuous exercise beyond tnhe aerobic limit leads
to lactic acid accumulation which progressively reduces
contraction capability of the muscles until fatigue sets

in and work ceases (Karpovick, 1971).
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Christensen (1976) proposed a scaling of wviork using
physiclogical indexes (Table 2,5) which could be valuable
in assessing need for modification or adequacy of rest

periods,

2.11 Encvrgy Expenditure Studies in Agriculture

Enerqgy demand of the different Agricultural tasks
has been investigated by numerous researchers with a view
to improving the task and/or machine for greater efficiency
and performance,

Gupta et al. (1980) investigated the vibration effect
of back mounted power equipments, as in sprayers, using
a vibration exciter. He discovered that operations at high
speeds, and viLration in transverse airection were less
streneous,

Vos {1966) investigated human effort involved in
stackin: of bales of straw on standing and on a jarking
and rolling wagon., The total energy expenditure ranged
from 4.5 to greater than 11 kcal/min and heartrate from
88 to gruater tnan 130 beats/min., Considering Lehman
criterion, it was suggested that workload should not exceed
on an average 5.5 bales/min (120 kg/min) on a staticnary

trarler and 4,0 hales/min (S0 kqg/min) on a traveliing onee.
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sutton (1974) coumpared four methous of winnowing
cerecal grains as regards winnowing performance and energy
demand on operators., Results showed that a pedal driven
winnower with basic screen separation and horizontal air
flow was better considering all the performance indexes,

Vos (1973) compared physical load of different working
postures while varying frequency of forward movement and
working level, as in planting, picking and transplanting
operations, He found less streneous postures for different
situations.

Difterent methods of picking oranges were studied to
quantity the physiological costs of :ach method. For each
method, a comparative analysis of physiological costs data
as regards convent ional method of general picking, was
undertalken, Methods were cvaluated on the basis of an index
of output per unit input of energy (Schertz, 1967).

Nwuba (1981) studied human energy demand of agricultural
handtools used in difterent tasks. cnergy demand for all
tasks studied was high, Variation of e¢nergy cemand between
tools for same task was observed, witn modified long handle
tocols having least energy requirement. Since blades of the
tools were same, citterence was attributed to the different
postures employed in operating the tocls, It was found

that the spinal muscle force and the lumbosacral joint
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reaction while using the traditional hoe modified with a
150 cm handle were only <0% and 3u% of those of the snort
handled hoe (Nwuba et al, 1986),

Philiips (1954) compared the energy costs of diffcrent
agricultural tasks using seven Nigerian supjects, Tasks
considered wvere: arass cutting, bush clearing, hoeing,
head panning, leog carrying, tree felling and wood sawing.

It was owserved that enerqy requirements of most of the
tasks were hich, and they could not be continued for long
periods without rect,

Singh ct al, (1972) reported the human energy
requirements of selected farm operations like spading,
spraving and some manual methods of load transport. Spading
and manual methods of load transport were found more
demanding physiclogically than spraying.

Curfs (1974) studied the physiclougical demands or the
walking troctors at the International Institute for Tropical
agriculture, Ibadans He concluded tnat the walking tractors
were inadeguate for use in Nigerian soils since they
incrcased tne pulse rate of tne operator by more than
30 beats/min which was reccommended as tolerance limite

Nwuba et al. (1985) tried to improve the traditicnal
shadoof irrigation tnrough ergonomic studies. Thevy succeeded
in reducing tne cnergy expenditure from 100 watts to 71 watts,
a level at which a farmer could work for prolonged perind

without a need for rest,
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Studies were carried out on water transportation,

oill processing, and agricultural processing among wumen in
Northern lijeria (.deotil =t al., 1991; Ali et al., 1991
Nalumansi et ale,, 1993)., As a result of time involvement
of such tasks or drudgery involved, improvements were

designed,

2412 Znergy Measurement

Several methode for measurement of energy expenditure
are available. Une method is the direct calorimetry, This
involves putting a subject in a special chamber callied a
calorimeter, Heat liberated is absorbed by water circulating
around the chamber. For known amcunt of water, and if
temperaturc of the water is known when entering and leaving
the system, total heat liberited by a subject can be
calculated (Karpevick, 1971). This method is often not
feasible, espccially for tasks of short duration. Hence,
other mecthods have been devized for human energy measuremente.
These methods ore Pased on the relationships between energy
expenditure and certain physiological indexes, which have
been establisned tnrough numerous studies, These physiological
indexes include: oxygen consumption, pulmonary ventilation,

heartrate, ~weat rate, and rectal temperature,
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2e1241 Oxygen Consumption

Linear relaticnship between cnergy expenditure and
oxygen concumpticn has been established within a certain
range (Sugys et al,, 1958; Christensen, 1976). “yndham
et al. (1959) has shown that at low rates of work,
relaticonsnip between oxygen consumption and workrate is
linear, However, ot high work rates, the curves tend
towards an asymptote. From this relationship, an indirect
method of cnergy mecasurement was devised based on the

oxidation processes of the body.

2.12.2 Heart Rate

A linecar relationsnip exist between oxygen consumption
and heartrate, And, since, relationship between oxygen
consumption and energy expenditure is linear, it then
follows that hcartrate can be related to energy expenditure
(Suggs et al., 1958). Body fuels and oxygen are transported
by the blood stream to the muscles where mechanical energy
is released, Increasing the energy expenditure rate,
therefoure, demands & corresponding increase in blood flow,

hence increase in heartrate,
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aAdvantages of using heartrate as an index of energy
expenditure has been outlined by many researchers
(LeBlanc, 1957; Latta et al,, 19Y69; Christensen, 1976),

It eliminutes the need for time cunsuming methods of energy
measurement s, and equipments used for heartrate evaluation
are less Iinterfering with worke. As explained earlier,

use of oxygen as measuring index involves connecting an
operator to a meacurement and sampling device which could
be restrictive. However, hoartrate represents a less
obstructive method, A simple method cften used for
monitoring heartrate is the telemetry system where
electronic devices incorporating electrodes are mounted

on the body to detect electrical impulses of vascular
muscles, Amplified signals of these impulses are transmitted
to a radio set,

When an individual begins work from a rosted condition,
the heartrate immediately increases and aporoaches
equilibrium with the task within a relatively short time,
For light to mcder~te tasks, equilibrjum is reached in
three minutes or less (Suggs et al. 1958; Karpovick et al.
1971). From energy and heartrate data or nine volunteers,

Datta (1%09) oitained highly significant relationsnipse.
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Correlation constant was 0.88 inaicating that heartrate
gives an acceptable estimate ot energy expenditure.
Similarly, Le Blance (1957) obtained high correlation
netween heartrate and both intensity and duration of work.
However, when temperature was increased, heartrate also
increased without increase in oxygen consumption.
Chraistenson (1976) also stated heartrate as an incicator
of total gtrain,

A tclemetry study of heartrate or versity swimmers
showed that heartrate inCreased rapildly during the initial
stages of race and tnen climbed progressiwvely towards a
maximum as the race proceeded, Longer swimming events
resulted in higner hcartrate values than snorter events
(Magel, 1909}, Trese studies show that for same
environinental conditions, relatiocnship between heartrate
and encrgy expenditures 15 linear until maximum value of
heartrate 1s attained and thereby remains constant,
However, tcr verying environment, hcartrate reflects total
strain on the body rather than enerqgy expenditure,

Heartrate can be measured by palpation, use of

stethescope,telemetry systems or by use of cardiotachometers,
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2.12.,3 Pulmonary Yentilation

Pulmonary ventilation 1s another physiological index
used for indirect energy measurement. Pulmonary ventilation
or breathing is the rate at which a person inhales air into
the lungs,

Linear relationship between ventilation rate and rate
of oxygen consumption upto overload has been well
established (sce Fige. 2.2)e VYentilation rate can therefore,
be used to appraise an activity of normal load (Karpowick
et al., 1971)e Using nine vcoclunteers pverforming different
tasks, Datta (1969) optained data on enerqy expenditure
and pulmonary ventilation, with correlation constant of
V.Y, Ford et al. (1959) presented a method for determining
enerqgy expenditure from pulmonary ventilation. Using the
method under fiele situations they obtained regression
equation which was similar for all age groups. These
studies all show that correlation between energy expenditure
and pulmonary ventilation is high, and the relatlionship
can be represented by a linear equation,

Pulmonary ventilstion can readily be measured with use
of a gasmeter, and corresponding energy values can be

obtained from tables, equations or graphs,
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Fig. 2.2.: Graphical relationship between ventilation and oxygen
consumption { Seurce: Karpovick et al., 1971).
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2¢.12«4 Sweat Rate and Rectal Temperature

Other indexes used for human energy determination
include sweat rate and rectal temporature or oral
temperature., Rectal or coral temperature can be used as
indicators of workloads limitation of these indexes is thelr
failure to reflect suduen changes in workload. This can be
partly cxplained by the relatively large heat capacity of
the human body (Christensen, 1976),

Under adverse conditions, sweat rate reflects total
physioleogical strain on a subject. The sweat rate is
determined by measuring fluid intake during the span of
a shift and weighing the worker at the beginning and end of

the shift (Christensen, 1976),

2413 Mcosurement of Muscular Work

Measurement cof muscular work involves evaluating
amount of physical work verformed by a person. A direct
method involves the computation of forces exerted by man in
performing a particular task multiplied by distances of the
respective fcrces (Lugys et al., 19¥58; Barham, 1978),
Howevaer, aue to the difficulty of evaluating forces acting
with their respective distances during work, other ways

and mecthods had to be devised, Device@ commonly used for

Wgae ; ! SARTES &
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work measurement include: &Lrgometers and Treadmills.
Ergomcters are in difrerent forms, and selection depends

on the muscle groups to be evaluated,

2e13. 1 Hicycle Lryumeter

Ricycle krgomcters are in difrerent feorms depending
on what type of resistance is used. Resistance can be
provided by spring, weight, friction or magnetic pull. A
comiion type cf bicycle ergometer is the friction type,
shoewn in Fig, <.3 and Plate 1. 1In friction type erqometer,
one of the bicycle's wheels is turned into a flywheel.
A friction pelt around the flywheel is attached at cne
end to a weight hanger and the otner end to a scale. When
the flywheel is at reat and operatorts feet oft the pedals,
rcading on the scale is same as the weight on the hanger,
The reading on the scale is reduced, however, when the
ergometer is being pedalled, Dirrerence between weight
applied and reading on scale reflects frictional recsistance
(F) imoosed on tne flywneel. Work performance (W) after

n revolutions of the flywheel 1s given by

w = 2‘-1 j/ n F ® s s s sa eyt 2.1
or W = F)" 9 TR EEE T 2‘2
vhere, E; is the angle flywheel moves in radians and

¥ is radius ot the flywheel,

n is no of revolutions of flywhéel
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The bicycle ergometer has been used for physiclogical
studies anu for fitness tests. Fig. 2.4 shows a typical
calibratior graph cbtained with an ergometer, which could

be used for field work assessment.

2¢13,2 Hand Ergometer

Hand ergometer, as depicted in Flate 2, is used for
evaluating external work of the upper limbs, It consists
of a bracket on which a flywheel is mounteds The bracket
is also used tec attach the assembly to a rigid support.

A friction belt is partially wound zround the flywheel's
perinhery., Cne end of the belt is attached to a weight
hanger, while the ¢tLher is attached to a spring scale,

A crank handle is provided on the flywneel. The handle is
used to effect rotation of the flywheel about the bushing
fixed on tie bracket (Plate 3), and ditterence between
anplisd weight ant =scale reading yives friction force (F)

impocsed on the flywheel. wWork performed (W) is calculated

a8 in equations 2.1 and 2.2
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Plate 3: Cranking of Hand Erqgometer
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2¢13e3 rTreadmill

A treadmill essentially consists of a conveycr belt
driven by & motor, through rollers, The belt is usually
inclined to allow quantification of work involved in
walking or running for specified time at known belt speed,
In operatiun, a zunject runs or walks on the inclined nelt,
and tnerefore does work against gravity, and the force or
gravity is uiven by the body's weiant, Speed of movement
is determined by belt speed. Horizontal work is zero;
since there is no movement in the horizontal direction,
If a person with welight (W) walks or runs on a belt moving
at a velocity (V) and inclined at an angle (69) to the
horizontal, then work (W) performed after a time Interval

(t) is civen by:
W = WV o+ SinQ P I 2.3

Jreadmill has been used nefore now for work measucrcements
and exerclisee It has alsu veing used extensively in
human physioloqgy stucies and alsc in studies involving
.nimals, ngate=Hill (1970) developed a treadmill used
in exerciring pige te discover the relationship between
exercise and food intake of tne pigs. Jette et al. (1969)
- constructed a motor driven treadmill for exercising small
laboratoery onimals with ten compartments in two adjolining

sections,

F L FT I vi? FRSI ]
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2413,.4 CLher Methods

Most methcds of work measurement nave limitaticns
either in form of time delay, error or non-consideration
of vuarying body efficiency and/or inability to isolate
work measurement desired. A method for direct,
instantanecus recording and measurement of the work
output of any muscle or muscle group to circumyent above
limitations was doveloped by Kittredge et al., (196%),

This involves use of electrodes on relevant muscle grouons
wnich produce electrumygram during dynamic work. wWorkrate

is ootained from the electromygram,

2.13.5 Physiological Indroxes and Wurk Measurement

jethods

york meacurement devices described in sections 7,13.,1-2,13,2
represent specialized equipments that are used directly
in evaluating work done in a particular pattern. For
examnle, the amount of enerqgy required to pedal a bicycle
under certain load conaitions, and the amount of energy
required for cranking or running upnhill or downslope.
However, in situations where work is performed in the open
using tools or machines as obtains in agriculture, woerk
devices brcume unhelpful. Fortunately, linear relationship

exists between physiological indexes and rate at which work
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is performeds Therefore, any tyove ot work could be

measured indirectly by employing the following two steps.

1.

2e

Ze14

Use a work messurement device tc caliprate between
woerkrate ana any convenient physiological index

for a particular worker,

Then use the calipbration graph obtained in step 1 to
evaluate woerk in the field after obtaining the
reloevint pnysiclogical inuex or the worker auring or

aiter completion of actual work.

“ifrocks ~nf Environmental Factors

cnvironmencal factors that are known to influcnce a

working subject can be divided into two greups: Thermal

factours and non=therirai facltocrs, The thermal factors of

environment include? temperature, numidity, ana retz ot

air movenent,

‘.L‘ii;.fi F e A

an

-

YT jered”



53

2¢ 1%e L Tomperatiare Factor

The body gains heat from:

a) sasic metabelism of the body (M)

b) Muscul=r activity of the body (VW

c) Radiation from the sun, artificial primary
sources and secrndary sources (R).

d) ~onductlicen and convection (C) from surroinds.

On the othzr hand, the body loses bhy: evaporaticn (£)
in form of sweat, radiation, convection and conuuctiovn.
For body tempcrature to be maintained at cptimal value,
there shculd be balance between the sources, mathematically

represented as follows:

Mo# W : ds : R =E = 0 D I ) 2"*

Upward deviation from optimal hcat value 15
counteracted by increasing sweating rate and by increased
blood Ielow the skin, with these conseguences aftroecting
body metaboliume It shoula be noted that,; humidity and
iir velocity of the surround aftects the evavoration

process of the body (Matthews et al., 1971).
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Since carly times, it has been realized that men are
affected Dy the ¢limate in which they live, Quantitative
studies abound that show the effect of temperature,
humidity and air speed on the working man. Bedford
(1954) stated that industrial werkers efficiency and safety
are affected by high temperatures, Vernom (1919) showed
the effect of temperature on cutput in a tin plate
manuf acturing coempanye. Hot weather output was found to be
congiderably smaller than output in cold weather, Similar
findings were reported by Nwuba (1981) in a study of
human cnerqy expenditure for selected agricultural tasks.

Apart from effect on output, high temperatures also
influence the physiology ot the human body., 1Incre sed
heart rate sweat rate and energy expenditure with rise in
temperatiire has been reported (Nwuba, 19813 Suqggs, 196713
Christensen, 1954). Christensen (1Y>4) observed that an
otherwise easy work could be streneous if performed under
high temoerature, comparntiveiy, moderate energy
demanding tasks qgave high heartrate, temperature and fluid
discharge as a result of prevalent adverse thermal

conditionse.
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Bedford (1954) reviewed carlier works on effect of
thermal factors, and cases were cited that showed increcase
in accigent frequency with unfavourable values of thermal
factors. lMoreover, those workers who do heavy work in great
heat and whoe are liable to sudden changes of temperature
are liable to sulter more from rheumatism and respiratory
diseases than those who are not exposed tu changes.

studies, greatly, showed that an environment witn
excessive temperature, moist and stagnant air cause
decline in cutput and poses potential health hazards
(Vernom, 1919; Farmer et al., 1923; Ireland, 1v¥21). Other
studies have shown that improvement of these adverse
conditicns improve output and efficiency (Davies, 1922;
Matthew, 1971; Christensen, 1954)., To avoid negative
health effects, suggestion hy Hedford (1954) entails that
conditions snoulc be created such that the average worker
can carry on his occupaticn efficiently and safely
throughout his working life. Matthews (1971) stated that,
for optimum comfort and performance conducive environment
should be created 1n design of work places and in the design
of farm buildings and plants. Human body performs optimally

when its te.perature is approximately 98°F (36.6°C) when
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measured below the tongue., Christensen (1954) sugy:sted
three methods of ratiuvnalization for tasks performed uncer
adverse thermal conditions:
le Reduction of the rate of work
le The normal rate of work is maintained but the
periods of work are made relatively snort and
alternating with reqular cooling pauses,

3a The climatic conditions be modified.

21442 Humidity Factor

High relative humidity tends to increase the energy
expenditure requirement of a task (Su:gys et al., 1958). The
body loges heat by: evaporation in form of sweat,
radiation,; convection, and conductions Humidity of the
environment afrects processes of evaporation in form of
sweat, or high numidity, evaporation from the surface
of the skin will be retatively low. This leads to rapid
increase in body temperature (Matthews et al., 1971).

There is an interacting relationship between temperature
and humicitye For a given environmental condition,
increase in temperature will lower humidity and vice versa.

An environmentwith excessive temperature, moist and
stagnunt 2ir has heen shown tc cause decline in output and

poses potential health hazards (Vernon, 1919).
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241443 Other Factors Affecting Performance

noise, dust and vibration are known tc affect both
mental and physical capability of man. Knapp (1966)
observed that mental strains of getting a job done and
preoccupation with weather and markets coupled with physical
factors such as heat, dust, vibration, and noise reduce the
mental capabilities of man.

Noise has potential health hazard on machinery
operatorse Hearing tests on tractor drivers indicated that
exposure to tractor noise for long periods caused a typical
early loss of hearing at 4000 HZ (Chen et al., 1971).
Scientific investigations have indicated that a sound level
of 90 db or higherwas considered excessive (Diener et al.,
1965). liuang et ales {(1968) investigated the eftect of
noise on tractor operator performance. E£ven thcecugh tractor
noise did not aftect steering task and problem solving,
it had sianificant effect on tracking performance, with
betcter porformance at lower noise levels., Heartrate was
found to increase four steering and prublem tasks as noise
level rises.

Due to increasing concern shown by farmers, Ryland
et ale (1970) have sought to vevelop and evaluate noicse
reduction treatments for agricultural tractors. Ztangl
et al. (1973) cdevelioped & tecnnique for =valuating potential

means of reducing exhaust noise,

- y ,.-.-ér_f‘ﬂ
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Hung ot al, (1967) studied the vibrational effects
of different field operations on tractor operator in
vertical, longitudipal and transverse directions., They
cited vibrotion as one of tne most important factcrs in
the total environment that affect man-machine systems.
Vipbration is not only related to mechanical factors but
has significant ~ofrect on extent of fatigue and similarly
afrects sensitivities and reaction rates of the human
operator in a man-machine system. Abrams et al. (1969)
studied the characteristics of chain saw vibration to
reduce the severity of the vioration impacted on the nands
and arms, which has been found to have potential disabling
effect.

Other studies conducted have shown negative effects
of vibration on ouiput, coufort and health of the operatives
(Manby, 19633 itossegger et al., 1960J.

Dust is known to be hazardous toc the respiratory
systems However, extent of damage depends on quantity,
size and composition of particulates (Pundy et a1, 1975).

Numerous researchers have demonstrated the deleterious
eftedt of bad posture on performance and health (Vos, 19733
Gupta <t al., 7981; Nwuba, 1981; avami, 1983). Vvos (1973)
investigated the physical lcaed for cifferent postures at

ditterent working levels ana rate of forward movement.
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Physical load and performance was found to vary between
the different compinations, To reduce bad working posture
with implemenls mounted behind a tractory; GJOFLUT (1980)
suggested the use ot big convex mirrors which will give
¢ lear view of tractor rear,

Other factors wnich af.ect perfcrmance and comfort
in varying degrees include: 1lighting intensity, control
arrangencents, work place design and quality of display

(Weodson, 1964),

2015 Anthropometry

25157 Concept of Anthropometry

Anthropometry 1s a discipline or numan engineering that
deals witn measurement of human subjcects., 2o0ebuck et al,

(1975) defined anthropometry as follows:

'*Anthropometry 1s the anplication of scientific
pnysical measurement methoeds to human supjects

for tne development of engineering design standards
and specific requirements and for evaluation of
engincoering drawings, mock-ups, and manufactured
nroducts for the purpose of assuring suitapility

ol thcese pruducts for rthe intended user popul:tione!
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Often, cause of padly designed ecuipments has been
traced to inconsiceration of prospective users, or inubality
to fit an cquipmont to likely user population. Antnrupuinetry,
as a dizscipline of human ecngineering, alms at solving this
problem by aiding Lo achieve compatability between a
product «nd its ugers., sbsence of this compatability
betwecen product and user, has resulted in unnecesczary
fatigue, low proauctivity, hecalth hazards, accidents,
unsuitable pocture, and discomfort (Morant, 1v54;
Akerblom, 1954, Murrel, 19Yv4; Woodson, 1964; Roebuck et al.

19753 Wagami, 1983).

21542 seneral spproach to Problems in Anthropometry

[

For any practical design purpcse, unthropoméiry
regquires that the 'user population' be defined. This
includes all zorsens who will likely use the product during
its useful life. Uescription can either be explicit, or

ill deucribed as to allow only gross approximations to

their anthropometric measurements (Roebuck et al., 1975).
Then rclevant cdata, with respect to conceived agesiagn arc
obtained, Oata could be simple segment dimensions, strength,

limit of jolnts' movement, reacn, visibility, etc.
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Many methods exist for analysing these data to
evolve practical design criteria. Designers and researchers
have used/or eveolved methods depending on experience,
requirement and peculiarity of a situation., Woodson et ale
(1964) has suggested that, for efficient use of available
data for practical puypposes, dimensions should be counsicered
from a functional point of views This implies tnat, short
or lesser dimensicons should be used for defining reach
limits, and long or groater dimensions should be use? for
defining clecarances, In addition to above, Clement (1954)
recommended that joint movement and posture should alsc
be considered,

In vhat could be considered as a general tread,
Roebuck et al, (1975) suggested defining a 'user population!
as a first step towards evolving a design criteria,
from the populatlion, a representative sample is selected,
as it is econumicalily undesirable to measure every incividual
in a nopulations (elevant data are evaluated, and statistical
wethods «re employed to develop design criteria, specifying
the range v: cach parameter for which a product must be
designed,

Anthroepometry has important branches, that deal in
depth with measuremen. s of certain characteristics of
human subjccts. .0 important exumple of these brancies ot

engineering anthropometry that deals with kinetics and
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kinematics of the human body is known as Biomechanics,
Roebuck (1975) defined Biomechanics as an interdisciplinary
science of mechanic2) skructure and behaviour of Dbiclogical
materials, This branch is concerned with dimensions,
composition and mass properties ot body segments; joint
types and their mobility; mechanical reactions of body to
external forces; and mechanisms of voluntary acticons of
the bodye

A related subdivision to Biomecnanics is kinesiology,.
Barham (1v78) defined kinesioclogy as the study of numan
movement in all its ramifications. This study is important

in integration of movenents of opcrators and work.

21543 Scme Applications of Anthropometry

Bad work place design has often resulted in low
productivity., And the necd for compatablility petween
dimensions of the cquipi.ent and tne operaror has been
realised, This awareness and the need to curb etfect of
negative effects as regards bad designs has resulted in
the developnent of general priaciples and procedures
supported by a special series of anthropomectric appli.ation
techniques and devices for engineering design and analysis

(Reebuck, 1vs5). .. work place envelope must be cumpatible
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with the anthropocmetric dimensions of the particular
population of workers who will be using the proposed
equipmentes Dimensions of the large worker should be used
to determine limits of reach. Apart from above consideration,
it is also important to lay out the work space acccording

to the way it will be used, This r.quires consideration

ot psychclogical factors such as procedural logic,
naturalness of relatlonship and standardization to minimize
learning time (Woodson, 1Y64). A problem of cockpit
dimensions in a single-=seat fighter was solved by method

of 'expiriwental trials.' This included collection ot
data, crection of mock-up and test for suitability

(Morant, 1952),

For handtcols, the key man-machine interface is the
handle, Therefore, tool handle shculd be made to fit the
hand, cither resulting in a tontour interlecking or
allowing relative movement between hand and toeol, For
effective trancfer of energy between hand and tool, knurling
or grooving or assymetrical shaping of the handle are ofgen
useds Functional use of tool should ke compatible with
motion inventory and strain capacity of the human body
(Roebuck, 1975)« 1In addition to above requirements, there
is need for dimensional compatability between cuerator

and a hand tecel obtained by antnropometric applications,
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Nwuba (1981) cunducted human energy studies on selected
agricultural hand tools, He discovered that for all
considered tools, tool type had significant effect on
‘resp.nse variables', (i.e. heartrate, energy expenditure/
output, physical output). Moreover, it was discovered that
most tools were short handled and modified types based on
anthropometriec censiderations were better in operformance
and enerqgy demand, Jagami (1983) conducted a survey to
collect antihropometric data of farmers and existing tools
used by thems The survey covered thnree zones around
Zariae Afler analyrsing the data and collating with data
obtained from tool cecllected, he discovered that the tools
were dificient in design. He, then, evulved design
criteria Lased on deta ovtained, and made other useful
recommendat ions 0 as to enhance productivity and lesser
health hazards con operators of the hand tcols,

studies by All et al., 1986 showed that there is need
to develop difterent tools for women separate from that
of men., Using anthropometric dimensions cf women, design
criteria was doveloped for weeding hoe, ridging hoe,

pestle and threshing stick.
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CHAPTER THREE

EXPERIMENTAL METHOD AND EQUIPMENT

To carry out objectives as stated under introduction,

the following methodologies were adopted:

3:1 surveys

301«1 Milk Processing Survey

To fully understand the present practices of the
Fulanis in the dairy industry and tc have an indepth
knowledge of their socio=cultural activities a survey was
undertaken around Zaria, Dambatta, and at Falgore. The
states where these locations are found are shaded on
Fige 3ele Method employed was tc administer structured
questionnaire on respondents. Questionnaire used is given

in Appendix I.

3.1.2 Fura Processing survey

To have a grasp of state of the art practices in areas
known for *'Fura' production and consumption and to understand
fully variation in methods for different locations; a survey
was undertaken to Sokoto, Kebbi and Katsina Ltates and
within Zaria (Kaduna State). Areas covered are shown on
Fige 3.2, Two methods were used in this survey: a
structured cuestionnaire and a work programme (involving
historical decumentatiocn, quantification of process and
detailed data collection). CQuestionnaire used 1s shown

in Appendix v,
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Fige 3.1: Map Showling States Covered in

Milk Survey,

KANO STATE

KADUNA STATE
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