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ABSTRACT

Ergonomic principles were used to develop simple tools
I:g: kneading, deskinning as well as reclling and cutting
Opérations in traditional grohndnut-oil extraction process.
Attempt was made to quantify amount of water required
during the kneading process.

The developed kneading m=chanism allows for operation
in a comfortable sitting posture. It gives a higher
extraction efficiency (0.5 - 0.9) compared to the IAR
Modified Pestle (0.1 - 0.7) and the Traditicnal pestle (0.5
- 0.t , for groundnut quantities ranging from 2.2kg to
6.6kg. The developed kneader also resulted in reduction of
energy expenditure in the kneading operation. For example,
for 6.6kg of groundnut, reduction of energy expenditure was
37.36% and 32.41% compared to the Traditicnal Pestle and
thhe IAR Modified Pestle respectively. In addition,
cperational time was reduced by between 33.0% to 52.17% or
3.3 min/kg to 5.5 min/kg, depending c¢n gquantity of
groundnut.

The Improved IAR Deskinner wvirtually eliminates the
winnowing process, and allows for opsration in a
comfortable standing posture. Groundnut deskinning with
the improved deskinne? requires 1.1 min/kg, compared with
2.3 min/kg with exiétipg tool, resulting in time reduction
by 52.17%.

The ‘eveloped Cake Roller/Cutter resulted in an
operational time reduction of 62.0%, when compared to the

use of hand.
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Correlation analysis of weight of water added and
guantity of groundnut kneaded gave a correlation
coefficient of approximately 0.99 for each of three
different tools‘used. Also, regression analysis of the
relatipomship indicates the existence of a model linear
regression equation linking the two quantities.

System analysis, taking into consideration various
options for processing groundnut (from roasting to frying),

showed that by using devices developed above, total

operational time was reduced by upto 38.3%
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CHAPTER ONE
INTRODUCTION

Groundnut, which tpgditicnally constituted an
important component of Nigeria’'s export, has shown a
decline from 18 percent in 1268 to virtually no exports at
all in 1975 (CBN, 1976). This situation could be
attributed to <decrease production and increase in
population. As population and incomes of Nigerians
increased, the proportion of the crop consumed locally also
increased (Abalu, 1978). Most of this domestic consumption
takes the form of locally processed oil and cake.
Groundnut-oil is an important ingredient in the diet of
many Nigerians. Groundnut-oil is the leading vegetable oil
that is processed mostly in the Northern parts cof Nigeria.
The oil and fried cake (Kulikuli) are generally sold in
bulk to retailers, or are retailed by children and adult
women (Dunmade, 1991). Thus groundnut-oil processing is an
important income generating activity.

The operations constituting traditicnal groundnut
processing start with shelling of the dried groundnut
kernels to remove the seeds. The seeds ar=s then roasted to
facilitate the removal of their skins tkrough winnowing.
The deskinned sequ are then ground (rmilling) using a
variety of tools to form paste. The paste is then kneaded
to extract the oil. The oil is clarified by boiling and
the residue (cake) is hen shaped and fried in the oil to

form kulikuli.
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Dunmade (1991) reported that, womsn dominate the
traditional groundnut-oil extraction industry in Nigeria.
She reported that out of 436 processors interviewed in
three Northern states of the country, nams.y; Kaduna, Kano
and Niger, 75 percent claimed that they we:rs processing for
income generation. All respondents used :traditional tools
and methods which normally involve high dr.dgery, resulting
in greater man-hour requirement for comrletion of tasks
and/or incomplete o0il extraction. Sever:ty-three percent
indicated their preference to increasinc productivity by
using improve equipment rather than alloca:zing more time to
the processing.

Another study on traditional systems >f groundnut-oil
processing in Nigeria by Nalumansi znd Xaul (1992)
identified operational constraints, lik: high ZIevel of
drudgery to be associated with some c¢I the processing
techniques. Hence they recommended zhat for higher
productivity of the traditional processing methods and
enhance quality of the products, the following parameters
require due consideration.

(i) Elimination or reduction of the drudgery

involved in the kneading coeration;

(ii) Standardization of the s:.ze and shape of
groundnut-meal pieces and ~he incorporation
of a low-pressure o0il extraction mechanism
at the forming stage (i.=. elimination of

secondary extraction) ;



(iii) Standardization of the amount of salt and
water added at the beginning of the primary

extraction process;

{(iv) Elimination or reduction of delays' inherent

in the entire processing periods;

(v) Accomplishment of a thorough emptying of the
mill by washing out the remnants of the
milled groundnut with water which should be
part of the amount required .. the kneading

operation.

Nalumansi and Kaul (1992) attempted to lessen the
drudgery involved in the traditional kneading operation by
designing a Modified Pestle for use in conjunction with
commonly available mortar. Available small-scale
mechanized egquipment for groundnut-oil extraction are
imported and the prices quoted ranged from eleven thousand
to fifteen thousand naira, which was Eoo high for an
individual traditional processor to afford.

Considering the importance of this activity as a
revenue generating source for many women and a gateway for
an important componeﬁt qf our diet, this work is aimed at
improving the varicus tasks that constitute the process.
This is with the belief that production abil” y of the
traditional groundnut-oil processors cculd be enhanced by

designing affordable efficient tools and/or methods to
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reduce time and the high level of drudgery involved in some
of the tasks. Common approach is to start with a thorough
scientific investigation on the methods and tools used in
the traditional processing system, in order to ensure the
evolution of apbrdﬁriate solutions.

In this regard, ergonomic studies need toc be carried
out on the entire traditional-oil extraction system with
the aim of assessing the degree of compatibility between
the tools in use and their users. This study will reveal
kind and types of limitations and constraints imposed by
the tools and/or methods on the operator, and how these
limitations and/or constraints contribute to the drudgery
levels and man-hour requirements for specific methods in
the extraction system,

The objectives of the work include to:

1 perform ergonomic studies of present

methods/tools used in groundnut-oil processing;

. identify areas of constraints/intervention to

upgrade present process;

3. develop improved methods/tocls to remove

identified constraints;

4. compare improved methods/tools with existing

processes.



CHAPTER TWO

LITERATURE REVIEW

221.0 TRADITIONAL FOOD PROCESSING IN NIGERIA

A study by IDRC (1973) found that in the northern
parts of Nigeria where grains are much more predominant, it
is women who mostly engage in the processing of groundnuts.
The study further revealed that 78 percern: of rural women
engaged in food processing use traditional technologies
that are labour consuming. According to Erinosho and
Fapohunda (1989), traditional food processors see the
business as laborious, unprestigious ané .ould not like
their children to undertake it as a career. Dunmade (1991)
found this attitude to be understandable zfter considering
the fact that most food processing activities in Nigeria
are still carried out with traditional :zechnology which
requires a lot of physical energy input. This situation,
according to Dunmade (1991) underscores the need for the
use of simple appropriate technologies that will ease the

hard labour required in food processing enterprise.

b 5 S FACTORS AFFECTING TECHNOLOGICAL INTERVENTIONS

An improved technology, according tc UNIFEM (1987) may
prove to be inapprpﬁriate for social, ecornomic, cultural or
environmental reasons. It was observed that technoclogies
which are not based on a good understand:ing of traditional
processing techniques tend to have a low accr -ance rate.

Also, lack of infrastructural support and services as well

as the inability of the user to maintain and replace parts
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using locally available resources and skills at affordable
price results in non-acceptance of an improved technology
(UNIFEM,$1987). In addition, UNIFEM (1987 has established
that economic factors are often a constraint to the
adoption of improved technoclogies by traditional processors
as a result of their being denied access to formal lines of
credit, because of their inability to provide collateral.

In this respect, UNIFEM (1987) has established that
the introduction of any appropriate and acceptable
processing technology, especially for traditicnal food
pfocessors who are mostly women, requires a thorough
understanding of the socio-economic and cultural relations
of the users. This implies that before attempts are made
to introduce improved tools and methods fcr oil extraction,
according to UNIFEM (1987), an effort shculd be made to
understand the traditional methods being ewployed (UNIFEM,
1987) . This call for the conductance cof socio-economic
research alongside technical research, if technologies
which seem to be applicable, relevant and acceptable are to
be introduced. There is also the need to pay attention,
not only to identifying the wants, nceds and problems of
the traditional processor, but also toc the possible

consequences for the end users (UNIFEM, 1987).

2.2.0 GROUNDNUT : Types, Production, Processing and
Trade

Groundnut, also referred to as peanut is a nourishin:z
food. More than a quarter of groundnut is protein whilst

about half is oil. Thus the importance of groundnut
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production and processing in Nigeria, according to Abalu
(1978), lies not only in the crop’s role as a key foreign
exchange earner, but also in its role as a source of
protein to meet t;L inadequate diet of Nigerians and an
important source of supplementary feed for a growing
livestock industry.

Groundnut is a crop belonging to the leguminosae
family. Its cultivated variety is the Archis Hypogaea.
The multiple nourishing value of groundnut offers a wide
range of food and industrial products among which are:-

the whole groundnut; : groundnut o©il; the groundnut

paste; and the groundnut cake (SEDIAC, 1578).

2.2.1 Origin

Historically, according to Hammons 1973}, groundnut
was supposed to have been introduced int: the West Coast
area of Africa at the beginning of the 1€éth century by the
Portuguese, and also into the Philippines by the Spanish.
It was then presumed to have spread from the Philippines to
China, Japan, South-East Asia, India and the East Coast of
Australia. It finally reached Madagascar as well as the
East Coast of Africa from Sri Lanxa or Malaysia,
presumably. Subsequently, groundnut was carried to America
with the slave tr;de from the West CTocast of Africa
(Hammons, 1973). This explains the tracing of groundnut
(SEDIAC, 1978) to the Grain "haco area, which includes the

Paraguay and Panama valleys.



2.2.2

a etie

As noted by Woodroof (1983), it must be pointed out,

first and foremost, that any listing of gr-undnut varieties

is incomplete,

The various cultivated tyves of groundnut

can be divided into three main varietal groups. These are

Virginia, Spanish and Valencia. A fourth one, known as the

runner, which is genetically linked to the Virginia type is

mainly cultivated for commercial considesrations (SEDIAC,

1978) :

(1)

(ii)

i)

{(iv)

Virginia:- It is charac:erized by large
pods containing one or ._wo elongated
kernels. The constricticrn of the shell is
well marked. The kernels ave well separated

and without any f_atteread area;

Spanish: - It is charac:erized by small
pods, generally containirnz two round, well

separated kernels;

Valencia:- The pod of this variety is
smooth without ary constr:ction. The shell
contains three seeds whic: very often have
flat .extremities;

Runner:- The kernels ar2 small and less

elongated, often with a f.attered part.

Selection of any variety has beer found (Woodrocf,

1983) to be always based on adaptation t- local conditions
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(climate and soil), disease resistance and yield. In
Nigeria, as in several African countries, t:2 Virginia type
is used as a selection basis for the Jevelopment of

improved varieties (IAR, 1989).

3.2.1 Production in Nigeria

There 1is no doubt that groundnut nas played an
important role in the crop economy of Niger:a, according to
Harkness, (1976). Abalu (1978) reported that the estimated
production level ranged between 0.8 to 1.2 —illion hectares
annually. He also indicated that in 1971, over 75% of the
area and 85% of the production of groundnuts were accounted
for by Kano, Kaduna, Bauchi, Borno, a=i the "former"
Gongola States.

Though Nigeria was the third larc:st producer of
groundnuts in the world after India and Znina upto 1969,
her production trend has since then been c= the decline and
has been surpassed by ccuntries such as Senegal and United
States of America (Abalu, 1978). There wzs an improvement
in production between 1991 and 1993 as irdicated by Table
2.1, yet Nigeria’s level was surpassed by that of the

United States of America (FAO, 1993).
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TABLE 2.1: ANNUAL PRODUCTION LEVEL OF GROUNDNUT (kg/ha)

"""""""""" 1979-81 1988 1989 1990 1991 1992 1993
world 994 1212 1161 1141 &1s51 1185 1190
Africa 728 774 782 _ 800 798 742 766
Asia 1022 1324 1244 1223 1182 1282 1314
N/Cen. America 2253 2425 2428 1997 2434 2491 2115
South America 511 1881 1532 1742 1952 1854 2020
Nigeria 829 695 813 850 1166 1214 1250
Ghana 1307 1755 1261 1200 670 769 769
Senegal €59 800 1077 1039 831 605 686
Sudan 792 860 449 667 780 778 512
Zambia 640 485 550 519 403 373 622
India 838 1132 1043 938 815 1026 1006
China 1487 1911 1817 1961 2188 2001 2201
U.s.Aa 2590 2740 2719 2385 2740 2871 2375

Source: FAO (1993)

2.2.4 World Production

Although groundnut is considered to be predominantly
a crop of the tropics, the approximate limits of present
commercial productiqn are between latitudes 40°N and 40°S
(Gibbons, 1980). According to FAO Trade Statistics (1993),
the world production was just over 22.8 million tonnes.
Asia remains the largest producer (15.8 million tonnes)
followed by Africa (4.7 million tonnes), Nc. ch and Central
America (1.7 million tonnes) and South America (0.6 million

tonnes) .
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Comparison of these production figures with those for
1978 indicates an estimated increase in world production by
2.9 million tcnnes. Asi%’increased its production by 4.9
million tonnes whilst the otﬁers experienced a decline in
production. * Africa’'s production level decreased by 0.5
million tonnes, North and Central America by 0.28 million
tonnes and South America by 0.2 million tecnnes. Table 2.1
gives the production levels from 1979 to 1993 (FAO, 1993).

With respect to individual producing countries, India
is the largest producer (7.5 million tonnes) followed by
China (6.1 ..llion tonnes), Indcnesia (0.9 million tonnes),
U.S.A. (1.56 million tonnes), Senegal (0.8 million tonnes),
Nigeria (0.68 million tcnnes) and Sudan (0.4 million
tonnes). Comparing with the production es:imates of 1978,
India increased its production by 1.3 mi.lion tonnes and
China by 3.3 million tonnes. The U.S.A. experienced a
shortfall of 0.24 million tonnes, Senegal by 0.2 million
tonnes, Sudan by 0.4 million tonnes and Nigeria by 0.02
million tonnes.

According to Gibbons (1977), yields in the semi-arid
tropics are low (around 800-900 kg/ha) ccmpared to yields
of approximately 2,500 kg/ha in the developed world, the
major constraints be%ng pests, diseases and an unreliable
rainfall patterns.r

Analysis by Florkowski (1994) has establish that in
West Africa, “here was a decrease in major producing
countries during the 1980s over the 1960s, although output

was fairly stable for the region as a whcle. Ivory Coast .
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nearly doubled its output in the 1980s, wiile 1n Benin
Republic, producticn increased by 134 percsnt between the
1960s and 1980s. In Easterp Africa, overill production
increased over the period 1960 - 1989. -n Sudan, the
increase was by 136 percent during the 1970s, but Uganda's
average output in the 1980s dropped to 37 percent below its
1960s level. In Central Africa, Zaire’s cuiput increased

by 89 percent over the three decades. In Scuthern Africa,

the trend was for a decrease in productiorn.

2.2.5 ses (Domestic and Industria

(i) Groundnuts are widely <ccnsumed as  a
nutritious edible nuts contr:iruting protein,
carbohydrate, fat, vitamins and minerals to
the diet;

(ii) It is a source of high quality edible oil
which, because of its eass of refining,
outstanding stability and general
characteristics, enjoys a prize premium over

other competitive ocils (Harris, 1382);

{i11) It can be boiled, roastezZ, pounded and
grounded to provide snack fczd, roasted unit
confectionary products, scurs and stews as

well as groundnut butter;

(iv) The oil-cak2 residue from =h= groundnut oil

extraction is also a vz_uable protein-



(v)

(vi)

(vii)

(viii)

(ix)

(x)

13
source, used as animal feei and also for

human consumption when fried (Kulikuli);

Protein concenkrates and isdolates can be
prepared from groundnuts for specific
purposes, such as for the production of baby
foods. According to Chandrasekhara and
Ramana (1968), formula for aroudnut floUr,
biscuits, and milk from groeundnut have been

elaborated in India;

The groundnut flour can bpe mixed with
skimmed milk powder to procd.ce "Arlack" or
with millet flour to preciuice "Ladylack"
(Nigeria and Senegal);

Using protein extracted from the cake, glue
can be produced for boards, or a nutritive

milieu for the preparation ¢f antibiotics;

In many countries, the cake is used as an

organic amendment for fertilizer;

The groundnut husks are a rajor by-product
widely used as fuel and tc a more limited

extent as animal forage;

The shell can be mixed with various products

to produce drilling mud;
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{xi) The shells, either natural or in compost
form may be incorporated :n the scil to

provide a considerable incrzase in organic

matter content. It also serves to improve

the structure and increas2 the moisture

retention of the soil;

(xii) The shells are also used to rmake agglomerate
particle boards after grinding, drying and

the addition of gum;

(xiii) According to Francois (1964 , the partosan
contained in the shells maxs it possible,
after hydrolytic cleavage, to obtain a
material known as furfural. Alsc by using
soda or Sulphite, cellulosz can also be

extracted from the shell;

{xiv) The shells can be grounded and mixed into
feed for ruminants to pr:ovide roughage

(Utley et.al. 1973; Boza et.zl., 1969).

2.9.86 0il Content

The percentage ©0il content in groundnu:z, according to
TPI (1971) ranges between 38 and 50 percen:. In Nigeria,
continued search (IAR, 1989) has resultecd in the release

of several improved varieties as indicated oy Table 2.2



15

TABLE 2.2: GROUNDNUT VARIETIES DEVELOPED IN NIGERIA
Variety 0il Content Year of
% (¥ Dry Basis) Release
SAMNUT - 1 53 - 55 1960
SAMNUT - 2 53 - 85 1960
SAMNUT - 3 53 = 85 1970
SAMNUT - 4 55 - &5 1970
SAMNUT - 5 535 1970
SAMNUT - 6 52.5 1970
SAMNUT - 7 5l - 53 1980
SAMNUT - 8 55 - 60 1980
SAMNUT - 9 50 - 53 1980
SAMNUT - 10 55 - 60 1988
SAMNUT - 11 55 - 80 1988
SAMNUT - 12 51 = 63 1980
SAMNUT - 13 50 - 53 1980
SAMNUT - 14 50 - 52 1588
SAMNUT - 15 50 - 53 3970
SAMNUT - 16 55 - 60 1988
SAMNUT - 17 53 .~ 85 1988
SAMNUT - 18 53 - 55 1988
Note SAMNUT = Samaru Groundnut
Source: IAR (1989)

Thus the composition of groundnuts, naturally, vary
according to the variety, location and year of production
(Holaday and Pearson, 1974), Table 2.3 gives the general

composition of the whole groundnut kernel.

TABLE 2.3: GENERAL COMPOSITION OF GROUNDNUT KERNELS
Constituent Range (%)
Moisture 3.9 - 13.2
Protein ; 21.0 - 36.4
Lipids (Oils) .l 35.8 - 54.2
Grude Fiber 1.2 - 4.3
Nitrogen-Free Extract 6.0 - 24.9
Ash 1.8 - 3.1
Reducing Sugars 0.1 - 0.3
Disaccharides 1.9 - 5.2
Starch 1.0 - 5,3
Pentosans 2.2 - 2.7

Source: Feiman et.al. (cited by Woodroof, 1983)
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2247 Traditional Processes of 0il Extraction in
Developing Countries

Traditional systems of -groundnutﬁbil extraction in
developing countries involve the use of both manual and
small engine-operated macﬁinés. Though literature on the
traditional processing methods and the equipment used,
there-of, is very scanty (Nalumansi and Kaul, 1992). The
various techniques applied for each processing operation

are summarised in Table 2.4.
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TABLE 2.4: SUMMARY OF TRADITIONAL GROUNDNUT-OIL EXTRACTION TECHNIQUES

OPERATION TYPICAL TRADITIONAL TECHNIQUE

i.  Removing nuts from  Done manually or by hitting witg stick
shells

11._ Winnowing Using flat baskets cr pans with current

assistance

11i. Sorting Done manually

iv. Roasting a. Done in open pans over

v. Skinning a.

vi, Grinding into paste a.

vii. Primary oil
Extraction a.

viii. Secondary oil

direct fire

By exposing the groundnut
under direct solar | heat
{sun)

By rubbing the nuts between
two stones

By rubbing ..e nuts between
a stone and a mat or jute
bag.

By rubbing the nuts between
a wood and concrete or a
mat .

Done with the assistance of
a mortar and pestle manually
or with animal power (called
Ghani in India).

Rubbing between flat stones.

By exposing the crushed meal
to the heat of “he sun.

By compressing the meal in
baskets using wooden levers,

By kneading using a mortar
and pestle, either manually
(as in Nigeria) or animal
power (as in India).

By adding boiling water to
the meal, stirring and
scooping the o0il off the
surface (common in Ghana) .

Extraction By hand-pressing or kneading on a wooden
board (ruling) or a wide flat stone.

ix. Frying the rolled Frying with o0il extracted from vii and
viii in a deep pan over ope

meal (minor fire,
extraction and oil
purification

Source: Nalumansi and Kaul (19%2); UNIFEM (1987).
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i f Tradi m
The following merits were reported by Nalumansi and
Kaul (1992): ) s

i) The entire operations can be done within a
defined enclosure; i

ii) The only expenditure is on the purchase of
groundnut and firewood (to some extend);

Demerits of Traditional System

The demerits of the traditional system were reported
by several authors (Nalumansi and Kaul, 1992; Dunmade,
1991; UNIFEM, 1987) as follows:

i) Operations are done with heavy drudgery;

ii) There is normally nc consistency in the degree of
roasting which usually takes tco 1long to
complete;

iii) The kneading operation, done manually, is
strenuous and also takes a longer time, usually
requiring more labour;

iv) The o0il extraction process is usually left
incomplete due to the high drudgery involved;

V) There is normally no proper means of regulating

heat for those operations which regquired heating.

2.2.8 Past Improvements on the Traditional Processing
Techniques

Continued research has led to the development of
improved processing techniques and/or tools for most of the
processing operations used in the traditional system.

Table 2.5 gives those operations for which an improved
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technique (s) and/ar machinery exist (Nalumansi and Kaul,
1992; UNIFEM, 1987).

A line diagram by Nalumansi and Kaul (1992) o
illustrating the traditional groundnut-oil extraction
system, incorporating one of the improved r.echr':iqixe‘ (i.e.

milling) for grinding the groundnuts into paste is also

shown by Figure 2.1.
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TABLE 2.5: SUMMARY OF VARIOUS EFFORTS TO IMPROVE
TRADITIONAL PROCESSING TECHNIQUES

OPERATION ? IMPROVED PROCESSING TECHNIQUES
i. Removing nuts from By using a mechanical

shells. Decgogator,
ii. Skinning. By using a metallic sieve and
a

rubbing plate lined with a wire gauze.
iii. Grinding into paste. By the use of a Disc Mill or a

Roller Mill.

V.. Primary e ‘raction
of oil. a. By the use of a mortar
with a modified pestle
fitted with a
mechanical device to
simulate t he

traditional mode of
operation.

b. By the use of
continuous screw
presses or a closed
hydraulic press.

Source: Nalumansi and Kaul (1992); UNIFEM (1987).

2.2.9 Attempts Toward Improving the Traditional Primary
0il Extraction Process

(i) Attempts in Nigeria

During their studies on the traditional system of
groundnut-oil extraction in Nigeria, Nalumansi and Kaul
(1992) identified the kneading operation as the most
difficult task as 211 as the key operation in the entire
processing system. They observed that during the kneading

operation, others had to assist the person kneading by -
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-

holding on the mortar to keep it stable. 7T: sy assigned the
reason for this extra support granted the -perator to the
fact that the groundnut paste becomes harZ:ned and tougher
to turn during the process, ﬁénce causing the morter to be
unstable. Studies on the motions of the trzditional method
of kneading led to the development of an i~rroved mechanism
(IAR Modified Pestle) by Nalumansi and Ka.l (1992).

A model hydraulic press for oil extraction was also
developed by Eke et.al. (1988). They rsvorted that the
machine could extract oil from several :-il seeds, even
though it was basically des._.ed and c-onstructed for
extracting-oil from beniseed. Experimenta. test results on
the model hydraulic press showed s:c-e performance
constraints. Eke et.al. (1988) disccvsred that the
hydraulic jack component of the press cc.’d not generate
the expected high pressure required :I:r complete oil
extraction from the meal of the beniseed. They also found
out that oil was not completely pressed >ut of the meal
when the press cylinder was filled up. Tr:zy also reported
the presence of suspended materials in -2 extracted oil

which had to be sedimented and the cil a=-antced.

{ii) Attempts in Burkina Faso

In Burkina Faso, a screw press was :>ntroduced into a
"United States save the Children" Federa::on project with
a view to improving the traditional =etho2 of groundnut oil
processing. Although the press eliminateZ the operation of

skimming oil from the surface, the small round plate that .
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fits into the cylinder to press the nut, rezularly stuck at
an angle inside the cylinder, because of uneven pressure
caused either by inccnsistent chopping ¢ the nuts or by
the fact that they were iﬁadequately' p--nded (Corbett,
1981). The press large enough to take abc.t two kilograms
of nuts at a time, could not produce enouc: 0il to make it
worth the time and effort. By virtue of i: being heavy and
hard to clean, the screw press totally t=came unpopular

(UNIFEM, 1987).

2,2.10 Advanced Technologies for 0il Ex:raction

Various advanced techniques have k::n used in the
extraction of oil from cil-bearing seeds. Table 2.6 gives

a summary of some of these techniques.

TABLE 2.6 SUMMARY OF ADVANCE PROCESSING TEZHNIQUES

OPERATION ADVANCE PROCESSIN: TECHNIQUE
i. Winnowing &, Floatation c¢I the kernel in
brine.
b. By use of -oving inclined
belts.
if. Sorting(cleaning) a. Using 1rotzary sieves to
extract dirc.
b. Using magnsts to extract
metallic par:zicles.
c. Use of air--zts to extract
husks and dust.
d. Use of plr:-oelectric-cell

beams set a: correct kernel
colour to d:istinguish mould
infested ker—els I(separated
by jets of &.r).
iii. Roasting This is done under controlled or
regulated conditions 2f 90°C for
about 20 minutes and w:-h about 8 or 10



iv.

Skinning

(a)

(b)

24

percent moisture content. Steam
jackets are often employed.

This is done by Blanching. There are
four methods: ¥

The shelled” groundnuts are heated at
140°C for 25 minutes. The skins crack,
and the groundnuts are then cooled and
afterwards passed between brushes or
ribbed rollers which remove the skins.

Hot Water Blanching

In this process, the kernels are rolled
over fine stationary steel blades which
cut the skin longitudinally on both
sides. The kernels are sprayed with
hot watfr to loosen the skins which are
then woved by passing the kernels
between a rubber pad and an oscillating
cloth-covered pad. Finally, the
kernels are dried under a current of
hot air (45 °C), over a period of six
hours.
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(¢) Sodium Hydroxide Blanching

Here, the shelled nuts are immersed for
8 seconds in a one percent solutions of
sodium hydroxide and then rapidly
dipped into a one percent scXution of
hydrochloric acid to avoid the
appearance of any red stains on the
kernel. The skins .are rinsed off with
water and the kernels are dried.

(d) dr n Per e Blanchi
In this method, the nuts are immersed
in the hydrogen peroxides for a period
of 30 to 60 seconds. The catalase
contained in the groundnut decomposes
the peroxide into water and oxygen
which causes the skin to swell away
from the kernel, providing easy
removal. The whole operation is said
to take between 10 and 15 minutes to

complete.
v. Extraction (a) Co u solvent Extraction
method

This is a method (Counterflow) used to
remove  oil {about 010 percent)
contained in the ground “"flakes" after

pressing. Solvents most frequently
used are B-spirit, Hotzone and
trichloroethylene.

(b) Aquecus Extraction Method

In this method, oil is extracted from
comminuted o0il seeds followed Dby
centrifugal separation which divided
the aqueous extract into eoil, scolid and
an aqueous phase. For groundnuts, the
recovery of oil was &3 percent for the
concentrate procedure, whilst it is 86
percent for the isolate procedure
(Cater, 1973)

Source: SEDIAC (1978); Cater et.,al. (1973); Todey (1971).

P o b Extraction of 0il from Groundnut by Centrifugal
Action

The groundnut kernel 1is known to be composed of
approximately equal weights of fatty and non-fatty
constituents, the relative amount of each depending upon -

variety and maturity. According to Asiedu (1994), most of
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the fatty constituents are found in the cotyledons which
make up the bulk of the kernel or seed. e also indicated
that all cells of the groundnut embryo ccntains o©oil in an
extremely fine emulsion. Thus when kernels are bruised or
broken, a sufficient number of cells are injured. As a
result, tiny drops of ‘free’ oil ooze ou: and collect on
the surface of the kernels (Asiedu, 19834). Hence the
grinding task of the groundnut into paste, according to
Carr (1989), is to remove from each microscopic oil cell
within each tinv seed, the maximum quantity of oil present
without chemically altering the oil or protein quality.

Since the groundnut paste, as an enulsion (Asiedu,
1994), consist of oil (viscous liquid) ir which particles
of non-fats are suspended, application cZ the centrifuge
principle allows for the separation of the small sclid
particles in the viscous liquid. This is attributed to the
rotational motion undergone by the various particles within
the emulsion. The collection of solid particles then form
a new structure which finally results in the formation of
groundnut cake. This defatting of grouindnut result in
higher concentration of protein content from 43.8% to 68.6%
(Ghuman et.al., 1920).

The dislodging of the o©il molecules in the emulsion
(paste) is enhance by the addition of hot water during the
kneading process. The heat provided by the relatively hot
water molecules to .he emulsion, according to Carr (1989)

will result in the following actions:
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i) the complete breakdown of the coil cells;

ii) coagulation of the prot¥ins to facilitate the oil

and cake separation;
iii) inscolubilization cof the phesphelipids;

iv) increased fluidity of the c¢il at higher
temperature;

v) inactivation of enzv -es.

The hot water molecules approach the oil cells and
transfer the heat energy they possess to the unstable cil
molecules being held in their ruptured cells. Immediately
these oil molecules break away from the bonds holding them,
the water molecules within the surroundings quickly fill up
the empty o0il cells, encouraging the coaculation of the
proteins in the defatted groundnut (cake) wrich forms clots
in the separated oil. As the clots are formsd, most of the
free oil molecules are entrapped inside thzm.

The object of grinding the roasted groundnut into
paste, as corroborated by Williams (1966), is to fasicilate
the separation of -the oil from its containing cellular
tissue. Thus thé form of grinding regarded as most
suitable varies to a certain extent, according to the
method of production employed. 2nce for the application
of mechanical pressure, the walls of the cells in which the

oil is enclosed must be definitely destroyed, as far as
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possible. This allows for the promotion of ease and
economy in expressing the oil. As such, the finest
possible grinding is desirable (Williams® 1966), meaning
that the average particle size must lie within the

microscopic range (i.e. < 0.07 mm).
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2.2.12 nternat al e i 0i

World exports of groundnut oil increased sharply
between 1960 and 1968, reaching 510000 MT, but the trade
decreased in the late 1960s. Africa expor:ts dominated the
world o0il market and the varying volume of groundnut-cil on
that market resulted from the variable supply coming from
Nigeria and Senegal (Florkowski, 1994). Senegal was the
largest exporter in the 1960s, followed by Nigeria and
Argentina.

During the 1970s, the most significant change was a
steady decline of Nigerian oil shipments. Towards the end
of the decade, Nigeria became a net importer of grcundnut
oil (Florkowski, 1994). Senegal remained the largest
groundnut oil exporter, but at highly variable rates,
during the 1970s. In the 1980c export from Seregal,
Argentina and Brazil decreased, and the Sudan bezan to
export significant quantities of groundnut oil. Major
buyers include members of the European Community,

purchasing from Africa and Argentina (Florkowski, 1%34).

2:2:13 International Trade in Groundnut Cake and Meal

According to Florkowski (1994), the trade in grcundnut
cake and meal followsed a different pattern from the trade
in shelled nuts or oil. European countries were the major
buyers of meal in the first half of the 1960s; Japan and
the Soviet Union also pur ased significant quantities of

cake and meal.



30

The international trade decreased during the second

half of the 1970s and the presence of aflatoxin in the cake
expggted from Senegal may haYe contributed to a decrease in
exports to Europe (Florkowski, 1994). The Sudan emerged as
a large cake and meal supplier towards the end of the
decade. In the 1980s, the trade continusd at the 1970s
level, according to the geographical pattern established in
earlier decades. The exception was the year 1985, when
exports reached a record 1low level of 385000 MT
(Florkowski, 1994). Europe remains the primary destination

for _ake and meal exports.

2.3:0 WORK PHYSIOLOGY AND MEASUREMENTS

Two forms of work can be described. These are static
work and dynamic work. To the physicist, static work is
contradiction in terms - since by definiticn, "work is done
when a force move its point of application". The
physiolcgist see nothing wrong with the idea cof static work
- since the muscle is consuming energy cdespite the fact

that it is not creating movement (Pheasant, 1991).

2.3.1 Bases for Buman Activity Performance

According to McCormick (1976), the abilities of people
to perform various types of activities derend essentially
on the physical structure of the body (i.e. the skeleton,
the ske tal muscles. the nervous system ard the metabolic

processes) .
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de further asserted that the basic s:tructure of the

body is the skeleton which consists of 206 bones. Some of
these bone structures serve) primarily, the purpose of
housing and protecting essential organs cZ the body, such
as the brain, heért; lungs and other internal organs. The
other bones, referred to as skeletal bones, are connected
at body joints and are principally ussd in physical
activities. These include the hinge joints (e.g. fingers
and kness), pivot joints (e.g. elbow) as well as the ball
and socket joints (e.g. shoulder and hip). Vertebrae
joints of the spine make possible, the collective and

considerable rotation and forward bending >f the body.

i The Skeletal Muscle System

The skeletal muscle consist of bundles of muscle
fibres which serve to convert chemical energy into
mechanical work. The two ends of each muscle blend into
tendons which are, in turn, connected to different skeletal
bones such that when the muscles are activated, they apply
some form of mechanical leverage on the bedy (Cooper

et.al., 1982).

ii. Muscle Action .

A muscle may be considered, func:ionally, as an
assemblage of groups of muscle fibre innervated by a single
motor nex fibre (Marcus, 1953). It is these groups,

known as motor units, which constitute the smallest

physiological components of muscle action.
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Upon the contraction of a muscle, either to effect a
greater speed of movement or to lift a heavier load, there
is an inyrease in the overall activity of the muscles
primarily involved (Knowlton et.al., 1951; Lundervold,
1 1951) . This increase, according to Adrian and Brouk
(1929), and Seyffarth (1940), is accomplished by raising
the rate of contraction of each motor unit and by calling
into play more motor units.

Marcus (1953) postulated that the length of time that
a person can maintain in a given muscular performance,
obviously depends on a large number of different factors;
amongst which are - the structure of the muscles involved
and the practice in the task.

In general, static muscular effort can be maintained
for much shorter periods than phasic movemznts. In phasic
movements under given set of conditions, the inability to
maintain a given performance occurs earlier if a load being
lifted at a constant rate is increased or if a constant
load is lifted at increasing rate (Knowltcn et.al., 1951).
By virtue of their action, muscles of the body produce
stresses on many body parts other than the bones, such as
the skin, organs and connective tissues (Cooper et.al..,
1982). The impqrﬁance of the body musculature, as
indicated by Schottelius and Schottelius (1978), is readily
appreciated when one learns that it constitutes 43 percent
of the body weight of an adult mar and from Pheasant
(1991) , between 25 and 35 percent in an adult woman, Thus

the body musculature contains more than one-third of all
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the proteins, and contributes about one-half of the
metabolic activity of the resting body (Pheasant, 1991).

®

2.3.2 er urce e

In simple terms, the human body is an engine that
provides muscle power to perform work, and like any engine,
it must operate within the limits set by the laws of
physics (Miller and Horvath, 1981). The body uses oxygen
which enters through the 1lungs to burn fuel supplied
t' ough the digestive system to produce energy which is
then converted into kinetic and chemical energies, reguired
for sustaining body functions. This conversion, which
occurs within the cells of the body is ofte: referred to as

metabolism.

(i) le Me lism

The contraction of a muscle requires energy, the basic
source of which is glycogen. The conversion of glycogen
into energy consists of a chemical reacticn that ends in
the production of lactic acid which needs to be dissipated
by being broken down into carbon dioxide and water.

The first stage of the breakdown (ie. from glycogen to
lactic acid) does ot require oxygen, and is said to be
Anaerobic. The second stage (i.e. breakdown from lactic
acid into carbon dioxide and water) is said to be Aerobic
since it requires oxygen.

At the start of any physical activity, the muscles

can utilize the glycogen which is already available even
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though the amount present as well as tha: of glucose is
small (McCormick, 1976). If the activity is continued,
then the body needs to replenish these nu:irients from the
blood, along with a supply cf oxygen, to help in complete
breakdown of the accumulated lactic acid. However, if thé
amount of oxygen delivered to the muscles fails to conform
to the level of physical activity, the lactic acid will
accumulate in the blood. Consequently, the muscles will
cease to respond.

Foodstuffs involve? in resynthesis process are
carbohydrates, fats and proteins. The wain sources of
energy, on the other hand, ars carbohydrates and fats with
protein being essential for crowth and maintenance of the
body (Haggard and Greenberg, -.977). Also, zwo high eneray
compounds that play impor:zant roles in supp-ying energy for
muscle contraction are Adencsine Tri-phosphate (ATP) and
Creatine Phosphate (Morehouse, et.al., 1959). According to
Miller and Hovarth (1981), the ATP utilizes the energy
available in food to synthesize high-energy chemical bonds
from which chemical enercy is released to fuel the muscle
contraction. Pheasant (1991) has pointed out that there is
only enough ATP stored in a muscle to fuel contraction for
about two seconds, bﬁt as the ATP is broken down, it is
constantly being reformed ir coupled chemical reaction
involving phosphor-creatine (creatine phosphate). There is
enough phosphocreatine stor in a muscle to keep it
working at full capacity for about ten seconds at the most.

When these reserves have beern exhausted, energy for the
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resynthesis of ATP must come from other, less direct
sources (Pheasant, 1991). Figure .2 shows the

3
distribution of fobd energy within the body.
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(ii) Basal Metabolism

This is the minimum energy required fo: the sustenance
of life. Thus the minimum energy convers:on rate (i.e.
energy expenditure of a resting person), which is also
referred to as the Basal Metabolic RAte (BMR), can be
estimated for both sexes using the foll:wing formulas,
quoted by Miller and Hovarth (1981) and :credited to the
International Commission on Radiological Prczection (1975).

for males:

BMR = 66.5 + 13.8 (weight) + 5.0. (height)
- 6.8 (age) - c s = ses === (1)

for females:

BMR = 66.5 + 9.6 (wight) + 1.8 (=2ight)

- 8.7 (AG€) ~ = = = = = = - (2)

The energy is calculated in kilocaloriss per 24 hours;

wight in kilogram; height in centimentres a~3i age ir years.

3.3 Capacity for Work Performance

The capacity for physical labour varies from person to
person. Some of the reasons for these are - the level of
physical fitness; nutritional status; age; ==x and health.
In order to establish limits for physical worklocad for a
particular task, then the maximal energy reziirement on the
physical worklands for a number of differznt individuals
must be compared (Miller and Horvath, 1981). Thus the best
way to measure work capacity is by de“ermir:ing the maximum

amount of oxygen used.
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(i) ffect o e and Sex Work it

The efficiency with which physical work is performed
as well as the ability to §ustain a high workrate depend
greatly on the individual’s state of health and nutritional
status. Spur et.al. (1978) suggested tha: maln.trition in
young children may result in depressed wcrk caracities as
adults.

Whilst aerobic work capacity peaks in the late teen
years, work capacity rather decreases gradually throughout
life following the peak in the early years (Miller and
Hovarth, 1481). Astrand (1969) also found that the average
woman has a lower work capacity than the averags man. For
the same task, a woman would operate at a highs»r relative
workload. At the ags of 18 years; her maxirzl asrcbic
capacity might be 2.6 L/min (876 W) and at zge &. ysars, it
is about 1.8 L/min (606 W). Astrand (196é: further
realised that the relative workloads of the woman on a
heavy task would be 14 percent at age 1% years, and 20
percent at age 60 years. He then concludezZ that :f a woman
selected for a heavy task is to be matchec¢ with -the man in
terms of height, weight and physical fitness; as well as in
terms of aercbic capacity, the woman would be at no
disadvantage in cqmparison to the man. Michz=1 at.al.
(1961) have shown that a person of average cthysical fitness
can work continuously (50 minutes each hour, for 2 hours at
35 percent m: .mum oxygen without producinz unduz fatigue.

Per - Olof (1954) has also argued that no proved

reason exist to show why women could not ut:lize 30 percent
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of their capacity in manual work. Their aerobic capacity
has been found te be 25 tc 30 percent lower than that of
males. Consequently, the heaviest work to be 3Ermitted for
women shculd be a corresponding percentage lower despite
the fact that she could push heéself to the same rate of

exhaustion as the male.

{ii) Working Limits of lLocal Muscle Groups

Although the capacity <f an activity might be within
reasonable limits, it is pe =ible for individual muscle
groups Lo be worn out with excessive use. If the rate of
contraction of a muscle or muscle group is low enough, it
can function almost indefinitely. But at higher rate, it
can become completely fatigued and cease to function at all
{McCormick, 1976). Hence the outer bounds of the ability
of an individual to continue an activity are prescribed by
the total energy expended and/or the recovery rates of
individual muscles or wuscle groups. These possible
constraints, in effect, should dictate the workrate that
should not be exceeded for continuous effectiveness of the

individual performing the activity.

{iii) Work Capacity and Rest

Provided some ceiling for work (such as 4 or 5
kcal/min) is accepted “as a desirable upper limit for
average energy expenditure, then _c¢ could be inferred that
any activity with energy exceeding this limit requires a

regt. In this wise, Murrel (1965} provided a formula for
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the estimat:on of the total amount of res:t (scheduled or
not scheduled) required for any given work activity,
depending on its average capacity. This formula (witl}®

different notations) is given as follows:

R = T (K - 8) { 3)
K- 1.5

where:

rest required (minutes)

total working time (minutes)

average kcal/min of work

74} = -3 a
n

kcal/min adopted as standard

The value (1.5) in the denominator is an approximation
of the resting level, in kcal/min.

Alterratively, if & is given a value of 4 kcal/min,
and R is to pe estimated for a one hour per:od (i.e. T = 60

minutes) equation (3) then reduces to the follows:

R = 60 (K - 4)

(4)
(K - 1.5)

Because of other considerations, such as the more
psychological factors of boredom and shif: in attention,
some rest must be provided for virtually any kind of
continuous work, even though its physiolocical costs are
nominal (McCormick,.1976l. Table 2.7 gives the scaling of
work, using physiological indices which could be valuable
in assessinc ‘he need for work modification or adequacy of
rest periods proposed by Christensen (1976). According to
Pheasant (1991), this scaling of work is applicable to an

averagely fit young man in his early twent:ies.
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¥ .
Table 2.7: SCALING OF WORK BY PHYSIOLOQGICAL INDICES
T
PHYSIOLOGICAL VARIABLES PHYSIOLOGICAL WORKLCAD
|
i
Very Light Moderately Heawvy Very Extremely
Light Heavy Haavy Heavy
(e} {=1
Oxygen Uprake (L/min) a.5 0.5-1.0 1.0-1.% 1.5-2.2 2.0-2.5 2.5
Energy Expenditure 2.5 2.5-5.0 5.0-7.5 7.65-1l.0 10.0-12 .5 12.5
{Kcal/min)
Heartrate {Reats/min} 7.5-100 160125 125-1E° 150-175 175
Hectal Teuperature (o) 37.5-38.0 38.0-38.5 3g.5-3%.0 kL]
Sweating k.ate (ml/min} 200-400 400-6500 §00-800 a0u0
for 8 - lhour work day .
Source: Pheasant {1%%1); Christensen (1%76]
2.4.0 ENERGY EXPENDITURE STUDIES IN AGRICULTURAL TASKS

One of the problems of

"scientific management" or

"work rationalization", whether it be c¢f human, cow or
horse, is to deterﬁni’ne, for an animal of given productive
capacity, the workload or level for maximal long-range
gfficiency. |

Energy demand with respect to several agricultural
task has been investigated by numerousg researchers with a .

view toward improving the task and/or machines for
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ilcreased performance and task efficiency. Vos (1973), in
a study in which he used a task of picking up metal tags
which are placed §n a standard pattern on the floor (to
illustrate agricultural tasks carried out at/or near ground
level), fo;nd that a kneeling posture with hand support and
a squatting posture required 1less ensrgy than other
postures (i.e., kneeling with no hand suppcort; bending with
no arm support; and bending with arm supported by thigh).
He, however, clarified that the kneeling postre precludes
the use of one hand which might cause knee discomfort over
a period of time. In an earlier study, Vos (1966)
investigated human effort involved in the stacking of bales
of straw on a standing, as well as on a jer<ing ana rolling
wagon. He found that the total energy exovenditure ranged
from 4.5 kcal/min to an amount greater than 11.0 kcal/min,
with the heartrate also ranging from 88 beats/min to an
amount greater than 130 beats/min. Considering Lehman
criterion, it was suggested that workload should not exceed
an average 5.5 bales/min (120 kg/min) on a stationary
trailer and 4.0 bales/min on a moving one.

The effect of vibration of a bacx-mounted power
equipment, as in sprayers, using a vibration exciter was
investigated by Gupté and Pathak (1981). They discovered
that operations at - high speeds with vibrations in
transverse direction were less strenuous. Singh et.al.
(1973), n the other hand, evaluated the displacement and
velocity of different body parts due to vibrations from a

back-mounted power sprayer and concluded that various parts
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of the body are subjected to different Jisplacements and
velocities.

In a comparative studies of four me:zh>ds of winnowing
cereal grains to assess winnowing perfcrmance as well as
energy demand on operators, Sutton (197:! showed that a
pedal driven winnower with basic screen separation and
horizontal air inflow was better when al. the performance
indices are taken into consideration.

Nwuba (1981), in his study on human energy demand of
agricultural hand tocls used in differen: tasks, observed
that tools with iung handles have the least energy
requirement. Nwuba and Kaul (1986) alsc discovered that
usage of handtocls of different handle _s=ngths, but same
blade lengths, result in different operz:zional postures.
It was found that the spinal muscle force and the
lumbosacral joint reaction, while using thkz traditional hoe
modified with a 150 cm long handle were rsiuced to between
20 and 38 percent of those with the shcrt handles. In
their attempt to improve the traditional stadoof irrigation
method through ergonomic studies, Nwuba and Kaul (1985)
succeeded in reducing the energy expendi:ure required to
operate the system from 100 watts to 71 wiztts, a level at
which a farmer could work for prolonged r:zriods without a
need for rest.

Curfs (1974) studied the physioloc:cal demands of
walking tractors at =~ : International Institute for
Tropical Agricultuve (IITA) in Ibadan, Nigeria, and

concluded that the tractors were unsuitasle for use on
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Nigerian soils, because they cause an incrsise in the pulse
rate of operator by more than 30 beats min (which was
recommended as tolerance limit].

Ali {1986} conducted a comparative ergonomic studies
of male and female cperators on some selectaed farm taks in
which he found that female subjects, invariably, recorded
higher energy expenditure per unit output for all tasks,
with the energy expenditure difference ranging from 10
percent for weeding to 44 percent for ridzing. He found
that in ridging operation, the energy recuired to dig up
wud invert one cubic metre of soil was 3:.6 kJ for male
groups, and 64.8 kJ for the females. Trials designed to
study the effect of calculated rest intervals showed that;
for all cases, output was increased whilst energy
expenditure reduced under a "controlled schzdule®” compared
to a "Normal Schedule® (Ali, 19586). With respect to effect
of envirconment on energy expenditure, All 1986} realised
that energy expenditure difference between zxtreme weather
conditions ranged from 2.5 percent for ridging to 13
percent for pounding operations.

Generally, in digscussing energy expenqd-tures over the
period of the conventional working day, Zshmann (1958)
estimated that the maiimum energy output a =mormal man can
afford in the long run.is about 4800 kcal/day. Subtracting
his estimate of basal and leisure requirezents of 2300
kcal,/ 1w leaves a maximum of 2500 kcal/day available for
the working day, even though he proposed 20C kcal/day as a

more normal load. This average came out o be about 5
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kcal/min to 4.2 kcal/min. On the other hand, Endholm
(1967) suggested that the 200 kcal/day (4.2 kcal/min)
should be considered as max}mum. and that levels should,

preferably, be kept somewhat below this limit.
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3.5.0

Physiological demands of work are frequently measured
by heartrate and oxygen consumption. These t@®o measures
are rather closely correlated with each other across
varying levels of general dynamic'mdscular work. On the
other hand, Burger (1969%) stated that neither of the two is
a very sensitive index of static muscular work, "local”
dynamic muscular work (that of specific muscles or muscle
groups), mortal work, nor mental work. Other
physiological indices are also employed in the energy
expenditure measurement. These include pulmonary
ventilation, sweat a rate and rectal temperature.

According to Karpovich et.al. (1971), one method which
had been used, but later found to be oftzn not feasible,
especially for tasks of short duration, 1is the Direct
Calorimetry. In this method, a subject is placed in a
special chamber fitted with a water circulatory system
around it. Heat liberated from the subject is absorbed by
the circulating water, and knowing the amcunt of water as
well as its temperatures when entering and leaving the
system, the total heat liberated by the subject can be
calculated.

2.%5.1 Oxygen Congﬁmptiog

Oxygen consumption is determined by considering the
volume of air breathed in by a subject and the reduction in
the oxygen content of the air breathed out. There are two
commen methods which can be used. These are the closed-

circuit method and the open-circuit method.
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In the closed-circuit method, a sp:rcmeter is used
with two one-way valves. One valve allows the inhale gases
out while the other valve allows the exhals gasses in, via
a carbon dioxide absorbent system. The sub-ect inhales the
oxygen from the spirometer and the gas exhaled passes
through the absorbent system into the spirometer. The
amount of oxygen consumed is then obtained by finding the
difference between the volume of oxygen at the beginning
and at the end of the activity (Karpovick and Sinning,
385 g
In the open-circuit methed, the subject is made to
breath in atmospheric air and the gases exhaled collected
in a special air-tight bag known as Douzlas Bag. This
accurately determine the volume of the exhaled gas. The
composition of a sample of the gas is then analysed using
an instrument called Analyser. Since the composition of
atmospheric air is constant, containing 20.93% oxygen,
0.03% carbon dioxide and 79.04% nitroger.; and since the
amount of air is known, then the amount of oxygen consumed
and that of carbon dioxide given out can easily be
calculated (Karpovick and Sinning, 1971).
Thus for any particular task, trs total oxygen
required is given-’ By the oxygen consumed during the
activity plus the recovery or debt oxyger minus that used

in resting, i.e.:

NET C.3T OF = 0, (work) + 0, (recovery]- 0, (restingl
NDXYGEN PER MINUTE Duration of wsrk (minute)

....................... (5)
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According to Karpovick and Sinning (1871), the caloric
equivalent of one 1litre of oxygen variss from 4.686
calories to 5.04 calories, depending on ZIoodstuff type.
Therefore, the energy expendéd can be obtained from this
relation or from previously prepared calicration graphs.
Relationship between the amount of oxygen consumed and the
energy expended is linear. For most prac-ical purposes,

according to Pheasant (1991):

ENERGY = B X OXYGEN (&)
EXPENDITURE CONSUMPTION
(kcal/min) {L/min)

2.5.2 Heart Rate

Advantages of using heartrate as an :index of energy
expenditure has been outlined by wmany rssearchers (Le
Blanc, 1957; Datta et.al., 1989; Chrisgtenes=n, 1976), but
according to McCormick (1976), though heartrate is
reasonably indicative of the effects of kesat stress and
emotional stress, it is also related to ind:ividual factors
(constitution, physical condition, sex, etc.) and is
therefore less suitable as an absolute ind=x of the load
impcsed by various types of work than oxygen consumption.

Since heartrate and oxygen consumption have their
limitations as measurés of physiological demands on an
across-the-board-basis, Burger (1969) has zargued for the
use of an index of circulating load as something »f a
combined index of the load of different organic syscems.
An approximation of this is the product of resartrate, mean

blood pressure and stroke volume.
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A somewhat related measure based on lL2artrate is what
Davies (1968) referred to as the Pulse Deficit (P.D.).
This reflects the deficit in cardiac output in the early
stages of an exercise and is, thus an indication of the
level of anaerobic metabolism. Cperationally, the P.D. is
calculated by taking the heartrate for the fifth minute as
reference and calculating the area boundsd by the pulse-
time curve for the first four minutes of exercise.

However, Shephard (1970) has suggested that the pulse
rate usually continues to rise during the second five
minutes of exercise and so a deficit measure based on the
second five minutes would have more significance as a
measure of the intensity of exercise

Another measure based on heartrate :s the Heartrate
Recovery Curve as used by Brouha (1960). This is a curve
of the heartrate measured at certain intervals after work
(such as 1, 2 and 3 minutes).

Equipments used for the evaluation of heartrate are
less obstructive with minimal work interference compared to
those for oxygen consumption. Heartrate is measured by
palpation, through the use of stethcscope, telemetry
systems or by the use of cardioc-tachometers. The telemetry
system is a simple; method in which electronic devices
incorporating electrodes are mounted on a subject's body to
detect electrical impulses of the vascular muscles.
Amplified signals of these impulse are thsn tr. smitted to
a remotely recording gear in a fashiorn similar to the

transmission of sound waves to radio sets.
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When a subject begins work from a "rest" conditic:,
the heartrate increases immediately and then reaches an
equilibrium with the task within a relatively short tims.
For light to moderate tasks, equilibrium is reached in 3
minutes or less (Suggs and Splinter, 1958; Karpovick a=d
Sinning, 1971). Datta et.al.(1969) obtained a highly
significant relationship between energy and heartrate wizn
a correlation constant of 0.88 which made heartrate to give
an acceptable estimate of energy expenditure.

Since there is a linear relationship between oxygen
consumption and energy expenditure, then it can be fairly
concluded that a 1linear relationship exists between
heartrate and energy expenditure (Karpovick and Sinninc,
1971). Studies have shown that this linear relationship
exists until maximum value of heartrate is attained, aft=sr
which it remains constant for same environmental
conditions. However, for a varying environment, heartrate
reflects total strain on the body rather than enercy
expenditure. 1In general terms, the more strenuous the work
activity, the longer it takes the heart to settle down to
its pre-work level.

In many respect, according to Pheasant (1991),
heartrate is a bettgrlindex of the overall physiologicel
demands of work than energy expenditure, and it has trs
additional advantage of being very much easier to measure
in the field. According to andjean (1988), the heartrate

during continuous work should not be more than 35 beats/min
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and 40 beats/min higher than the resting level for women

and men respectively.

2.5.3 Pulmonary Ventilation

This physiological index is ‘used for indirect
measurement of energy expenditure. It can be readily
measured using a gasmeter, and the corresponding energy
expenditure values could be obtained from tables, graphs or
by equations.

Ford et.al. (1959) presented a method for determining
energy expenditure from pulmonary venLilation, and using it
under field situations, they obtained a regression equation
which was similar for all age groups. Their studies showed
that correlation between pulmonary ventilation and energy
expenditure is high. Hence the relationship is linear and
can be represented by a linear equaticn. There is alsc a
linear relationship between ventilation rate and rate of
oxygen consumption. Therefore, ventilation (breathing)
rate can be used to appraise an activity of normal 1load
(Karpovick and Sinning, 1971).

Datta and Ramanathan (1969), using nine volunteers to
perform different tasks obtained data on pulmonary
ventilation and energy expenditure which shows a highly
significant regression relations with a correlation

constant of 0.9.
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2.5.4 w e an 1 Temperat

These two indices can also be used as indicators of
workload, but their use is limited by txeir failure to
reflect sudden changes in workload. Christensen {(1976)
explained this limitation as partly due to the rél;tively
large heat capacity of the human body. But Yamazaki et.al.
(1994) have now established that for the phase immediately
after the beginning of an exercise, the sweating rate
increases before there is a rise in body temperature. They
ascribed this to ron-thermal inputs to the sweating centre.

Under adverse conditions, sweat rate reflects total
physiological strain on a subject. Sakakibara et.al.
(1989) demonstrated that palmer sweating was increased by
noise and vikration. Saito et.al. (1990) suggested that
the response of sympathetic nerve activity leading to foot
voler skin activity during isometric hand gripping contain
mainly sudomotor activity which might be influenced by
central command and input from peripheral mechonorecptors.
Thus it appears that the sweating on palms and soles is
caused by emoctional, mental or sensory stimulation (Kuno,
1956; Sakakibara et.al. 1989).

Rectal or Oral temperatures, according to McCormick
(1976) are measureszof the body core temperatures as a
result of the direct effect of heat stress on a subject.

Sweat rate is determined by measuring fluid intake
during the span of ¢ hift, and weighing the subject at the
beginning and e¢nd of the shift (Christensen, 1976). This

index appears to be backed by Yamazaki et.al. (1994) who
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suggested that palmer sweating is influenced by changes in
different inputs from mechanoreceptors in muscles, tendons

and skin witd: the change of work rate.

The measurement of muscular work, gererally, involves
the evaluation of the physical work performed by a subject.

A direct method of measurement involves the
computation of forces exerted by a subject in performing a
particular task multiplied by distances of the respective
forces (Suggs et.al., 1958; Barham, 1878). But according
to De Looze et.al. (1994), in repetitive 1lifting, a
difficulty arises that stems from the fact that this
activity involves significant amounts c¢Z both positive
(traditionally defined as the work generat=d by shortening
muscles) and negative (the work done on active muscles that
are stretched) mechanical work. In addition to the
positive work that 1is generated to raise the load,
significant positive and negative work are involved in
raising and lowering the subject’s own body mass. Thus for
repetitive lifting or lowering, separated activities of
positive and negative work cannot be studied. This is
because they cannot:be executed repetitively due to the
required up and down motions of the lifter’s body in each
movement cycle {De Looze et.al., 1994). As a result of the
difficulty in the evaluation of forc acting with their
respective distances during work, other ways and methods

had been devised for work measurement.
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Devices commonly used include Bicycle Ergometers and
Treadmill. There are different forms of ergometers, and

selection depends on the gnuscle group to ke evaluated.

2.8.1 Bicycle Ergometer

Bicycle Ergometers appear in different forms and are
categorised by the type of resistance they provide (viz
springs, weights, friction or magnet pull).

A common type of Bicycle Ergometer is the friction
type. In this type, one of the bicycle's two wheels
(normally the front wheel) is transformed into a flywheel.
A friction belt around the flywheel is attached, at one
end, to a weight hanger, and the other end to a scale.
When an operator’s feet are off the pedals and the flywheel
remains stationary, the reading on the scale gives the
weight of the hanger. However, when the ergometer is being
pedalled, the reading on the scale decreases.

Difference between the applied weight and the final
reading on the scale gives a reflection of the frictional
resistance (F) on the flywheel. The work decne (W) after a
number of revolutions (N) of the flywheel is given by the
following equations (Karpovick and Sinning, 1971):

28 X BB i alomns st snids riamaid s i (7)

W =
or

R S T — wnes & w &8 R RREARIE R B NG (8)
where;

r = radius of the flywheel (metres)

6 = angle moved by flywheel (radian).
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The Bicycle Ergometer is still bkeing used for
physiological studies and also for fitness test. It has
been recommended that the pedalling rats be normally
established in the range of 50 to 60 pedal-revolution per
minute, which 1is the most efficient for submaximal or
maximal effort (Mellorowicz, 1966; Banister and Jackson,

1967; Hermansen and Saltin, 1969).

2.5.2 Hand Ergometer

This is used for evaluating external wcrk of the upper
limbs. It consists of a bracket on which a flywheel is
mounted. This bracket is also used to attach the assembly
to a rigid support. A friction belt :Is thern wound
partially around the flywheels periphery. A weight is then
attached to one end of the belt whilst a scring scale is
attached to the other. The flywheel is provided with a
crank handle to effect rotation of the flywheel about the
bushing fixed on the bracket.

The difference between the applied w=2ight and the
scale reading during the cranking gives the frictional
force (F) imposed on the flywheel. The worx performed (W)

is calculated from the following equations:

W om 21 2 NF oeoe e e e e e e e e e e e e (9)
or

Wiom FE D wss s s vais davsRa o weaed o s s veey o (10)
where the parameters r; 8 and N are defired in section

2.6.1.
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This consists, essentially of a Fka2lt ccnveycr or
driven by a motor on rollers. This =21t 1is usually
inclined at an angle to allow for the guantification of
work involved in such tasks as walking cr running for a
specified period of time at a given belt sreed.

When the treadmill is in operatiocn, a subject runs or
walks on the moving inclined belt, thereby doing work
against gravity. The force of gravity Is given by the
body’s weicht, and the speed of movement s determined by
the speed of the belt. Since there is no movement in the
horizontal direction, the horizontal work Zone is zero.

If a subject of weight (W) walks cor runs on a belt
moving at a velocity (V), and inclined at angle (8) tc the
horizontal, then the work performed (E after a time
interval (t) is calculated from the following equations:

Be MVE BIN B jwenn s v comag g wiess § i@onsien s (11)

Treadmill has been wused extensively in human
physiological studies as well as for st:dies involving
animals. It still continues to be used for work
measurement and for exercise. For example, if arm work is
required in daily life, a treadmill test will indicate the
power of the caréioLrespiratory system, but does not
demonstrate how far this can be realised during activities

involving the m muscles (Rowell, 1977).
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2.6.4 other Measurement Methods

Other methods alsc exist for the measurement of
muscular work: One ofsguch methods, most applicable to some
laboratory studies of.athletes, involve the use of various
forms of ffeé and tethered swimming (Magel, 1971; AcArdle
et.al., 1971; Holmer, 1572; Rennie et.al., 1973).

For the case of field studies, another form of
ergometry exercise called the step test is also used. The
step test, proposed by Shephard (1967), was a modification
of the widely known Clinical Master’s Step. When designed
for use in submaximum eirort, this test consist of two 23
cm risers, climbed at rates of 10 to 25 ascents per minute
(as paced by a metronome). When designed for maximal
testing, it has a single 48 cm riser. The purpose of this
arrangement was to allow an optimum pace of stepping in
both the submaximal and maximal efforts; in particular the
subject not standing poised to await the beat of the
metronome at very slow rates of climbing (Wyndham and
Sluis-Cremer, 1968; Shephard and Olbrecht, 1970), and yet
avoiding the danger of tripping in maximum effort (Kasch
et.al., 1965). Though more complicated cdesigns of step
have been proposed, these seem less suitable for field use
(Shephard, 1980). .

Another method, invelving the use of electrodes to
circumvent limitations imposed by other methods was
developed by Kittredge et. . (1968). This method allows
for direct instantanecus recording and measurement of the

work output of any muscle or muscle group by positioning
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the electrodes on them. The workrate is obtained from a
electromyogram produced during the dynamic work.

Generally, most methods gof work measurement have

limitations, either in the form of time delay, error or

non-consideration of varying body efficiency and/or

inability to isolate the work measurement desired.

2855 Work Measurement Methods and Physiological
Indices

Though the work measurement devices described in
s .ion 2.6 represent specialized equipments that are used
directly in the evaluation of work done in a particular
pattern, normally under laboratory conditions, they become
unhelpful in situations where work is performed in the
open, using tools or machines, as in agriculture.
Fortunately, linear relationship exist between
physiological indices and rate at which work is performed.
This means that any type of work could be measured
indirectly by employing the following two steps:
(i) using a work measurement device to calibrate
workrate against any convenient physioclogical

index for a particular subject;

(ii) using the calibration graph to evaluate work done
in the field after obtaining the relevant
physiological index of the subject during or

after the performance of the actual work.
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Shephard (1980) nas, however, indicated that results
which are predicted are preferable to the alternative
procedures, such as the following:- reporting the workrate
at, say, a heartrate of 170 beats per minute (Wahlund,
1948) ; the heartrate at an oxygen consumption of, say, 1.5
L/min (Cotes, 1966) or the volume of maximum oxygen
consumption as estimated from a linear regression equation
which is based on measurements of heartrate at a fixed
workload (Fox, 1973).

Prediction wmethods can be so arranged that all
subjects are carried to a comparable submaximal stress
(e.g. 75% or 85% of maximum oxygen intake) as judged from
a target heartrate (Shephard, 1980). Table 2.8 shows the
target heartrates corresponding to approximately 75 percent

of aerobic power for different ranges of age groups.

TABLE 2.8: AGE GROUP AND TARGET HEARTRATES AT
75% AEROBIC POWER

Age (Years) Heartrate (Beat/min)
20-20 w0
30 -~ 39 150

40 - 49 140

50 - 59 130

Source: Shephard (1980).

The accuracy and the validity of test measurements for
working capacity can be influenced by many details of

technique, such as the calibration of the bicycle ergometer
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(Cumming and Alexander, 1968), as well asg -he state of the
test room and the condition of the subject.
3. Rowell et.al. (1964} had previously susgested 17°C as
an optimum laboratcry temperature, but the International
Biological Programme (1974) recognized the conflict between
the ideal and the possible under tield test conditions. It
recommended a room temperature of not more than 22°C, with
the possibility of a further increase of 1°C to 2°C over
this figure if a fan is provided. The iritial emoticnal
increase of heartrate should be minimized, both during
submaximal effort {(Antel and Comming, 19%¢9) and maximal
effort (Shephard et.al., 1974) through an appropriate
schedule of habitation. Egually, it was irportant for the
subject to avoid exposure to extremes c¢f climate and
physical activity on the day preceding =xaminaction, to
ensure adeguate gleep on the preceding nigh:, and to aveid
the use of alcohol, drugs and food immediately before the

test {Jones and Haddon, 1973).

2.7.0 ENVIRONMENTAL EFFECTS QN WORE PERFORMANCE

Environmental factors known to influsnce the work
performance of a subject ¢can ke classified into two groups.

These are the thermalxand non-~thermal factcers.

2.7.1 Thermal Factors

Th =2 are three ways in which a human can adjust to a
hot o©or a cold environment. These are oy adaptation,

acclimation and acclimatization. According to Miller and
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Horvath (1981), these mechanism can ccmpensate rather
effectively for exposure to heat, but not so effective in
compensating for a cold environment.

Whilst adaptation implies a genetic change as a result
of natural selection, acclimation refers to physiological
changes in response to ambient temperature changes (e.qg.
sweating or shivering). Acclimatization refers to more
enduring changes in physiological mechanisms that enable an
individual to work in an extreme environment such as the

tropics (Horvath, 1979).

(i) Heat and Working Capacity

If submaximal work is performed in a hot climate, the
pulse rate tends to be higher than in a temperate region,
even in the early stages of activity (Sheprhard, 1980), and
the heat exposure reduces the endurance for sustained work
(Saltin, 1964).

Astrand (1967) and Bonger (1968) have found that men
who can work an eight-hour shift at 40 to 50 percent of
aerobic power in a cool climate become fatigued when
subjected to the same load under hot conditions, and that
if maximum oxygen intake is measured at the end of the
shift, it may be redyced by as much as 20 to 30 percent
{Pirnary et.al., 1969). This deficit may be related to the
fact that in hot environment, blood flow to the skin is
increased, resulting in a hi 2r skin temperature. This
causes heat losses by the physical processes of conduction,

convection, evaporation and radiation frcm the subject’s
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body. The cooled blood then circulates tihrough the body
again, accepting more internal heat for :ransfer to the
surface of the body. Consequently, heartra-e increases in
order to meet additional blooa flow requirerant (Miller and
Horvath, 1981). The rectal temperature falls and sweat may
begin {(McCormick, 1976). The maximum sweat production that
can be maintained by the average man throuc=out the day is
1.0 thr, corresponding to a heat loss c<f 600 kcal/hr
{(Miller and Horvath, 1981}.

Wyndham (13866) compared the heat respcnses of "river"
and "dezert" bushmen and found that despite their similar
genetic background, the desert dwellers hac a higher sweat
rate at a given vectal temperature and =2artrate. He
suggested this to be due to differences .n the habitual
activity of the two groups. Ths sweat rate reflected
mainly the history of heat stress, whilst ckianges in rectal
temperature and heartrate during effort were strongly
influenced by the physical fitness of the individual.

According to Shephard (1980), there is some evidence
that the linear regression relating rec+tal temperature
(Te.’C) and pulse rate (F,) is flatter for tropical workers
than for Europeans. Thus, Ladell (195%5) =stablished the
following relationships for well-hydrated s:bjects.

for whites: |

Fp = 33.2 (T} - 1142.8............ (12)
for ' jerians;

Fo = 29.6 (Tp) - 842.0............. (13)
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Few studies have been aimed at d2termining sex
differences in reaction to hot environmer:. Some of the
conclusions produced revealed that women have more problems
than men in acclimatizing to heat (Burse, 1379), and from
Kawahata (1960), females have a greater ~umber of sweat
glands, but the male sweat glands have greater activity and
that, the onset of sweating in response to heat is also
slower in females than in males.
wich respect to physiological tolerance ta
uncompensable heat loss, Montain et.al. (1994) found out
that full encapsulation of subjects in protective clothing
reduces physiological tolerance. For full acclimatization
to heat exposure, there is the need fcr the body to
experience exercise in a hot environment. The hours of
working should be modified to avoid the hea: 2f the working
day. Shade and a free access of air mcvement must be
sought and the necessary task performed with an economy of
movement. In any event, changes of behaviour, improvements
of physical efficiency and habituation to subjective
discomfort account for only a part of the gains in
performance acclimatization. The physioclogical strains
induced by a given combination of heat and exercise

stresses are also lessened.

(ii) Celd and Working Capacity

Ho : loss from the body depends largely on the
physical factors of environment. The rate of heat los from

exposed skin is directly proporticnal to the temperature
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difference between the skin and its environment (Burton and
Endholm, 1955).

Changes from optimum environment to a cold one results
in the skin becoming cold, rectal temperature rising
slightly while the blood is routed away from the skiﬁ
toward the central part of the body where it is warmed
before flowing back to the skin area.

In his comparative ergonomic studies of male and
female operators on selected farm tasks, Ali (1986)
concluded that environmental changes affected both the
output and energy expenditure for all tasks, with the
highest output under ccld weather. As regards energy
utilisation, least energy was expended under cold weather
for all tasks (Ali, 1986). Similar findings were reported
by Nwuba (1981) in a study of human energy sxpenditure for
selected agricultural tasks. With respect to this
observation, Anderson (1967) explained that, acute exposure
to cold can induce small improvements in working capacity
through an increase in tone of venus ressrveoirs and a
redirection of cardiac output from skin tc active muscles.
However, there is little evidence that cold in itself has
any long-term effect upon physical fitness.

A study by Horva;ﬁ°and Freedman (1947) found that grip
strength decreased by one-fourth, even though cold exposure

was relatively of short duration,

(111} Humidity Effect






