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I. INTRODUCTION

By the end of the deocade the developing countries'
population will bave increased from roughly three quarters to
four fifths of the werlds' total population agecerding te the
estimates of Hulse (1984). The populationm of India has crossed
the level of 68 crores and is now swvelling at the rate of well
over 10 lakhs a month as indicated by Agarval (1983). Consequently
the per capita and possibly total food demand will inorease
with larger yeunger population. In addition to meeting the
ingreased food demands it should be possible foxr India to make a
headway in all other fields. But malnutrition and ill-health
seem %0 be the debilitating factors in meeting with the various
needs of our population. So therxe is an immediate need for
g90d nutrition and good health $o achieve sound man power which

is the basis for the mational developmemt (Aujla et al., 1983).

Agarval (1983) points out that despite some growth of
the economy and increase in the production of food articles,
the food taken by most of the Indians is deficient in nutritive
elements and which adversely affects the welfare of the people
as also their work effiociency. Sadasivam and John (1979) warn
that malnusrition leads to wastage of human resources and
reduction of this loss would inerease the social effectiveness

of the population and contribute t0 economic development.

sSpurr ot al. (1983) state that poorly nourished populations
have a lower work oeutput and a lower working potential mainly

due to reduged lean bhedy mass. Sathyanarayana et al. (1978)



point out that both werk capacity and work eut-put are influenced
by the nutrient uptake and the resulting nutritiomal status of
those vho perform the work. Childhood malnutrition may also
affeot the future capacity of individuals for work. It is
generally helieved that productivity amomg workers in developing
countries is low. This has been attributed at least in part

to their poor physique as a econsequence of chromnic malnutrition.
The attempts to improve the nutritional status wvould thus not
only be associated with better health but also with economioc

benefits in terms of increased productivity.

Physical work capacity can be defined as the potemtial
of an individual te engage in activities involving muscle astion.
Such agtivities range from strenuous exercise of short duratiom
to mild exercise of long duration. Individual performance in
asute strenuous exercise leading to mear exhaustion (maximum
exercise) depends mostly on ecardio-respiratory reserve, oxygen
delivery and metabolic adaptation (luch as with physical training)
(wHO, 1975).

Iron deficieney anemia affects the physical capacity by
reducing the availability of oexygen to the tissues which in turn
affects cardiac eutput and the heart, eventually leading to

death in severe cases (Vijayalakshmi et al., 1983).

Nutrition Reviews (1982) point out that among the mutritional
deficiency diseases iron deficiency anemia is a major concern
in many developing ceuntries. Sjolin (1981) points out that in

developing countries the incidence of iron deficienocy anemia is



often extremely high compared with that in the industrialised
part of the world. It has been estimated that there are a total
of 260 millien anemiec women in the developing world alone. The
overall proportion of anemic women is highest in Asia, Ocaenia,
followed in desgending erder by Africa amd Latin America (Food

and Nutritien Bulletin, 1979).

In developed eoumtries the prevalence of anemic renges
from 7 to 20 per cent in non-pregnant women and upto 35 per cent
in pregnant wvomem. Assuming conservatively that 10 per cemt of
the non-pregmnant wvomen and }O per cent of the pregnant women
are anemic, this would make am additional 31 milliom bringing the
world total (outside China) of anemic vomen between 15 and 49

years of age to 291 millien (Food and Nutrition Bulletim, 1979).

Severe anemia is claimed to impair work capacity,
learning ability and immune fumotiona. Anemia also contributes
significantly to the high rate ef matermal mortality and
marbidity and lew birth weight in infamts (Nutrition Reviews,
1982). 7Fimeh ot al. (1983) through his studies had shown that
there was a strong inverse relationship between economic

development and prevalencge of iron deficienay.

Iron deficiency anemia is more prevalent ameng young
women than is generally suppesed and is boumd to interfere with
health, preparation fer pregnaney and wvork effigienocy
(vijayalakshmi et al., 1983). Finch et al. (1983) opine thas
there is no question that a marked decrease in hasmoglobin

coneensration reduces maximal work performance. Further studies



of individuals engaged in hard physical labour suggest that
productivity and therefore income are reduced in the presence

of iron deficiency.

WHO (1975) brings to the netice of the public that a
great deal of ill-health sapping emergy and productiveness in
many countries and causing tragedies in child birth is due to
anemia which reveals that urgent steps are needed to prevent

and contrel anemia.

Cook et al. (1984) have shown that nutritional irem
deficiency is a major health problem in developing counmtries.
The only proven way it can be alleviated is to increase iron
intake, either by providing mediginal iren (supplementation) or
by adding irem to the diet (fortifieation). Iren supplementation
has the advantage of producing rapid chamges in iron status.
Acoording to Nutrition Reviews, 1932 the incidenge of anemia
in rural communities of India was reduced by imtreduction of salsé
fortified with iron. Vijayalakshmi et al. (1983) by their studies
had proved that the haemoglobin level of anemic subjects rose
significantly after iron supplementation. Which resulted in an
inereased work capagity. Davidson et al. (1970) points out that
the total cost of the medicinal iron therapy for anemia was less
than the cost of the dietary supplement of iron rich foods for

one day, while the mean or rise in haemoglobin level was 30 per gent.

Thus iron supplementation ean be an offective way of
combating anemia and helps in inecreasing the work output of
population groups. This will indireetly help in increasimg the

gross nationmal preduet (GNP).



Satyanareyana et al. (1984) state that a major propertion
of rural population in developing countries is kmewn to earn
their livoliﬁood on aotivities related to agriculture. Statistioal
data given by Chidambaram (1983-84) reveals that the percentage
of labourers engaged in sgriculture is 28.9 per cent of the total
workers of Tamil Nadu. As per Spurr ot al. (1983) im the less
developed areas of the vweorld where mechanmization is at a minimum,

buman labour provides much of the pewer fer egconomic productivity.

Having these points im mind the present study wvas
designed with the follewing aims,

1. To find out the relationship between nutrition
and work output with special reference to iren
deficiengy among farm women doing spesific
activities.

2. To supplement the anemig subjects with suitable
doses of irenm in the form of ferrous sulphate

and ebgerve the impaot of supplementation.

It 4is heped that the results of the study will be eof
interest to those involved in imoreasing the work capacity of

population groups.
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IXI. REVIEW OF ILITERATURE

The review eof literature related %o this study ‘'Anemia

and verk output' is disecussed under the following sub-headings.

1. National development as related to the
nutritional status

2. Prevalence of anemia

3. Anemia and work output

b. Importance ef iroem supplementation and

5. Effeet of iron supplementation en wverk ousput

1. tional developme la he 1 gtat

Devadas ot al. (1981) observe that despite India's marvellous
inorease in food production her mutrition problems ocontinue to be
formidable. Malunutrition is still ene of the eritical issues

detering national development.

Esvaran ot al. (1976) and Luvang % al. (1981) state that
malnutxrition is widely spread in developing coumtries and is the
cause of child mortality, physieal and memntal retardation.

According to Faris (1966) adeguate nutrition is am imdispensable
base for economic developmemt. FAO (1976) warms that poer diet
reduces the working efficliency by increasing absenteeism, decreasing

resistance te disease causing lethargy amd lack of drive.
Belli (1971) has remarked that productivity decreases when
the vorkeras do mot eat enmough.

Latham (1976) reported that there is an obvious link

between poor mutrition and productivity, such as lack of calories,



poor physical and mental development and amemia. Both work
oapacity and work output are influenced by the nutrient intake
and the nutritional status of those vho perform work, be they
house wives, persons engaged in subasistence agriculture or wage
earners in the labour force. There is no doubt that the sequelae
of childhood malnutrition may also affect the future ocapaeity

of individuals for work.

Moham Ram (1982) opined that nutrition research bhas
brought to light several effects of malnutrition on human health.
One aspeot of far reaching soclio~economic implications is the
effect of chronic malnutrition in early life on the physigal

stature and working eapacity of individuals.

Under nutrition prevailing in speecific social classes
in some urban areas and gomée over populated rural regions of
she developing nations retard their work eapaeity and economie

growth (Edmundsom, 1979).

Foed and Nutrition Bulletin (1979) quoted that malmutrition
reduces the present and future potential of human heings by its
effects om the physical and mental development of ohildren and
the working capacity of adults and it contributes substantially to

the perpetuation of the hardships amnd misery they face.

Miller (1983) opined that the malnutrition survivers
(ehildren) are at risk of schoel failurquvoltunlly are most
likely to become 'schoel dropout'. This affects not only their
oapacity to learn, but specially to earm money and be productive

in socliety.



A study conducted by Satyanarayama et al. (1977) om 57
male industrial workers engaged in the production of detomator
fugses revealed that body weight, height and lean body mass were
significantly correlated. Correlation coefficient being as high
as 0.72 (P 0.001) with work output. The total daily eutput was
significantly higher (P 0.01) in those with higher hody weight
and lean baody weight. It was also eobserved that the srate of wvork
inoreased after the provision of a meal. Sathyanarayana et al.
(1979) through his another study on 96 rurel Hydfabad boys aged
between 14 and 17 years of age proved that impaired work
efficiency in under nourished adolescent boys was perhaps the
result of current under nutrition. Thus, we could see that the
develepment of a nation will be seriously hampered by the poor
nutritional status of its people. Among the defieliency conditions,

anemia is very common which is discussed in the subsequent heading.

2. Prevalence of anemia

Sauberlich (1976) considered a Hb level less than 12 g/100 ml
of blood as deficient in the case of males above 16 years while
Hb values less than 10 g/100 ml as deficient in case of females

above 16 years.

According to WHO (197%) haemoglobim oconcemsration of less
than 13 g/100 ml of blood in mom~-pregnant women of child bearing

age is likely to indicate anemia.

Food and Nutrition Bulletin (1979) ocited thas in developed
countries the prevalence of anemia ranges from 7 to 20 per cent in

non-pregnant vomen and upto 35 per cent in pregnant wvomen. Assuming



conservatively that 10 per cent of the non-pregnant wvomen and
30 per cent of the pregnant women are anemic this would make an
additionmal 31 million bringing the werld total (outside China)

of anemioc women between 15 and 49 years of age to 291 million.

Cook et al. (1980) stated that irem deficiency anemia
affects 10-20 per oent of the world's population and Das g;_al) Z/
(1980) had reported that 15 per cent of asollege students are

anemic in the United States of Amexsa.

Aseording te Hereberg st al. (1981) nutritional anemia
is estimated to affect 3500 million %0 one billion people world wide,
or around 10-20 per cent of the population. IXIn Africa between
15 per cent and 60 per cent of children are affected. Rates are
as high as 80~90 per cent for pregnant women in areas of India,
Bangladesh and Pakistan. Levels of infant anemia in South Amerieca
are estimated to ramge from 15 to 50 per cent. Frey (1978) pointed
out that {ron defiocliency anemia is the commonest in all parts
of the eocuntry. Even in developed countries like Britaim, ironm
deficiency forms 92 per cent of the total anemias (1nc1ud1n¢ all

types of anemia in female population).

Highest prevalence rates for preschool children were
reported in the middle Catleas Islands (68.7 per eent) with k1
per oent and 42.7 per cent respectively in Guyans and Cayman Islands.
In Jamaiea 76 per cent of infants of one year old were affected.
The highest percentage amomg school aged ohildren was also found
in the middle Calgsas Islands, high levels were also ohserved

among agricultural and road comstruction workers.
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For this age group in Grenada 65 per cent and Guyana 41
per cent and 37 per cemnt in two studies, while the prevalenge
noted in Barbados was 9.3 per eent. Highest rates for pregnant
females vere found in Montsee¢rat 100 per cent while the lovest
was 22.2 per oent in Saint Iumecia. Saint Lucia, however had the
highest levels amomg adult men 46.3 per cent. The highest rate
among non-pregnant, non-laotating females was 48 per cent in
Grenada with the lowest 19 per cent in Barbados (Simmons et al.,
1982). Baher (1978) stated that the incidence of anemia has been
reported to vary from 10 to over 50 per cent and three fourth
of the cases have been presoribed t0 iron deficiency even im

developed countries.

Sjolin (1981) pointed out that prevalence of anemia in
Ethiopia amonmg the age group of 10-16 years was 35 per cent
(urban) and 69 per eent (rural). In U.S.A. in the oase eof male
aged 13-16 years the prevalemce was 4.5 per cent (black) and
1.5 per oent (white) of low income and 0.5 per sent (black) and
0.2 per cent (wvhite) of high income whereas in the case of
females of 13-16 years it was 12.5 (black) and 3.6 (white) of
low ingome and 7.4 per cemt (blagk) and 1.0 (white) of high
income. This shows that in developing countries the incidence
of iron deficiency anemia is often extremely high compared with
that in the industralised part of the world. Anemia thus ranks
as one of the most sericus maladies affeeting mankind all

over vorld.
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3. Anemia and work outpusg

Basta (1978) peinted out that the relationship between
productivity and anemia was bheth stronger and mere relevant to
actual conditions of enduranece suoch as the Harward step test as
tread mill tests. Among sugarcane cutters there existed a direct
relationship be tween haemoglobin concentration (er) paecked eell
volume and scores on the Ha?wi}d step test which assured ocardie
respiratory reserve with near maximum exercise (Viteri and

Torum, 1975).

Iron deficienecy anemia affeets the physieal work capaeity
by reducing the availability of oxygen to the tiassues whiech in
turn affects the ¢ardiac output and the heart eventually leading
to death in severe cases (Vijayalakshmi et al., 1983). Basta
(1977) and FAOQ (1977) reveal that Werld Bank has identified iron
defioiency anemia amomg the possible facters limiting work sutput
and physical gcapaeity of male agricultural and read econstrugtion

workers under tropical conditiouns.

Gopalan (1975) reperted that studies on agrieultural
labourers had shown that using an acute severe exerocise whigh
meagures ocardiopulmonary reserves, differences im maximal physieal
efficiency can be demonstrated, evenm vhen the anemia is of a mild
or moderate degree. Such fimdings have been reported among road
construction werkers and workers in rubber plantations. The
changes due to anemia seenm to have beem correeted by raising the

Hb level, according to reliable observations.
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WHO (1975%) pointed out that a great deal of ill health
sapping energy and preductiveness in mamny countries and causing
tragedies in child birth was due to anemia. Anemia is a major
compligcation of pregmancy in developing coumtries.as per
Esvaran ot al. (1981) and is believed to be a contributing faetor
in the ineréased incidence of genitourinary infeections, still
births, premature births and iy the reduction e¢f birth weight

ef the infant.

Balasubramanian (1975) pointed out that apart from causing
a large number of deaths amomg pregnamt women, anemia debilitates
the farm and industrial workers, affects their working capacity

and reduces their work output.

Nutrition Reviews (1980) state that adolescent beys whe
were under nourshied durimg ohildhood had impaired work efficieney.
Anemia interferes with the sense of well heimg of the individual
and reduces produetivity and work capaeity, it aggravates many
other disordera, it contributes to the overall mortality associated

with malnutrition (Food and Nutritionm Bulletim, 1979).

Rao (1981) stated that available evidence indigated that
both severe and mild foxrms of iron deficienoy are assogiated with
several deleterious effects in man. IXIn ehildren it may impair
immuno competence and reduce resistance to infection and henoce
inereasgse morbidity. In pregnancy severe anemia is knowa te be
associated with increased risk of premature delivery amd inoreased

maternal and fgtal merbidity and mortality.

According te Lakbanpal (1976) iron deficiency is a

nutritional disorder where the mean ocarpuseular haemoglebin
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ooncentration falls below the accepted mormal level which is
described as hypochromic anemia. The irom deficiency anemia is
characterized by decoreased size of red celis, reduced serum

iron and decreased haemoglobin concentration.

k. Importancge ro u ementatio

Hallberg et al. (1984) opined that there ias a high
prevalence of iron deficiency anemia in most developing countries.
Anemia has A negative effects on health and well being. It is
important to find effective and realistic methods to counteract

the iromn defieiency.

Bothwell et al. (1981) suggested that severe anemia during
pregnancy could be prevented by either iron supplementation or

by food fortifiecation.

Costa et al. (1984) and Rao (1981) pointed ocut that
babitual diets consumed in certain parts of America and India 1igs
quite low and at this low level of absorption, maintenance or
iron balance is not possible in a large proportion of pepulation
respectively, This mecessitates the supplementation of ireom

in their diets.

An open ended questionaire administered to the women
showed that those receiving iron reported an imprevement in
appetite, a sense of well being and decrease in tiredness and
palpitation. The supervisors also noted a marked behavioural
alteration suech as cheerfulness and lack of irritability inm those

receiving iron (Rahamathullah, 1983).
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Rao (1981) peimted out that two main approashes for the
contrel and prevention of iron defiolency amemia are
(1) improvement of babitual diet to emhance irem availability -
an appreach wvhich wvas not practieable in many population groups,
(11) direct imtervention with additional iren supplementation
of iron and folate in tablets or other suitable forms and
fortification where a haematimic is added to ome of the articles

of diet.

Se . at n wyork outpu

Bagta (1978) shewed that supplementation with iren amd
a positive haemoglobin respouse reversed the earlier findings,

and contrel groups maintained their lower productivity level.

Esvaran et ;_1_.' (1981) carried out a study on 80 expectant
mothers in the lower secio-economic status astending twe Mumicipal
Maternity Centres im Coimbatore where Modified Special Nutrition
Programme (MSNP) and irom and folic aeid supplementation were in
operation. The results showed that the nutritional status of
the expectamt mothers improved with a combined supplswentation
of iron, folic aecid, Bulgar vheas/Balahar and salad oil. By
improving the mother's nutritional status, the conditionm of the
new bornm also could be improved to some extent as indigcated by

the anthrepometric measurements.

In a study conducted by Iatham (1976) in Parnassus estate
where supplementation was provided in the second half of the

season there was a significant effect on veight for height on
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productivity both before and after supplementation. The cutters
whese weight/height was below 85 per cent cut significantly

less sugareane than those whose weight/height wvas above 95 per cent.
This signifiecant relationship remained when fagters such as

age, weight, height and skinfold thickneas were controlled.

According to the Anmual Report of NTN (1978) a group of
children receiving a daily supplementation of iron (20 mg) and
folic acid (100 mog) sablets showed significant increase in mean

haemoglobin levels than that of the contrel greup.

A® per Year Book of Imdia (1983) a prophylatic programme
to prevent nutritional anemia among women and children, included
the distribution of irom and folie acid tablets through health
centres. This programme covered 2.4 erore mothers amd children

annually.

Rahamathullah (1983) pointed eut that of the toetal 228
women (employed in Malabar-Wynaad) studied 33 had Hb level eof
5 gus er less at the beginning of the study. The average Hb
levels and mean body weights ef the women were 6.1 gm and k8.1 kg
reaspectively. The experiment consisted of feeding the anemio
individuals with irom tablets accompanied by deworming treatment.
At the end of the study a remarkable inerease in Hb level amd
an improvement in their body weight was observed. They alse
showved a marked improvement in work perfeormance as well as in

the number of days werked.

The study en work efficiency conducted on 100 adolescent

boys with am aid of ergometer revealed that boys who were heavier
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and without any execess fat with normal body weight for their

age were able to do more work whem compared to their coumterparts
who were lighter and less well mourished. Due to the difference
in total weight, the work capacity of Americans and Indians at
the same age was different. Our boys lagged behind Ameriecan

boys because of lower weight (Nutrition, 1982).

Mertsz ot al. (1984) stated that iron deficiemcy is a werld
wide problem affeeting women of child bearing age and ehildren.
It affects the rich and the poor alike and in contrast te other

trace elements, knows no geographioc boundries.

Spurr et al. (1977) eonducted a study om 46 sugarcane
cutters of 18-34 years of age. The VO, max. and daily
productivity had been measured in 46 sugarcane cutters. A
multiple regression anmalysis demonstrated that productivity was
simultanecusly related %o VO, max height and body fat (r = 0.685%,

P 0.001). The multiple regression equation wass preduotivity
(tons/day) = 0.81 VO, max - 0.14 per oent fat + 0.03 height - 1.96.
The data indicated that productivity was affeected indirectly by
nutritional status through the influenee of the latter onm height,

fat content and VOz Bax.

Basta (1977) peinted out that iron deficiency anemia
inoreages the mortality rate of women and decreases the learning
ability of children. Basta's (1977) study enm 571 read
construction workers between 18 and 39 years of age showed that
moderate to severe anemia (baemoglobin below 11.1 g/100 ml,

haemotocrit of 33 per cent and below) was present in about 20
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per cent of the anemic sample, was closely assoeiated with peor
performanee in the Harvard step test. Their perfermance increased

after iron supplementatien.

Another study carried eus by Bassa (1977) on rubber
plantation werkers inm Java showed that Tappers classified as
anemic on the basis of WHO morms collested about 19 per cent
less latex (corrested for age and type of tree) tham non-anemie
workers. An intervention programme was then carried eut for six
weeks. This consisted of supplying 300 rubber tappers, divided
equally inte two groups of anemies and mon-anemies with one eof
tvo treatments; (a) 100 mg of elemental iren (in the form eof
ferrous sulphate) and (b) a lqoohariuo placebo. After six veeks,
work sutput measurements showed that the previocusly anemie
tappers were colleeting just as much latex as non-anemic ones.

The haemoglobin levels of the anemic subjects were also improved.

The study carried eut by Basta (1977) em 200 read
construction workers in Northern Uttar Pradesh revealed that the
work eutput of one of the two populatiens studied wvas also
correlated with Hb levels. In beoeth populations there were close
relationship between work eutput and dietary iron and folate

intake and height, weight and arm eircumference.



Experimental Procedure
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IXI. EXPERIMENTAL PROCEDURE

The experimental procedure pertaimimg to this study en

'Anemia and work output' is discussed under the following headings.

1. Selsotion of the area
2. Selection of the subjects
3. Assessing the nutritional status of the subjects
a. Condueting foed wveighment survey
b. Recording heights and weights
¢. Carrying out biochemioal estimations
i. Estimation of haemoglehbin
11. Estimation of serum iron
111. Egtimation of total iren binding capacity (TIBC)
iv. Estimation ef packed oell velume (PCV)
d. Assessment of the clinieal status
4. Recording pulse rate and blood pressure of the
subjeots
5. Determimation of basal metaboliec rate (BMR)
6. Determination of vital capaoity
7. Regording the pulse rates while working em a
static bicycle ergemeter
8. Determination of work efficiency of the subjects
for specifie activities
9. Supplemsntation with iren tablets

10. Evaluating the work eutput after supplemensation

1. Seleotion of the area

Tamil Madu Agricultural University Farm wvas chosen as the

plage for oonducting the researeh werk. The place was chosen fer
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its nearness and the co-operation extended by the autherities

and farm vorkers.

2. Selecgtion of the subjeqgts

Thirty adult women who were anemic as judged by haemoglobin
levels formed the experimental group and 30 adult women whose
haemoglobin levels werxe satisfactory (nhovo 10.5% 3/100 ml of

blood) formed the control group.

3. ] u onal atus e suble

On the basis of experience gained in nmutrition surveys
conducted im more than twenty countries by the Interdepartmental
Committee on Nutrition for Mational Defenge (ICNND) it is
apparent that a gcombined appreach including physical, biochemigal
and dietary assessments give more meaningful information than

any one approach taken separately.

A diet survey (ome day weighment survey) on a sub-sample
of 10 subjects who were anemic and 10 subjeets who wvere non-anemioc

was done.

The investigatjos visited the houses of the subjects and
welghed all the raw food items before coeking. The weight of
the cooked items were noted down after cooking. After this the
subjects were asked to consume the weighed amount of food.
Aftexr they had finished, the quantity of fooed left unconsumed
was weighed and this was substrated from the cooked weight of

the food given to her. From the above data, the gquantity of
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cooked foed consumed by the individual wvas ebtained. YFrom the
cooked food consumed the raw ingredients used were oaloulated,
and the nutrients available from the diet per day was calculated

using the 'Nutritive Value of Indian Foods' (Gopalan et al., 1982).

b. Recording heights and weights

The pattern of growth and the physical state of the bedy,
though genetically determined, are profeumdly influenced by diet
and nutrition. Hence anthropome tric measurements are a useful
criteria for assessing the nutritional status (Swaminathan, 1974).

Therefore heights and weights were recorded for all the subjects.

The height wvas measured using a fibre glass tape fixed to
the wall, The subjects were asked to stand erect and upright
on a firm level floor barefooted against the tape with lags
parallel and arms hanging freely at the sides. A weoden scale
was placed gently on the head perpendicular to the wall and the

height was measured from the tape nearest to 0.1 om.

The weights were taken preferably in the morming after
bowel movement and bhefore breakfast. The subjeots were vearing
light clothing. The weights were measured on platform type beam

balance sapable of reading upto 0.1 kg.

(- Ca b al i ti
i. Egsimation of haemoglobin

Sohaefer (1966) opines that biochemiocal findings are
extremely valuable in assessing sub-optimal nutrition where

physical symptomatology camnot be recognised. Haemoglobin levels
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are perhaps the best single biechemical index of the general
state of health of a population and the fimding of a high
inecidence of anemia in a population is a cause to suspect iron

deficiency whatever be its sourace.

A finger prick was made with a sterilised needle and
0.02 ml of blood was collected with the help of a miero pipette
taking care mot to allow any air bubble to enter into the
pipette. The colleoted blood was bhlown out into a labelled
filter paper. The congentration of hasmoglobin was estimated
after dilution of the blood sample in a solution that converts
haemoglobin to cyanmethaemoglobin which was them quantified
spectro-photometrically using the method of Cresshby et al. (1954).
The values arrived at were ocompared with those of Sauberlich
(1976) and all those below the range of 10 g/100 ml were termed
anemic in case of adult vemen. The procedure for the estimation

of haemoglobin 4is givenm in Appendix I.

1i. Estimgtion of sexrum iron

Pearson (1966) peints out that the earlier stages of iron
depletion in the body might be deteoted by determimation eof serum

iron levels and total iren bindimg oapscity (TIBC).

Five ml ef venous bloed was collected and cemtrifuged for
serum separation after the addition of potassium oxalates. The
VZ:II:aiaa serum was used for estimating serum irom by the
Dipridyl method of Varley (1969). The procedure for estimationm

of serum iron is given in Appendix II.



Adi. Easimatien ef tetal Axen hkinding aspasity (I19C)

Pearson (1966) warns that fnorvased iron binding ospacity
is @ oharngteristic of uncomplicated ironm deficiensy. JSerum vas
obtained from the veanous blood eolleeted from the subjects.

Total iren binding capagity of Shese serum samples vere esstimmted
by the Ramsay's Dipyridyl method (1969). The proeedure for
estimation of total iron bindimg capasity is given ims Appendixn IIIX.

Av. Zagimatien of packed oell volume (PCY)

Packed ooll voluse was determised by msans ¢f a specially
devised centrifuge tube known as hematoorit. Two ml of blood
rendered noan-goagulable, 18 drawn into a graduated capillary tube,
placed 18 a centrifuge and vevolved &t a speed of 3000 rpm for
30 minutes. A$ the end 0f this time the eriginal blood will be
found to have separated into a ¢lear colorless ¢olumm of plasma
and & red eolumn of corpuseles. The lengthe of the twe columns
are read off by msans of S$he graduations om the tude. The length
of the red coluan gives the packed eell volume (DJest aund Taylor,
1961).

de Aspessment of She alinisal atatus

Pearson (1966) states that clinical examination is she
moat essential part of the nutritional surveys, since the ulsimmte
objeotive is to assess levels of health of fndividuals and

pepulation groups as influenced by the diet they consume.

Numerous signs and sysptoms of dietary deflieiencies hawe
been classified by several findividual scientists eor expert



23

committees. Among those signs and symptoms of dietary
deficiencies a few important ones have been used as the oriteria

for assessing the clinical status of the subjects.

4., Rego a asure @ ubijegt

Among the three principal attributes of the eirculation,
blood pressure, blood flow and blood volume, the blood pressure
is the most easily determined and recorded (Best and Taylor,

1970).

The pulse rate and blood pressure of the subjects before

and after different activities were also recorded.

Korotkoff (1905) imtroduced a convenient method by which
the systolic amd diastolic pressures could be ascertained only
through listening to a sound. In this method commonly the
pressure of the brachial artery is measured. The instrument

used is known as sphygmomanometer.

Ausgultatory method: The instrument is kept at the level
of the heart and the cuff is tied round the upper arm. Pressure
is raised to 200 mm of Hg and then gradually released. Variations
of sounds are heard with a stethoscope placing its chest plece
on the brachial artery, a little below the cuff. The sounds
are heard due to ocecurrence of turbulence in the flow of bloed
threugh the narrowed blood vessels when the manometric pressure

Just coimcides with the systolic blood pressure.

Due to givimg ailr pressure in the cuff, the vessel is

pressed and blood flow is obliterated. But while releasing the
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alr pressure gradually, blood just begins to flow through the
narroved blood vessels and the pattern of flow is changed from
streamline flow (silent) to turbulent flow (moisy) when the
pressure is further released, normal streamline flow sets in

and the sound is ne longer heard. At this point manometrio
pressure coincides with the diastolic pressure. 8o, as the
pressure is released the following variations of sounds are
heard: First phase - sudden appearence of a clear tapping sound.
This indicates systolic pressure. It persists while the
pressure falls through 15 mm of Hg. Sesoond phase - the tap.

I¢ persists whilde tHe pressure fwids through 13 mm of Mg. Seoond
phase - the tap sound is replaced by a murmur persisting for
another 15 mm of Hg« Third phase - the nuruﬁr ia replaced by

& clear loud gong sound lasting for the next 20 mm of Hg.

Fourth phase - the loud sound suddenly becomes muffled and
rapidly begins to fade. This point indicates diastolic pressure.

Fifth phase ~ abhsence of all sounds.

5. Determination of basal metabho ate o e subie

Indirect calorimetry: Due to complications invelved in

direct calorimetry, heat output is calculated indireotly from

02 consump tion and coh output.

The Benedict Roth apparatus is very useful, as the heat
production can be ocalculated in this type of apparatus, by the
oxygen consumption only, without determination ef co, elimination.

The subject is alloved to breath from o2 reservoir through a

mouthplece, the nose being clipped. The coz eliminated in

expiration is absorbed by soda £ime to keep the 92 reservoir pure.
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The fall in the level of o2 during the experiment is recerded
which gives the value of 02 consumption at the specified time.
In this method, respiratory quetiemt of the subjest is not

determined.

After normal calories per hour and actual test calories
per hour had been determined the smaller figure is substracted
from the larger figure, then divided the difference always by
the normal. Thus obtained deocimal fraction when multiplied by

100 gives the Basal Metabolic Rate in per cent.

6. a o al ga 0 he subie

Vital capacity is the maximal ameunt of gas that can be
expelled from the lungs followimg & maximal inepiration (Best
and Tayler, 1970). It oan be measured by an instrument called
Benedict's Reth Spireometer. 7The vital capaecity of a subjeoct
indicates his respiratery efficiency. In anaemic individuals
vital eapacity will be generally affeated therefore the vital
capacity of the selected individuals vas also carried out inmn
our study. Ome end of the short rubber tubing which comes with
the apparatus is conneected to the open end of the two-way wvalve
and the vital capaocity mouth plece is imserted inte the other
end. The spirometer bell is down at the lowest peint. The
subjeot in the standing position, havimg taken a full breath,
filling the lungs to the ustmost, ocleared off the nostrils with
the thumb and fere finger and was requested to exhale into the
apparatus. The pen made a straight line downward as the bell

raised to the height of the exhalation. The difference between
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the initial and final points of the straight line gives the

vital capacgity.

7. he oriki a
static bicycle ergometer

It is a modified bicycle specially constructed for
carrying out standardised work whose wheel is rotated by
pedalling without the astual progress of the bieycle in which
the amounts of mechanioal work per unit of time are registered.
Pulse rates of the subjeots were monitored while they were
cyoling at a speed of 3535-60 revolutions per minute against the
amounts of resistence in the sitting position on a static
bicyele. The duration of the experiment was nine minutes. The

pulse rates were monitered at third, sixth and ninth minute.

8. atio f york e e ) subjegt
specifioc activities

Both anemi¢c and non-anemic groups of w lunteers were
requested to do the following activities, namely straw harvesting,
cowpea haulms cutsing, cowpea pod pieking, sorghum harvesting
and weeding, for 30 minutes and the area covered by them were
measured using a measuring tape. The amount of ocowpea pods picked

by each individual vas weighed and givem in terms of grams.

9. Supplementation with irom Sablets

All the 30 anemic women in the ederimental group were
supplemented with ferrous sulphate taklets of 120 mg per day
for 90 days. The non-anemic velunteers were givem a placebo

tablet to aveid differenciation.
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10. e Kk t afte ) a

Afteor supplementing the volunteers with iremn tablets for
90 days the work ocutput was againm evaluated based on the area
covered within 30 minutes while doing the following activities
namely, straw harvesting, cowpea haulms eutting, cewpea pod
pioking, sorghum harvesting and weeding and compared with the

earlier values.

The ehanges in blood pressure and pulse rates were also
determined for the same activities after supplememtation. The
hazemoglobin, serum iron, total iron bimding eapaaeity and packed
¢ell volume were estimated after iron supplementation and wvas
compared with the initial values. Similarly the basal metaboliec

rate and vital eapaeity were also compared.



Results and Discussion




The results and discussion pertaining te this study om

tAnemia and work outpus' are disocussed under the fellewing

headings.

1. Nutyitienal status of the subjests at the stars

3.

h.
5.

6.

of
Qe
k.
..
de
L X}

&3

Pulse rate and bleed pressure of the subjeats

Basal metaboliae rate and vital gapaocity of the

IV. RESULTS AND DISCUSSIONM

the study

Mean foed and untftout imtake
Mean heights and weights

Mean haenoglebim levels

Meam serum irem and TIBC levels
Meam pagked cell velume

Clinieal pieture

subjeets

Work entput during speeifie agtivities

Pulse rates of the subjects while werking on a

static bicyole ergomsster

Impact of iron supplementation en the anemie

subjects

1. Musritienal sgatus of the subjects at $he start of the ptudy

Table I gives the mean food intake ef the subjests
partieipating in the study.

ake
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TABLE I

MEAN FOOD INTAKE OF THE SUBJECTS

ICMR Food insake
Food stuffs (s) nﬁ:::;::z:)' Anemio Non-anemi.e
(1984) group group
(e) (a)
Cereals 350 &30 k3s
Pulses 53 20 26
Green leafy vegetables 125 18 53
Other vegetsables 75 19 21
Roots and tubers 75 28 19
Fruits 30 o 9
Milk 100 10 19
Fats and oil : 40 9 8
Sugar and jaggery 30 22 19
Non-vegetarian item 30 0 10
Eggs 30 o o

# .. allovances are for moderate activity

The mean food intake of beth the greups was inadequate
with reference to all the foods with the only sxeeption of
gereals, where the intake was much higher than the recomended
allovances. However, non-amemiec women appeared to consume more
of green leafy vegetables when cempared %0 their counterparts in
the anemic¢ group which probably would have influemced a better

haemoglobin level among these subjects.
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Mean nutrient intake

Table II brings out the mean nmutrient intake of the

subjects.
TABLE II
MEAN NUTRIENT INTAKE OF THE SUBJECTS

ICMR Food intake
Watrients :;gzszzzi:g Anemio Non-anemie¢

(1984) growp group
Preteins (g) ks 36 A2
Energy (K oal) 2200 1600 1806
Caletum (mg) 400-300 358 453
Iren (mg) 30 23 28
Retinel (mcg) 750 136 k34
Thiamine (mg) Ted 1.3 1.4
Riboflavin (mg) 1.2 O.hk 0.52
Asoorbic acid (mg) 50 21 95

# .. allevances are for moderate activisy

The meanm mutrient intake of the amemic¢ women was imadequate
wvith respeot t0 all the nutrients except thiamime. The mean
nutrient intake of the mon-amnemic womem was inadequate with
respect to proteims, energy, iron,retinel and ribhoflavin wvhereas

1t wvas adeguate with respeot to caloium, thiamine and aseorbiec acid.

Though the mean intaks of iron was low in beth anemic and
noneanemic wvomen, the bio availability of iron among non-amemis

women might have been better since their mean intake of
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* oojugrone MY
ascorbic acid was high. Dietary ascorbic acid infiwences the

absorption of irom agcordimg to Krause (1979).

Individual data of food and mutrient imtakes are given

in Appendix IV.

b. Mean heights and weights

n

In Table IIX we can see the anthropemetric data of both

the groups.
TABLE IIIX

MEAN HRIGHTS AND WEIGKTS

Anemie Non-amemio
Details ¥=30 N-30
Mean height in om 151.27 & 5,071 151,03 ¢ 4.9)
'$' value 0.21"*
Mean '.‘.‘h' in k‘ 41.6 2 3057 h2.6 K d 3018
't' value 1.11%

¥ oo Not significant

All the subjests were selected in sugch a way that they
were in the age group of 2540 years. The mean height of the

anemiec vomen was 151.27 om as against 151.03 em recorded by

the non-anemic women.

The mean weight of the anemic women was 41.6 kg against

42.6 kg of non-anemioc womem. The mean weights of bosh anemio
and non-anemie¢ vomen were less than A% kg, the weight ef an

average Indian woman, suggested by XCMR (198k).



32

Statistioal analysis of the heights and weights revealed
that the differences in heights and weights betwveen anemis and
non-anemic women were not statistically signifiecant. It is
essential to keep the variations minimum in a study like this,
since the differences in amthropometric measurements may influence
the work eutput and emergy expenditure. Therefore subjeots for
the study were chesen with differences in heights and weights

being statistioally insignificant.
Individual heights and weights are appended in Appendix V.

ce. Me @ o leve
Table IV gives the mean haemoglobin levels of the subjects
at the begimning of the imvestigation.
TABIE IV

MEAN HAEMOGLOHIN LEVELS OF THE SUBJECTS

Mean
Groups N haemoglobin 't' value
(8/100 ml)
Non-anemie 30 13.0 &+ 0.282 so.84"*
Sauberlieh (1976) 10.00

% .. Significant at one per eent level

The anemic women had registered a mean value of 9.4 g/100 ml
which was low whem compared to 10 g/100 ml suggested by
Sauberlich (1976). The mean haemoglobin values of the non-anemic

women were above 10 g/100 ml eonfirming that they were non-anemie.
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Statistical analysis betwveen the values registered by
the anemic and non-anemic wvomen revealed that the values vere
significant statistically at one per cent level. It was imporsant
to ochoose such subjects with significantly different values so
that it would be possible te astribute the differences in the

activities, to the differemces im the haemoglobin level.

Individual haemoglobin values are given in Appemdix VI.

d. Mean serum iren and TLAC levels
The mean serum iron and TIBC levels of the subjects in

the beginning of the study are givem in Table V.

TABIE V

MEAN SERUM IRON AND TIBC OF THE SURJECTS

Mean serum

Detalls iren (mog/tOO ml) Mean TIBC
Anemig N-30 65.% + 4.2) 425.6 ¢ 22.38
Non-anemi¢ N-30 101.9 2 2.3% 315.6 ¢ 45.17
't' value 41.36"* 11.95"*
Cartwright and ‘
Wintrobe (1949) .o 432

*» ., Significant at eme per ceunt level
The anemic womenm registered a mean serum irem value of

65.% mog/100 ml against 101.9 mog/100 ml reeorded by the mom-amemis.

Statiatical analysis between the values registered by

the anemic and non~anemie women, revealed that there was a



significant difference at one per cent level, between both the

groups. Imdividual serum iron values are givem in the Appendix VII.

Davies et al. (1952) foumd a TIBC of 204-k29 (mean 320)
-¢?/100 ml in females with a per cent saturation of 14-51 (avtrugo
33). Cartwright and Wintrobe (1949) pointed out that in case
of iron deficiency anemia the range is )O4-705 and average is
482 meg/100 ml.

In the present study the anemic women registered a mean
tosal irom binding capacity of 425.6 mog/100 ml against 315.6

meg/100 ml recorded by the nom-anemio women.

Statistical analysis between the values registered by the
anemic and non-~anemic women, revealed that there was a signifiocant
difference at one per cent level, between koth the greups.
Individual total iron binding capacity values are given in the
Appendix VIIX.

e. Meap pagked gel] volume (PCY) of the subjects

Table VI highlights the mean packed cell volume of the

subjests at the start of the study.

TABLE VI

MEAN PACKED CELL VOLUME OF THE SUBJECTS

PCY in
Groups N per cenmt 't' value
Anemic 30 22.7 2 &e19
Non-amemie 30 38.8 + 0.82 20.65""
Davidson et al. (1975) by - 48

*e ., Significant at ene per oent level
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Davidson et al. (1975) state that normal packed cell
volume (PCV) is 45-48 per eent. Anemic women had registered
a mean packed cell volume of 22.7 per cent against 38.8 per eent

recorded by the non-anemic women.

Statistiocal analysis between the wvalues registered by
the anemic and non-anemic women showed that there wvas a
significant difference at ene per cent level hetween both the
groups. Imndividual pagked cell volume of the subjects are

given in Appendix IX.

f. Clinical pigcture

In general the clinical picture of the non-anemic greup
appeared to be better than the anemic group. Out of the 30
anemic subjeets 17 subjeets had skin pallor amd 12 subjecis'
hair was lacking lustre while out of 30 non-anemic subjects,
only 6 subjeots had skin pallor and 2 subjects' hair was lacking
lustre. VWhile doimg vork, 13 anemig subjegts out of 30, became
tired easily, 11 had poor breath-holding eapagity and 6 subjeots
were exposed to the problem of giddyness whereas none of the
non-anemic subjects were prone to these characteristic cliniecal
symptoms of anemia. Other than these clinical symptoms, both

the groups wvere free ffom other deficiency symptoms.

2 8 a ressu he o

Table VII presents the mean pulse rate of the subjects
reeeorded bhefore and aftexr the activity at the beginning of

the study.



TABLE VII

MEAN PUISE RATE OF THE SUBJECTS BEFORE AND
AFTER THE ACTIVITY

Mean pulse Y Mean pulse ‘g
Group N rate before rate after
activity value activity value
sStra vest
Anemic 30 82 ¢ 2.23 108 2.7
17.87"" * 35.92 "
Non-anemi¢ 30 73 4+ 1.5% 84 + 1.78%
Cowpea haulms
cutting
Anemie 30 82 4+ 2.13 103 + 2.48
3 18. 159» 3&.93&»
Non-anemio 30 73 & 1.67 8k + 1.92
Cowpea pod picking
Anemio 30 82 2.09 93 2 3.5%
* 19.86"" 12.28""
Nom-anemic 30 73 & 1.3k 83 + 2.69
Sorghum harvesting
Amemic 30 83 4+ 1.3%6 103 & 3.3
23.89"" 21.96""
Non-anemie 30 73 + 1.68 84 + 3.4
Needing
Anemia 30 8k &+ 1,31 104 4+ 3.01
27.09*» .4 27.32*4
Non-anemia 30 73 4 1.5k 85 + 2.66

* %

.

Significant at ene per cent level
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It ia obvious from Tabkle VII that there vas an inorease
in pulse rate after deing aotivities like strav harvessing,
cowpea haulms cutting, cowpea pods paseking, serghum harvesting

and weeding.

The difference was ebserved amoung all subjeets irrespective
ef whether they were anemic or non-anemic. However it was
noticed that the rate of increase in pulse rate was more for the
anemi¢ women than non-anemie women. Tht; inereased pulse rate
among anemioc women indieated that they had to exert more to do the

same activity because they were anemic.

Statistical analysis also showed a significant difference
in pulse rate at ene per cent level for all the activities among

anemic and nmom-anemi¢ women.

Individual pulse rates taken befere and after the astivity

are given in the Appendix X.

Table VIII depicts the mean bloed pressure of the subjects

before and after the activity for a specified period of time.
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TABLE VIIX

MEAN BIOOD PRESSVRE Or THR SURBJICTS
BEFORE AND AFTER THR ACTIVITY

Mean blood pressure

|
Group Beferxe After
Aotivity Activity
Ssraw_harvesting
Anemio 30 116/79 122/82
Non-anemic 30 116/78 120/80
Cowpea haulms cutting
Anemie 30 119/78 121/81
Non-anemio 30 118/78 118/79
Cowpea pods gicking
Anemie 30 118/78 120/81
Non-anemie 30 117/78 119/79
Sorghum harvesting
Anemioc 30 117/78 120/80
Non-anemic 30
Weeding
Anemio 30 119/79 123/82
Non-anemio 30 118/79 121/81

Both the aystolic pressure and diastolic pressure
appeared te inorease om perferming the activity irrespective of

whe ther they were anemic or men-anemic but the inerease was net
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significant. Individual blood pressure values of the subjeocts

are given in the Appendix XI.

3. a ® ta apa e _gub ) ]

Mean basal metabolic rate and vital capacity of the

subjects are given 4in the Table IX.

TABLE IX

MEAN BASAL METABOLIC RATE AND VITAL
CAPACITY OF THE SUBJECTS

Details BMR im per cent Vital capacity in ml
Anemic N30 k6.9 + 10.2 1998 4 135.76
Non-anemic N-30 32.1 + 3.6 223% » 127.76

't' value 7.49"" 6.96""

Chat terjee (1980) .e 3100

#** ,, Significant at one per cent level

The mean basal metabolic rate of anemic women was 46.9
Per cent against 32.1 per cent of non-anemic women, who participated

in the present study.

Statistiocal analysis between the values registered by the
anemic and non-anemic wvonmen revealed that there was a significant
difference at one per cent level between both the groups.

Individual bagsal metabolic rates are given in the Appendix XII.

The normal basal metabolic rate of age group 25-A4 years

is 35.7 per coent (the Mayo Foundation Normal Standards). The
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normal vital sapacity of the womenm is 3,100 ml aceording te
Chatterjee (1980). The amemic women registered a mean visal

capacity of 1998 ml against 2235 ml reeorded by non~anemisc women.

The statistieal analysis between the values registered by
the anemic and nen-anemic women revealed that there was a
signifieant difference at one per cent level hetween heth the
groups. Individual vital ¢capacity values are given im the

Appendix XIIX.

d. York output durAng spesifie sotivities

Table X depieta the mean work out put of the subjects

at the start eof the study.



TABLE X

MEAN WORK OQUTPUT OF THE SUBJECTS AT THE
START OF THE STUDY

Mean verk eutput
in terms of area 1g

Group N covered 4im sqem value
in 30 mdinutes
Straw harvesting
Anemio 30 19 & 1.03
a7.38""
Nom~anemie 30 28 o 1.48
Cowpea haulms gutsing
Anemie 30 19 & 0.89
* %
Nom~anemie 30 28 ¢ 1.6 23-24
Cowpea pod picking
Anemis 30 39 0.91
* 23.8""
Nom~anemie 30 k8 4 1.68
Sorghum harvesting
Anemie 30 28 ¢+ t.39
1h.25"*
Nem-anemie 30 3 &+ 1.84
Weeding
Anemioc 30 28 o 1.36
2 . oo™
Non-anemio 30 3 5 2.13
gtoknd in }Ei
Anemie 30 1342 » 172.3 »n
. 10.16
Nom~anemie 30 1703 &+ 92.68

*% .. Sigunificant at eme per eent lewel
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The mean area covered by amnemioc wvomen durimg straw
harvesting, cowpea haulms ocutting, cowpea ped picking, sorghum
bharvesting and veeding within a specified perioed of 30 mimates,
vas 19 sq.m., 19 sq.m., 39 sqem., 28 sqem., and 28 sq.m., against
28 sq.m., 28 sq.m., 48 sq.m., 34 sq.m., and 34 sq.m., cevered
by non-anemic women respectively. The quantity of peds pieked
by anemio women was 1342 grams against 1703 grams pioked by
non-anemic women. These results indicate that non~anemic women
performed better and their work cutput vas higher when compared

teo the anemi¢ wemen.

Statistieal analysis alse revealed that the differences
in the area covered was signifisant at one per cent lewval for

all the five activities.
Individual datas are givem in the Appendix XIV.

5. [ he subie a
statioc le ate
The mean pulse rates of the subjeets taken by the
ergometry techanigque at the start ef the study are presented
in Table XI.



WORKING ON AN STATIC BICYCLE ERIOMETER

TABIE XI
MEAN PULSE RATE OF THE SURJECTS TAKEN WHILE

Mean pulse

Group N rate 't' value
Jrd minute
Anemic 30 99 ¢ h.%9 e
15.37
Non-anemio 30 81 « 4.47
6th minute
Anemio 30 110 & 5.37 "
13.08
Non-anemi o 30 92 ¢ 5.29
9th minute
Anemie 30 119 & 429 e
13.0k
Non-anemio 30 102 ¢ 5.97

*'.. Significant at one per gent level

The pulse rate had inereased for all the groups afier

L3

ergometry, irrespectiye of whether they were anemic or non-anemio

but the rate of inerease among anewmlc women was higher than that

of non-anemi¢ women which was statistically signifiecant at one

per sent level.

The individual pulse rates during ergometry are given

im the Appendix XYV.

6. Impact of Iron Supplementation on the Subjecgts
a. Haemoglobin levels

Table XII gives the mean haemoglohin levels before and

after supplementation with iromn tablets.
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TABLE XIX

MEAN HAEMOGLOHIN LEVELS OF THE SUBJECTS
BEFORE AND AFTER SUPPILEMENTATI ON

Mean haemoglebin

Group N (g/100m1) 't! value

Before supplementatiom 130 9.4 ¢ 0.392 hh.'
39.

After supplementation 30 12.9 & 0.289

Sauberlieh (1976) 10.0

*® ,, Significant at one per eent level

The mean haemoglobin values of the anemic women incoreased
from 9.4-12.9 g/100 ml after supplementation of their dietss with
iron tablets. The beneficial effects of iron supplementation
was very evident from this study. The increase in haemoglobin
was alse statistically signifigcant at one per gent lewvel,
revealing the greater ssope of iron supplementation for improving

anemic individuals. he 3wme (3 Seen w:dcm(&{ ‘n ,?Lauye.g

Vijayalakshui ot al. (1983) have reported similar
significant inereases in haemoglobin levels after 60 days of

iron supplementation to anemis pregnant wvomen.

The baemoglobin levels in the anemiec subjects is given

in the Appendix VI.

be rum Iron and levels
Table XIII depicts the mean serum iron and TIBC levels

before and after supplementation with iron tablets.
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TABLE XIIIX

MEAN SERUM IRON AND TIBG O THE SUBJECTS BEFORE
AND AFTER SUPPLEMENTATION

Details “’?:c:;fg; :{3‘ TIBC (mog/100 ml)

Besfoxre supplementation

Beto 65.5 2 4.23 425.6 4+ 22.38
ArNor eupPlomentation 101.6 + 2.67 317.4 4 kb33
't value 39.53"" 11.93""
Cartwright and — 482

Wintrobe (1949)

#% ,, Significant at one per cent level

As is evident from Table XIXII, the mean serum irom levels
bad increased among anemic woemen from 65.% mog/100 ml to
101.6 meg/100 ml. Statistical analysis revealed that the
inorease wvas statistically significant at Gno per cent level.
This also substantiates the benefiecial effects of supplementation

of Lirom to the anemioc women.

The rise in serum iron levels in the anemie¢ group is

given in the Appendix VII.

From the Tabhle XIII it is obvious that the mean total ironm
binding capacity had decreased from 425.6 to 317.4 mog/100 ml
as a result of iron supplementation. The present values are
well within the normal values. Analysis also revealed that the

decrease vas statistiocally significant at one per cent level.



4é

The decorease in total iron binding capacity of the

anemic group is given in the Appendix VIII.

¢. Packed Cell wvolume (EQII

The mean packed cell volume (PCY) of the anemic group
before and after supplementation with iron tablets are presented

in Table XIYV.

TABIE® XIV
MEAN PACKED CELL VOLUME (PCV) OF THE

SUBJECTS BEFORE AND "SUPPLEMENTATION

N
Mean PCV in
Groups )| per ocens 't value
Before 30 22.7 & k.19 L 2
19.73
After 30 380” 2 1.2

* ,, Siguificant at one per sent level

The mean packed cell volume ef the anemie group had
inereased from 22.7 per eent te 38.4 per cent after supplementation
with iron tablets. The number of aotive cells eapable of
oarrying oxygen im the blood inereases due to the increased
haemoglebin level whigh is & benefigial effeet of iron
supplementation. Statistieal analysis alse revealed that the

inerease vas statistigally significant at one per eent level.

The packed cell volume ghanges im the anemic subjects

are given in the Appendix IX.
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d. Pulse Rate

The mean difference in the pulse rate before and after
activity and before and after supplementation are represented

in Table XYV.

TABLE XV.

MEAN PULSE RATE OF THE SUBJECTS BRFORE
AND AFTER 8UrPLEMENTATION

. 1ge
Group N Be fore te! After value
agctivity wvalus activity
Straw harvesting
Before 30 82 » 2.23 2‘.“.' 105 ¢+ 2.70 39.62%#
After 30 72 ¢ t.32 83 & 1.4
Cowpea haulus gutting
Before 30 82 ¢ R.1% 103 4 2.48
21.24"" 35.89" "
After 30 72 3 1.43 82 4 2.03
Cowpea pod picking
Before 30 82 2.69 93 & 3.55
+ 20.66"* 15,37
After 3073 & 1.15 82 » 1.66
Sorghum bharvesting
Before 30 83 » 1.356 as 103 2 3.29 e
: 30.33 29.55
After 30 72 4 1.23 82 4 2.08
Vefding
Before 083 & 1.31 ek + 3.0
° 3 * 30.6"" - 35.90" "
After 30 72 ¢ 1.47 81 a 1.82

## ., Signifieant at onme per cent level
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This change or rather decrease in the rate of imcrease
in pulse rate afte activities indicates that there is less
exertion after supplementation to de the same activity.

Individual pulse rates after iron swpplementation is given in

the Appendix X.

e. Blood pressure

Table XVI gives the blood pressure levels before and
after activity before and after suppleaentation.

TABLE XV
MEAN BLOOD PRESSURE BEFORE AND AFTER
SUPPLEMENTATI ON
Mean bleod pressure
Aotivities N Before ALter
agtivity activiey
Straw harvesting
Before 30 116/78 122/82
After 30 118/77 121/80
Cowpea halums cutting
Befere 30 117/78 121/81
After 30 117/17 120/80
Cowpea pod piloking
Before 30 117/79 122/80
After 30 116/717 121/80
Sorghum harvesting
Be fore 30 118/79 122/80
After 30 117/77 121/80
Weeding
Before 30 118/80 124/82

Afser 30 1M7/77 122/80
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Both the systolio and dgttolic pressures increased
after performing the activities but it was not statistically
significant. Individual bloed pressure values of the anemio
group after supplementation with iron tablets are given in
the Appendix XVI.

f. Basal Metaboli ® and a
Capaeity

The mean basal metabelie rate (BMR) and mean vital

capacity before and after supplementation are given in Table XVIA

TADBIR XVIX

MEAN BASAL METABOLIO RATE AND VITAL CAPACITY
BEFORE AND AFTER SUPPLEMENTATI ON

Details BMR in per cent Vital capacity in ml
::;gro supplementation 46.9 4 10.2 1998 & 135.76
:f;;r supplementation 36.9 ¢ 1.72 2184 & T77.87

'$' value 5.30"" 6.51""
Chatterjee (1974) 3100

The mean basal metabolie rate of the anemic group had
decreased from 46.9 per sent %0 39.9 per cent. The difference
in the BMR before and after supplementation indicated a
S8tatistiocal significance at one per cent level. The

individual values of BMR are given in Appendix XII..
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The mean vital capacity ef the amemie greup had inereased
from 1998 ml to 2184 ml affer supplementation with irem tablets.
The maximal amount of gas expired from the lungs affer a deep
inspiration referred as vital capacity had imgreased frem a
low value to a somewhat satisfastory level which may be due to
iren supplementation. Nowever these values are still lower
when compared te She values of Chasterjee (1974), Individual

values are given in Appendix XIXI.

8¢ Work output

Tahle XVIiIIgives the impact ef iron supplementatien

on the work ocutput.
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Women who were anemic at the start of the study had
subsequently become mou-anemic because of irom supplementation.
The mean area covered durimg straw harvesting, eowpea haulms
cutting, cowpea pods picking, sorghum harvesting and weeding
by them after supplementation had inereased from 19 sq.m.,

19 sqems, 39 sq.m., 28 sq.m., Ra'lq-lw, to 22 aqem., 22 sq.m.,
42 sqem., 30 sqem., and 30 sq.m., respeotively. The mean
quantity of peds picked had also ingreased from 1342 te 1492
grams in 30 minutes. The incorease in werk ocutput after

supplenentation was statistically significant at one per cent

level. he 32me ¢5 Seca evr o(entﬂrj n {ilauVe,‘G*

Individual area covered by the aunemic group are givem

in the Appendix XIV.

h. Pulse rate during ergometry

The mean pulse rates taken while working om a static
bicyele ergometer after supplementation are given in

Table YWIFI. XX
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TABLE XIX

MEAN PUISE RATES OF THE SUBNJECTS WHILE WORKING
ON A STATIC HICYCLE ERGCOMETER BEFORE
AND AFTER SUPPLEMENTATION

Groups N puI::.:ato 't' value
2rd minute
Before 30 99 + A.59 e
19.97
After 30 81 4 1.82
6th minute
Before 30 110 & 5.37 P
17.24
After 30 91 &+ 2.76
9th minute
Before 30 119 k4 4.29 "
18.88
After 30 100 4+ 3.46

*8 ., Signifieant at ome per gent level

The mean pulse rates of the anemic group had deoreased
from 99, 110, 119 te 81, 91, 100 respectively at 3rd, 6th and
9th minute of the exerdse after the supplementation. Pulge
rate (100) of the subjects after supplementation at 9th minute
vas almost same as that at 3rd minute (99) before
supplementation. Statistical analysis revealed thas the
decrease in pulse rates are statistically significant at ome

perxr cent level.

Individual pulse rates are givem in the Appendix XVIIX.



Summary and €onclusion
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V. SUMMARY AND CONCILUSION

The study on 'Anemia and work output' was designed
with the aim to find out the relationship bhetween nutrition
and work output with speeial reference to iron deficiency
among farm women doing specific activities and te supplement
the anemic subjects with 120 mg of ferrous sulphate for a

period of 90 days and observe the impast of supplementation.

Subjects with similar anthropometric measurements and
socio~economic background were selegted for the experimental

and contrel groups which inoluded 30 subjeets in each group.

Both anemic subjects and non-anemic subjects werxe
studied with reference te their dietary intake, clinigal
status, biochemical examimation, work outpus, pulse rate,
blooed pressure, basal metaholic rate, vital scapacity and pulse
rate and compared with each other. The agricultural acotivities
for the study included straw harvesting, cowpea haulms cutting,

cowpea pods plokimg, sorghum harvesting and weeding.

After supplementation 1ts impact vas studied by
repeating all the parameters. Through this study the

following fagts were revealed.

1. The mean food and nutrient intake of the anemic
subjeets were leoss thanm that of the non-anemic subjeets,

specially with reference te green leafy vegetables.
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2. The climieal assessment of anemic subjeats showved
that many of them exhibited easy fatiguability and pallor

of the skin.

3. The mean hasmoglobin levels, serum iromn, packed
cell volume of anemic subjects increaged from 9.4 g/100 ml,
65.5 mog/100 ml 22,7 per eent to 12.9 g/100 ml, 101.1 mog/100 ml
38.4 per cent respectively. The meazan total irom binding
capacity of the anemic subjects decreased from 425.6 to

meg/100 m1l to 317.4 mog/100 ml after supplemeatation.

4. The rate of inerease in pulse rate wvas deoreased
signifiocantly while carrying eut the same kind of activities
after supplementation. Blood pressure valuoc‘alno showed
some difference before and after supplementation bust wvas
not statistiocally significant. This indicates probably a
better gcardiac and pulmonary efficiency due to ingreased

haemoglebin.

S. The basal metabolic rate of amemic subjects deereased
markedly after supplementation indicating that the energy
neoded for their basal activities vas minimised.

6. The vital capacity had increased after supplementation

showing their improved breath holdimg eapacities.

7. The mean pulse rates rescorded by ergometry showed

a decrease after irem supplementation.
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The results of the study suggest a greatey scope for
programmes Anvolving &ron supplementation %@ working
pepulatien 8¢ improve thedr wvork efficiencys A country like
India 4e in dire need fer effisient vorking populatiom to

improve i$s economie condi®ions and compete with @ther natiens.
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APPENIIX X
ESTIMATION OF HAEMOGLOEIN BY CYANMETHA MOGLAH N METHOD

The haemoglobin is treated with a resgent contsining
potassium ferric cyanide, potassium dihydrogen phosphate, The
ferricyanide forms methaemoglobin which is converted to gyan
methaemoglobin by the cyanids,

Reggents
Drapkin's diluent solution
Sodium hicarbonate R X
Potassium cynanlde oo 0,05 g
Fotassiun ferxic cyaride s 0u2 g
Ddstilled water ee 1 litre

This solution is preserved in a dark bottle and preferably
under cold storages. 1ts preparation and handling should be done
with great care, This solution should not be used after it foxms
a precipitate at the bottam of the storage bottle,

Progcedures

1, Exactly S ml of the Drapkin's diluent solution is measured
into a dry test tube from a burette (or) a pipette with suction
pulb,

2. Exactly 0,02 ml of blood is transferred from a standard
haemoglobin pipette into a diluent solution, Usual care in filling
end cleaning of loaded ‘aenoglobd.n pipette must be observed,

3. The pipette is rinsed three times with the diluent solution
without allowing the fommation of aly bubbles in the solution,

4. The blood and the &lluent are thoroughly mixed by
rotating the tube,



g R t=
S, Ten minutes time 4s allowed for the formation of
cyamethaemoglobdin,
6. TFive ml of diluent solution is used as blank,
7. The readings are tsken in photoelectrie calorimeter

at 540 m/u,
a

Cliberation procedure
1. Total blood iron 48 determined by & Wong's method which

would give absolute amount of haemoglobdn,
2. Exactly .02 ml of thds known blood sample is measured
into 5.0, 7.5, 10.0, 12,5 and 15,0 ml of dlluent solution, These
are now equivalent to blood samples contaiming respectively 100,
67, 30, 40 and 30 per cent of the original haemoglokin concentration,
3. The intensity of the color is read uaing a green filter
at 540 m/u against a bland set at sero optical density,.



APPENIE X I
DETERMI NATION OF I RON AND HAEMOGLOEKIR BY WONG'S METHOD

Principle

The iron is detached from the haemoglobin molecules by
treatment with concentrated sulphuric acid in the presence of
potassium per-sulfate, without heating, After removal of the
proteins by tungstic acid, the iron in the filtrate is detexmined
colorimetrically, From the total iron content, the maemoglobin
content is readily obtained, since the h'amglohd.n content 1is
0.34 per cent of iron and only 1 to 2 per cent or less of the
total blood iron is non-haemoglohdin iron,

Reggenhts
1. 10 per cent sodium tungstate

2. Saturated pottassium persulphate solution
3. Potassium cyanide
4y Standard iron solution
S. Working standard
Procedure

with an Ostwald (or) micropipette, accurately transfer 0.5 ml
of well mixed oxalated whole blood into a 50 ml volumetric flask,
&t Add 2 ml of saturated potassium persulphate solution., M x and
dilute to about 25 ml with water, Add 2 ml of 10 percent sodium
tungstate solution., Mix and cool to room temperature under the
tap and dilute to volume with water, Stopper and mix by inversion,
f£ilter through a d4ry, paper collecting the filterate in a dry
£flask, Prepare a standard in a second 50 ml volumetric flask
by addition of 2 ml of concentrated suyphuric acid, 2 ml of
saturated potassium per sulphate and 2.5 ml of standarxd iron
solution conteining 0,1 mg of ferric iron per ml,



i 2 =

Cool to room tcnperatum; dllute with water to the mark and mix.
Prepare s a blank similar to the standard but omitting the
standard iron solution,

Measure 20 ml of unknown filtrate, standard and blank L€,
necessary into separate test-tubes, To'aa::h add 0,5 ml of
saturated persulphate solutiem followed by § ml of 3 N potassium
thio cyanide solution. Mix by inversion and read withim the
next thirty minutes, setting the colorime ter to zero density

with the blank at 480 m/u,
Calculation

Density of unkno

x 8325 x aOO x 1 @& grams of
Density of standard 2 .

haemoglobims per 100
ml of bloocd,



APPERIE X II
ESTIMATION OF SERUM IRCN IXPYRIDYL METHOD

Principle

Ferrous irxon gives a pink colour with 2,2 dipridyl. A
solution of dipyridyl in acetic is added to serum followed
by a reducing agent, Proteins are removed by heating in boiling
water and then centrifuging,

Reagents
1, 2.2 dipyridyl - 0,1, per cent acetic acid 3 per cent

v/v
2, Sodium sulphate 0,1 m
3. Cholorofomm
4., Standard solution containing 200 micrograms
of iron/ml
8, Working standard « dilute 3 ml of the stock solution
to 100 ml with water to obtain a solution containing
3 mg/ml
Progcedure
Mix equal volumes of serum, O.im sodium sulphate, and
dipyridyl reagent in a glass stoppered tube which can be
centrifuged, Heat in boiling water for five minutes, Cool and
add 0,1 ml of chlorofomm, stopper and shake vigourously for
§ive minutes at 300 rpm. If the supernatent is mot completely
clear, repest the shaking and centrifuging, Read at 520 s/u
standard in the same way.

Calculation
Miecrxograms iron per 100 ml
of the serum = Readings of unknown x 300

Readings of standard



S 2 se

This readings are linear with concentration #® at least
$00 per 100 ml, %o obtain & caliberstiom curve, & lute § ml
of the stock standard t@ 3100ml with water and set up tubes containing
Oud, 0.8, 1.2, 1.6 and 2,0 ml thig, make ezch ¢ 2 ml with
water and develop the @oler as described above and read against
the blank. These correspond to 100, 200, 300, 400 and 500 /ug
per 100 ml,



APPERIX X IIIX

DETERML NATIOR OF TOTALIIRON‘H[ND[NG CAPACITY & RAMSAY'S
DI PYRLDYL METHOD

Reagentg
1. Yerric chloride solution = 5 Jug irony/ml in
0,005 N Hel, Prepare a stock solution containing
145 mg of Peclz/ 100 ml of 0,5 K acid dlute one to
100 ml with distilled water,
2. Magnesium carbonate~ light for absorption
3. Sodium sulphite, 0,2 /u, 2,52 g of the anhydrous
salt/ 100 ml,
4. 2.2 dipyridyl 0,2 per cent in acetic acid, 3 per cent
chloxoform and standard solutions as for the method,
Technj que
Add 4 ml of the ferrie chloride solution to 2 ml of serum,
After allowing for 5 minutes add 400 g of Mg, co, {100 mg for
each ml of ferric chloride), Shake frequently and vigorously for
30-60 seconds, Centxifuge and pipette off 4 ml of the supernatent
£fluid for iron detemmination., If the dipydridyl methods is used
add one ml each of the 0,2 /ug sulphite and 0,2 per cent dpyridyl
and proceed as ddscribed previously for étermiming serum iron,
The result gives the total iron kinding capacity. If the serum
iron is detexmined at the same time the per cent saturation is
easily calculated,
c on
Total iron kinding eapacity in m/u 100 ml serum

= unkno x 100 x £
Reading of standard 1,33

'WL&E x 450
ading of standard
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APPENIEX - V
INILVIDUAL HEIGHTS AND WEIGHTS OF THE SUBJECTS

o P 6% b SR GD B G WP B AR W G W Y WP W AR D P M O @b W G W @ W W W an W @B @ G W S W e =@ -

- Anemie group Non~anemic group
Number Height in Weight in Height in Weight in

cms kg cns kg

1 148 49 152 41
2 158 42 148 41
3 156 40 150 40
4 145 41 150 39
-1 196 38 185 44
é 145 41 155 40
7 185 43 150 -1
8 153 40 158 42
9 157 41 135 42
10 158 43 156 43
11 150 44 145 40
12 140 39 156 42
13 155 47 145 42
14 158 41 153 41
15 150 40 148 41
16 151 45 150 42
17 155 35 154 42
i8 160 46 158 47
19 156 40 150 40
20 145 41 149 41
21 156 42 155 43
22 149 40 160 42
23 147 40 154 41
24 148 43 154 47
25 145 40 149 41
26 143 35 155 47
7 154 7 153 47
a8 150 52 148 41
29 150 42 154 40

30 148 41 145 43

G G S S a» Gh WF SR G W AF & T T W W B W W S G T ar W O Gl W G G R W A EE G W R AN e S o



APPERIL X « VI
INIEVIDUAL HARMOGLOHLN LEVELS OF THE SUBJECTS

e S5 W dr W Ex @) W Gb GP W W G G GF AN AR G0 @ A WS G0 G A G BB o N AR AR wr D G O B W S W @O & =

Anaemie Non Anaemic
No, _ Hpemoglobin g/100ml No, mmlg&_m__'.n;__
Bafore After
Supplemen- lemen-
tation tion
2 9.87 13,5 2 12,3
3 9.58 13.3 3 13.0
4 9.15 13.3 4 13,01
S 8.6 12.3 (- 13,0
é 8,7 13.0 6 13,0
7 9,72 13.0 7 12,5
8 9.44 13,0 8 13,5
9 93 ' 13.01 9 12,87
10 9.4 13,09 10 13,01
11 90 13,3 12 13,3
12 9.4 13,08 12 13,3
13 9.73 13.0 13 12,8
14 8,87 12,8 14 13,09
15 8,58 12.87 15 12,7
16 9,44 12.58 16 13.5
17 9.58 13.01 17 13,3
18 9.01 12.8 18 13,01
19 9,87 12,8 19 12,59
20 9.8 13,01 20 12,5
21 9.3 12,08 21 13,08
22 9,87 12,58 22 12.9
a3 9.58 132.87 23 13,0
24 9,01 12.8 24 13,0
as 9.58 13.01 28 13,0
26 9.72 13.0 26 12,9
r ¢} 9.0 12,30 27 12,8
28 8.9 12,85 28 13,0
a9 9,87 13,05 29 12.987
30 9.5 13.01 30 12.58



APPENIZ X - VIX
INIX VIDUAL SERUM IRON VALUES OF THE SUBJECTS

® B M G W v Sn D M W Wb I W PR @ WS WP W @R G W W W T R @ PP W W e R A W e e e W = W

Anaemd ‘ Non Ansemic
No. Serum I ron mca715551 Ko, Serum Iron mc

Before After
Supplemen- Supplemen=-
tation tation
1 60,83 99,5 3 104,28
2 63,0 106.8 2 96,43
3 69.52 103,28 3 101,93
4 65.18 103,28 4 102,72
3 60,90 95.45 5 101,93
6 60,73 100,85 6 101,93
7 60,83 100,85 7 98,01
8 69.62 100,85 8 105,88
9 68.83 101,72 9 100,93
10 69,35 102.64 10 102,73
11 73.87 105.30 11 104,28
12 69.62 103,30 12 104,28
13 60,83 102,15 13 100,37
14 60.18 100,92 14 102,64
15 60,0 100,85 15 99,58
16 69.25 99,1 16 105,858
17 69,52 102,72 17 104,28
i8 64.83 100,92 18 102.72
10 63,0 89 ,0 19 98,72
20 63.66 101,72 20 98,01
21 67,35 106,0 21 101,15
22 63,0 98,72 22 101,93
23. 69.52 101.0 23 101,93
24. 67.85 99,0 24 101,93
25 69.52 104,0 28 100,91
26 60,83 95,0 26 100,91
27 93,69 92.4 7 101,93
28 60,66 99.2 29 100,91
29 63,05 102.5 29 98,01

30 69,52 102 30 101,85

W OGn R sy S o s G A Gk G PP S AP GBS W W A G AR D T SR R AR OB G W G S W B T @ B B W W e



APPENIZ X - VIIX
INCIVIDUAL TOTAL IRON EINIENG CAPACITY OF THE SUBJECTS

- as @ M G ® W S W G I B @ W e 5 U G A e W@ O G W Gk ST G @ M B M P R W @ = -

An Non Anaemic
No, Total Iron ng No, Total 1ron Binding
- .- 0%ty meg/l00ml L L . o C3acity mcg/100 ml |
Before After
Supplementa- Supplemen=-
tion tation
1 393,75 270,0 b 3 253,13
2 399,36 265,0 2 393,75
3 421,86 270,0 3 382,50
4 405,00 255,0 4 360,00
-3 450,36 394.0 5 281,25
6 461,25 379.0 6 292,50
7 444,38 279.,0 7 288,13
8 427.13 292, 0 8 360,00
9 427.56 297,13 9 253,13
10 421,86 305.15 10 298,13
11 410,63 355,0 11 481,25
12 399,36 374.85 12 360,00
13. 433,13 368,5 13 309,38
14 465,00 310,0 14 303,75
15 455,68 345.75% 15 264,38
16 461,25 352.5 16 275.63
17 433,13 365,.0 17 264,38
i8 438,75 310.8 18 365,63
19 388,125 299,0 19 342,13
20 133.13 360,53 20 320,63
21 421,86 358,0 21 371,25
22 399,36 344,0 22 376,88
23 410,36 260,13 23 371,25
24 450,00 322.54 24 264,38
25 438,75 282.0 25 270,00
26 393.75 358,0 26 281,25
27 427.50 370,0 N 320,63
28 444,38 262.0 28 247,50
29 399,36 268,55 20 348,75

30 405,00 248,0 o 354,38

@ A G 4 W @5 @ b F @ @ B G o G B S G s G o G s G W op SE er 4D 4B W W W W W o= a



APPENIEX « IX
INDIVIDUAL PACKED CELL VOLUME OF THE SUBJECTS

- ek W T @ S T W W B W W A S W A S G M D e P S R W W W AR W ™ W

No. 'FEEE;H 339% voiuno in % No, .p§§533'ceII volume 1in %

Before After
Supplemen= Supplemen-
tation tation
1 24,3 38. 1 39,9
2 24.68 41 2 36.9
3 23,98 39.9 3 39,0
4 22.68 39,9 4 39,03
5 21.3 38,0 8 39,0
-] 21.78 39,0 6 39,0
7 24.3 38,8 7 37.5
8 23.6 38,78 8 40,0
9 23.25 38,8 9 38,63
10 23,5 39,3 10 39,0
11 22,5 395 11 39,9
312 23.6 38,5 12 39,9
13 24.33 38,5 13 38,4
14 21.18 3740 14 39,27
15 21.45 39,0 15 38,1
16 23,60 36,8 16 40,8
17 23,95 38,0 17 39,9
i8 25,53 3%:5 18 39,03
19 24,68 36,88 19 37,77
22 24.68 36,5 22 3847
23 23.95 38,61 23 35,0
24 22,53 36.5 24 39,0
25 23,95 39,5 as 39,0
26 24.3 39,5 26 36.4
14 22,5 35.75% F 44 38,4
a8 22,25 38,5 28 39,01
29 24,68 39,0 29 38.61

e 23,75 39,0 30 37174



3 APPENIEX » X
INIE VIDUAL PULSE RATE IN SUBJECTS IN PERFORMING STRAW HARVESTI NG

qi-“‘-'-‘-ﬁ-.ﬂ---’ﬁﬂ-,.’Q'--..‘Q‘---.

Angemic Non - Apemic
Before After

Bo, Supplemen~ Supplemen= No.
— tation Lk
Be%ore After Betore After Before After
Activity Activity Activity Activity Activity Activity

- ws > W @ ar an W WD GO A W W G W e SR mE W SR W W S B G YR A N A G AR Wb A W e W A
1 79 103 72 b { 74 80
2 81 102 (3} 2 72 80
3 80 100 15 3 71 82
4 79 101 75 4 73 83
5 79 104 75 5 75 84
(- 82 108 72 6 72 84
7 84 103 72 7 73 82
8 80 108 72 8 T1 82
9 76 107 72 9 74 83
10 81 108 74 10 73 83
11 84 109 72 11 78 80
12 84 110 72 . 12 73 83
13 87 108 72 13 73 82
14 84 103 72 14 73 83
15 79 104 T2 18 74 84
16 81 108 72 16 74 86
17 82 106 72 17 78 85
18 81 107 72 18 75 82
19 82 103 72 19 78 85
20 83 104 72 20 73 85
21 82 108 72 21 71 84
22 82 109 . 70 22 71 86
23 83 3108 72 23 73 87
24 86 102 70 24 72 86
25 82 105 72 25 74 84
26 83 104 72 26 76 85
27 84 103 72 Y4 ] 74 83
a8 83 102 70 28 73 85
29 81 100 70 29 70 84
30 82 101 70 30 72 86



APPEMIEX - X
IR VIDUAL FULSE RATE OF THE SUBJECTS WHILE COWPER HAULMS CUTIING

B W@ @& W @ S S 5 W B S @ T © G > S G W & a W W G B T S W & W6 & W @& T @ @& G W W -

Ro. __b_agggs : No, Non = Angemic
Before After Before After
Supplementation Supplementation Supplemen=  Supplemen~

: tation tation
Besfore After Before After Before After
Activity Mctivity Activity Activity Activity Activity

i 80 100 76 86 1 72 81

2 81 103 74 82 2 73 82

3 80 102 73 87 3 70 80

4 79 100 72 80 4 72 81

5 80 103 72 82 ) 74 83

6 81 99 74 81 6 73 82

7 83 101 74 85 7 72 81

8 79 105 73 85 8 70 80

9 77 106 72 80 9 73 82

10 82 107 73 81 10 74 83
11 83 109 72 81 11 76 es
12 86 103 73 89 12 70 81
13 84 100 70 84 13 72 81
14 8s 108 70 80 14 73 84
15 83 104 70 80 15 73 84
16 80 103 73 81 16 74 8s
17 82 102 71 80 17 76 87
18 83 105 7 80 18 73 82
19 80 99 71 82 19 76 as
20 81 100 71 82 20 72 84
21 es 103 71 80 21 71 83
22 84 104 72 78 22 70 85
23 80 100 73 81 23 74 86
24 84 105 73 82 a4 74 86
2s 8s 104 71 81 25 73 83
26 83 105 71 81 26 75 84
F 14 83 104 70 81 4] 73 85
as 82 101 71 80 28 72 86
29 82 102 72 80 29 73 83

30 80 "100 72 82 30 74 8s



APPENII X «» X
INXEVIDUAL PULSE RATE OF THE SUBJECTS WHILE COW PEAPOD FI CKI NG

™ W@ @ S B G B e W A G ) @ W@ G W S S S G T TP e Gk B G WD G W S G S @ D G P AN e W -

Egg - C
No. Before Supplementation After Supplemen— Before %ter

tation, Supplemen-  Supplementa-
X o on
Before After Before After Before er
Activity Activity Activity Activity artitlity Activity
p | 80 88 74 85 1 73 82
2 82 89 73 84 2 75 86
3 81 90 72 80 3 72 81
4 78 87 74 81 4 71 80
5 80 90 74 83 s 74 83
6 80 91 73 83 é 78 86
7 82 92 73 84 7 74 87
8 78 8% 73 81 8 72 80
9 78 86 72 82 9 71 81
10 83 89 73 82 10 74 83
11 84 92 74 84 11 75 88
12 85 93 73 85 12 72 82
13 85 9% 70 82 13 71 80
14 84 95 74 81 14 73 84
15 84 95 73 83 15 74 86
16 80 2 § 12 80 16 72 81
17 81 80 73 82 17 74 82
18 84 93 73 81 18 15 81
19 80 " 73 80 19 74 80
20 82 95 70 80 20 75 86
2z 84 96 7 80 21 74 87
22 as 97 71 79 22 73 83
a3 81 98 73 81 23 72 81
24 83 98 74 83 24 73 80
a5 84 98 73 80 23 71 80
26 82 97 73 80 26 73 81
a 84 95 71 83 V4 74 80
a8 83 o4 73 80 26 75 86
29 81 93 71 80 29 T3 86
30 81 92 73 82 30 72 87



APPENIEX - X
INIK VIDUAL PULSE RATE OF THE SUBJECTS WHILE SORGHUM HARVESTIRG

W G WD G W A Gh W G A W W B WP W E G Ak W e R G W ED ARGy M T mEn S W B N Ak wew

Ho Before Supplemen- After Supplemen— e Fop.~. Anmmis
o

tation tation
Before After Bafore After Before Afterxr

Activity Activity Activity Activity Agtivity Activity
1 82 9% 73 86 1 73 82
2 83 98 76 87 2 72 80
3 84 102 74 83 3 70 78
¢ 84 100 74 80 4 72 80
5 82 101 74 83 5 74 84
6 82 103 74 85 6 7 81
9 80 104 74 85 ] 72 82
8 80 108 7¢ 80 8 70 80
9 80 105 74 a3 9 75 83
10 82 103 72 82 10 72 81
11 8% 102 73 80 11 74 82
12 84 160 72 82 12 72 80
13 85 100 74 84 13 74 83
14 84 101 75 84 14 74 o4
18 83 98 74 84 15 73 82
16 82 99 72 82 16 72 83
17 81 99 74 80 17 74 85
18 83 102 72 81 18 76 84
19 82 105 74 81 19 73 85
20 81 103 74 80 20 76 88
21 83 104 73 80 21 70 82
23 86 104 72 80 22 74 89
23 83 105 73 80 23 73 90
24 84 108 75 82 24 74 85
25 83 109 72 80 25 72 92
26 81 102 72 82 26 7% 89
7 85 106 72 80 27 73 86
28 82 107 70 79 28 758 87
29 82 103 72 81 28 72 89

30 81 104 73 80 30 70 88



APPENIX X - X
INIX VIDUAL PULSE RATE OF THE SURJECTS WHILE WEEIX NG

@ S S @ B S 4D A W m Sy T B S @ D B P ® Y G @ e b W G A W W B W = P S @ W ™ @ -

Before Supplemen- After Supplemen- Before after

unnn.____n%am — Activity Activity
BeZore &fter Befo After
Activity Activity Activity Activity

b | 83 o7 72 88 i 74 84
F ] 84 99 72 82 2 73 82
3 83 103 72 80 3 72 80
4 84 104 72 82 4 74 82
5 83 105 70 80 5 78 80
6 83 103 72 81 é 73 84
97 82 107 76 83 7 70 80
8 82 104 72 80 8 72 83
9 81 103 75 86 9 76 84
10 83 104 70 86 10 73 81
11 86 102 70 86 11 15 82
12 85 100 73 80 12 73 84
13 84 104 73 82 13 74 86
14 83 103 72 80 14 73 83
135 83 104 72 80 15 74 80
16 82 100 70 80 16 73 82
17 84 99 73 81 17 74 85
18 88 106 73 80 18 75 84
19 86 107 72 80 19 76 86
20 87 108 72 81 20 74 87
3 § 83 107 74 81 21 72 88
22 84 108 70 81 22 70 89
22 82 109 74 83 23 74 84
24 83 107 71 80 24 71 89
25 83 103 7% 82 25 73 86
26 83 104 71 83 26 74 89
7 88 108 71 81 27 75 87 .
a6 84 105 72 81 28 76 85
a9 83 100 72 ad 29 72 84

30 82 103 74 80 30 73 86



APPENIL X - XX

INIZVIDUAL BLOOD PRESSURKE OF THE BUBJECTS IN STRAW HARVESTI NG
AT THE START OF THE STUDY

- B W b A W G Wk P W e W e B Ak R A T AR s ap W W TR WD A WS W W W kW W W e e e

Non « AnaesdicC

Ro s Ro
 —pAped EIRAR © e ilReS RopmIIS

e
Activity Activity Activity Activity
118/80 124/81 1 120/80 122/81
120/80 124/82 2 120/80 123/82
3 118/80 123/82 3 120/80 124/81
4 110/80 120/82 4 120/80 123/81
5 113/80 120/83 s 120/80 1231/61
é 117/80 120/81 6 110/80 120/80
Y 120/80 12¢4/81 7 115/80 117/80
'} 120/80 124/82 8 120/80 120/80
9 110/70 120/93 9 115/75 117/79
10 11078 120/80 10 110/70 110/70
11 110/80 120/82 11 110/80 120/80
12 115/80 120/81 12 130/80 120/81
13 120/80 123/81 13 115/80 120/61
$4 120/80 124/82 '14 A420/80 121/82
15 118/786 122/81 18 120/80 123/862
16 120/80 122/82 186 120/78 122/80
17 118/80 125/82 17 12Q/79 122/80
18 120/80 124/83 18 1 5 118/76
19 120/80 120/62 19 115/80 119/80
20 118/80 1231/02 20 110/79 120/81
> 110/80 123/€1 21 110/78 120/80
2 115/75 120/82 22 115780 120/80
2 110/80 123/80 23 115/75 120/80
24 115/80 124/862 24 120/80 122/81
-3 115/78 124/861 38 110/60 110/80
26 120/80 120/80 26 120/80 122/80
() 118/80 120/81 s | 115/80 120/81
28 115/75 122/61 28 117/80 120/60
29 118/78 123/83% 29 118/79 120/80
7] 115/78 120/80 30 120/60 122/80



APPENII X - XI

INXVIDUAL BLOOD PRESSURE OF THE SUBJECTS WHILE COWPER HAUMLS
CUTTING AT THE START QF THE STUDY

Y W G G 4 W Y G @B S @ W e @ B @ S G S G D e ae G s W W Gh S S8 Wy B G G W@ G G e > =

No. ——ADgemicBlood Presgure Ro., __RFop = Apgemic Blood
Before Activity After Activity Pefore YTeSSUr®,ciop
Activity Activity
1 120/80 122/60 1 120/80 122/80
2 121/80 125/80 2 120/80 121/80
3 115/80 120/80 3 110/80 115/80
4 115/80 118/80 4 110/80 117/80
s 110/75 115/80 5 115/80 117/80
6 116/75 118/78 6 115/80 115/80
] 120/80 122/80 7 110/70 110/70
8 122/80 124/80 & 110/75 110/75
9 120/60 122/80 9 115/70 117/72
10 120/80 122/80 10 115/75 117/77
11 110/75 115/80 11 115/80 1168/80
12 115/70 120/75S 12 115/80 118/80
13 120/78 120/80 13 110760 115/80
14 118/80 120/80 14 120/80 122/80
15 118/78 120/80 15 120780 123/80
16 115/80 117/80 16 120/80 120/80
17 120/80 122768 17 118/78 120/80
18 110775 115/75 18 110/75 120/80
19 110/80 112/80 19 112/75 120,78
20 120/80 121/81 20 120/80 121/80
21 120/80 220/80 21 121/80 122/80
22 110/80 119/80 22 118/80 120/80
23 115/80 118/80 ; 23 120/80 122/80
24 120/82 122/83 2¢ 180780 122/80
25 120/81 121/83 25 121/80 122/80
26 120/80 124/82 26 118/80 120/80
27 120/78 123/79 27 120/80 121/80
28 121/81 124/82 28 115/75 117/78
29 120/79 122/81 29 120780 120/80

30 120/80 124/80 30 118/80 120/80



APPENIEX - XX

INIIVIDUAL BILOOD PRESSURE WHILE COWPER POD PICKING AT THE
START OF THE STUDY

- e W A G 40 SR W A WS A @ W S G B E W W P W Uk W mE e G IR GF W N T A SR SR R G S e e A

Ko, Anaemic Bloog Presgure No. Non =
Pressurse
Before Activity After Activity Before After

Activity Activity
1 120/80 121/82 1 120/78 120/80
2 120/81 122/82 2 110/75 115/80
3 120/80 122/80 3 110/70 110/70
4 110/758 115/76 4 110/80 115/80
5 110/70 115/70 5 120/80 122/80
6 118/80 130/80 6 118/78 120/78
7 118/75 120/75 7 120/78 121/78
8 115/80 120/80 8 6122/80 122/80
9 120/80 121/81 9 120/81 120/80
10 115/80 120/80 10 120/80 121/80
11 120/81 121/81 11/ 118/75 120/75
12 125/80 126/82 12 120/80 121/80
13 110/70 115/70 13 115/80 120/80
14 115/70 120/70 14 118/80 120/80
15 115/75 120/75 15 120/80 121/80
16 120/75 120/75 16 120/80 121/80
17 120/70 124/70 17 120/80 120/80
18 110/70 115/70 18 110/80 115/80
19 120/71 120/73 19 115/80 115/80
20 118/18 122/80 20 115/80 118/80
21 120/82 122/82 21 120/75 121/75
22 115/75 120/75 22 110/75 115/75
23 110/75 115/75 23 115/80 117/80
24 110/70 115/75 24 120/80 120/80
25 115/78 120/75 25 125/680 127/80
26 115/80 115/80 26 120/80 122/80
27 110/80 115/80 27 115/78 117/78
28 120/80 122/80 28 120/78 120/78
29 122/80 125/80 29 110/70 115/70
30 125/60 130/80 30 120/80 120/80



APPENIIX - X
INCEVIDUAL ELOOD PRESSURE WHILE SORGHUM HARVESTING AT THE START

OF THE STUDY
Anamic Blood Pressure Bon -~ Anaemic
No, No. Bl Pressure
“Before Activity After Activity 30762!’ re!L ' nw&fter o

Ativity Activity

1 118/80 122/80 1 117/80 120/80
2 118/80 124/80 2 115/80 120/80
3 120/80 123/80 3  120/80 121/80
4 118/80 124/81 4 121/80 122/80
s 115/80 120/82 $ 120/80 122/80
6 115/75 12 0/80 6 120/80 121/80
7 1110/70 115/75 7 115/70 120/75
8 110/80 118/81 8 110/70 115/75
9 115/80 118/82 9 115/80 120/80
10 118/80 120/81 10 118/78 120/80
11 120/80 120/80 11 120/80 122/81
12 118/78 120/80 12 120/80 121/82
13 118/75 122/79 13  118/80 120/81
14 110/70 123/80 14/ 115/80 130/61
15 110/80 120/85 15 118/80 120/80
16 115/80 120/82 16 119/79 122/81
17 120/80 122/82 17  119/80 122/80
18 120/78 124/81 18  120/80 125/80
19 120/75 125/80 19 118/78 120/80
20 120/80 125/80 20 115/75 124/78
21 120/80 125/80 21 120/80 123/80
22 117/80 124/61 22 120/80 124/80
23 118/80 123/81 23 126/80 125/80
24 120/80 124/82 24 120/80 123/82
25 120/78 123/81 25 120/80 122/81
26 118/70 122/79 26 123/80 122/81
27 120/80 122/80 27 118/78 120/80
28 120/80 121/81 28 119/79 120/80
29 118/80 122/82 29 115/70 117/75

30 120/80 123/81 30 110/80 115/81



APPENII X - XI

INDI VIDUAL BLOOD PRESSURE OF THE SUBJECTS WHILE WEELL NG
AT THE START OF THE STUDY

W > @ = OB T A G B & W I S G W @ P G O W W M G b S B G @ @ T B W@ @ @ I B = o o=

Ko, aaagg%g ?ngg Eigggggg No. Nonp Angmig Blood
Before ty er Activity Pressure '
Before After
Activity Activity

1 118/80 185/82 1 180/80 122/81

2 119/80 124/82 2 118/80 123/81

3 118/80 123/81 3 120/80 123/81

4 115/75 125/82 4 115/80 120/81

S 110/80 120/82 5 110/80 120/80

(3 120/80 125/82 6 120/80 122/80

7 121/80 126/82 7 120/80 122/80

8 120/80 127/83 8 110/80 120/80

9 110/80 120/82 9 115/80 118/80

10 115/80 122/81 10 115/80 119/80
11 120/80 122/82 11 117/80 120/81
12 115/80 120/81 12 118/78 120/80
13 120/80 125/82 13 118/78 121/80
14 118/80 124/83 14 120/80 121/80
15 118/80 125/82 15 121/80 122/80
16 120/80 124/82 16 120/80 123/80
17 115/80 126/81 1% 121/80 124/80
18 118/80 124/82 18 120/80 125/80
19 118/80 123/81 19 120/80 129/82
20 120/80 124/82 20 120780 120/81
21 118/80 122/81 21 120/80 121/80
22 120/80 125/83 22 12Q/81 122/81
23 120/80 124/83 23 120/80 128/80
24 120/80 127/83 24 120/81 124/81
25 115/80 120/81 25 120/80 122/80
26 121/80 126/82 26 120/80 121/81
27 120/80 125/81 27 115/80 118/82
28 118/80 124/81 28 117/81 120/82
29 115/70 120/78 29 118/80 121/81

30 110/75 122/80 30 117/75 121/81



APPENIIX « XIIX
INIEVIDUAL BASAL METABOLIC RATRE OF THE SUBJECTS

@ WIS B o @ T b @ aF T W W @ B WP W W G D @ T S GES P W @ G T G G5 U Gy R O Gh W EE M - @

Anemieg Non = Anemie
5o Basal Metaboli¢ Rate 10% V Basal Metsholic Rate
L Snliti—— —— k. m
Before Supplemen~ After Supplementa- 1
tation tion
1 38,22 35,0 1 34.5
2 45,41 36,0 2 33.1
3 55,82 34,5 3 31.6
4 62,30 38,0 4 39.6
$ 54,60 33,75 [ 27.8
6 64,00 37.0 6 28,7
7 46,50 36.0 7 28,5
8 46,60 33,0 8 31,5
9 39,70 35,0 9 40,%
10 38,70 35,0 10 32,7
11 53,90 38,0 11 34.3
12 41,20 35.0 12 35.9
13 38,80 35,28 13 34.6
14 46,00 39,00 14 27.3
15 47,00 39,00 15 32,2
17 56,80 36,00 17 36,2
18 42,80 37.00 18 27,0
19 49,20 34900 19 33e}
20 58,7 37.5 20 33.5
21 48,00 36,5 21 31,0
22 42,80 33,58 22 26,0
a3 5220 38,9 23 34,0
24 48,00 36,5 24 29,0
25 55,00 37.5 25 32,0
26 54,00 38,5 26 28,0
27 40,8 34,5 27 1.0
28, 49,6 37.0 28 36.1
29 44.7 35,5 29 31,0

30 . 47,8 34,5 30 34.6



APPENIE X -~ XII
INCEVIDUAL VITAL CAPACITY OF THE SUBJECTS

D A AR G A T R RGN D S N W TR W D W W R P e W5 G G WGP G Ym M SN M WD A W W W B W

Ana@mi¢c Non = Anaemic
—Nos W&f No, Vital cepacity inml,
Before emen- ter Supplemen-
tation tation
1 2000 2250 2300
2 2200 2250 2280
3 2100 2200 2350
4 2150 2200 2200
5 2000 2100 2150
5 2050 2150 2000
7 2078 22715 2250
8 2100 2250 2150
9 2000 2200 2178
10 2000 2150 2100
11 2100 2250 2300
12 1900 2210 ' 2250
13 1800 2110 2300
14 1950 2225 2250
15 2100 2325 2750
16 1500 1950 2100
17 1800 2110 2150
18 2000 2200 2178
19 1900 2100 2200
20 2000 2220 2100
21 2100 2250 2350
22 2050 2150 2300
23 2000 2100 2200
24 2100 2225 2210
28 2150 2250 2220
26 1950 2100 2240
a7 1830 2150 2270
a8 1900 2150 2300
29 2000 2220 2350

30 2100 2300 2100



APPENII X « XIV

IR VIDUAL WORK OUT PUT IN TERMS OF AREA COVERED
(STRAW HARVESTI NG)

W & W M B G M D W G W @ W S G D W D WD W W G YD Gh WS W e @ WD W B G WD e W W S W W o

Anami@ Non « Anenig
ﬂoo_.lgm_mmg.m% No, _Ares covered in sgem
Before Supplemen- er supplemen~
tation tation

W WA G A B A W W W W W T WO A T U G WD ) N UG W W e D W W o
p 3 21.0 23.0 1 26,0
2 22.0 25,0 2 26.0
3 20,8 22,5 3 25.0
4 18,0 23.0 4 27.0
$ 18,0 20,0 S 28,0
6 19,0 22.0 é 29,0
7 20,5 22,5 7 30,0
8 18,5 20,8 8 30,0
9 16.0 20,0 9 28,5
10 18,0 20,0 10 27,0
11 20,0 25.0 11 27.5
12 18,8 20,5 12 28,8
13 16,5 22,5 13 27.5
14 19,0 22,0 14 28,0
15 18,5 20,0 15 29.0
16 18,0 20,0 p {3 28.0
17 20,0 22,0 17 29.5
18 19.5 21.0 18 26,0
9 19,0 22.0 19 24,0
20 19,90 22,0 20 26,5
21. 20,5 22,0 a3 28,0
a2 18.5 20,0 22 29,0
23 19,0 20,0 23 80,0
24 19.5 20,0 7 28.5
a5 16,0 22,8 as 25.%
26 16,3 20,0 26 7.8
4] 18,8 20,0 n 29,0
a8 18,0 20,5 a8 27,0
29 18,9 20,0 a9 28,0

30 20,0 20,5 30 27,5



APPENLLIX - X1V

INII VIDUAL WORK OUTPUT XN TERMS OF ARRA COVERED COWPEA
HAULMS CUTTI NG

-Q-------QQU--Q---Qﬁ-—----—--,--------u-

Anaemig Non- Anaemie
o win R o, ool son
ore Supplemen- er supplemen~
tation tation

2 21,0 24.0 2 24,0
3 19.5 26,0 3 26,0 |
4 19,0 24.5 4 27.9
5 18.5 30,0 5 30,0
6 18,0 28,0 ¢ 28,0
7 21.8 28,5 7 28.5
8 18,5 29,0 8 29.0
9 18.0 27.% 9 27.5
10 19,0 28,0 10 28,0
11 19.5 27.5 11 27.5
12 19,5 28,0 12 28,0
13 19,5 27.5 13 27.%
14 18.5 28,0 14 26.0
15 18,0 29.0 15 29,0
16 20,0 29.5 16 29.5
17 20,0 30,0 17 30,0
18 19.5 25.0 18 25.0
19 20,0 23.0 19 25.0
20 20,0 27.5 20 27.5
21 20,0 28,0 21 28,0
23 18.0 30.0 22 30.0
23 18,5 29.0 23 29,0
2¢ 19.8 29.5 24 29,5
a5 19.5 26,5 28 26.5
26 18,0 27.0 26 27.0
27 19.5 28,0 7 28,0
as 19,0 26,5 28 26.5
29 20,0 26.0 29 26.0

30 20,5 25,8 30 25,8



APPENIIX XV

INIEVIDUAL WORK OUTPUT INTERMS OF AREA COVERED
(COWPEA POD PICKING)

- @ o W > @ W@ ® B @ T B S e @ e T D o G W N G W G G G D G W P W G W Y s En AP -

Anaesic Non Anaemie
Axea Quantity Area Quantity of
Ko, covered in of pods . No. covered in Pods picked
S5Q.Me picked BQ.M, in g
in g.

1 40,0 1500 1 45.0 1600
2 41,0 1200 2 48,0 1800
3 39,0 1500 3 46,0 1750
4 40.0 1200 4 48,0 1700
5 38,0 1300 S 50,0 1600
6 39,0 1300 6 51,0 1700
7 40,0 1400 7 ¢ 47,5 1600
8 40,0 1500 8 .0 46,0 1750
9 40,0 1000 9 45,0 1850
10 38,0 1000 10 45,0 1650
11 38,0 1500 11 45.3 1670
12 39,0 1500 12 47.4 1750
i3 39,0 1000 13 48,8 1760
14 36,5 1500 14 48,0 1700
13 38,9 1500 15 47.5 1800
16 39.0 1400 16 50,0 1800
17 39,0 1500 17 50,0 1850
18 40, 0. 1500 18 49,5 1750
19 40,0 1000 19 49,4 1800
20 40,0 1500 20 49,0 1778
2% 39.5 1200 21 48,0 1750
22 38,5 1200 22 45,0 1500
a3 38,0 1250 23 46,7 1600
24 39,5 1350 24 49,3 1800
23 39,0 1450 25 46,0 18S0
26 40,0 1400 26 47,0 1580
7 40,5 1500 n 47.5 16580
28 38,0 1350 28 46.5 157%
29 37.5 1250 29 48,0 1725

30 38,0 1300 30 47.5 1750



APPENLI X « XIV

INII VIDUAL WORK OUTPUT IN TERMS OF AREA COVERED
(SORGHUM HARVESTI NG)

Anaemi¢g Bon Anaemie
No. overed m No,. Area covered in sg.m,
(Before Supple- ter Supplegen-
mentation tation
1 26,0 30,0 p 4 32,0
2 37.5 30,5 2 3%5.0
3 28,0 32.0 3 33.5
4 29.0 32.0 4 34.5
L 30,0 38.0 5 32,5
6 28,0 34,0 6 31,0
7 28,9 30,5 7 30,0
8 28,5 28.5 8 32.5
9 27,0 30,5 9 33,5
10 26,0 29,0 10 36.0
11 25.5 27,5 11 37.9
12 300 32.5 12 36,5
13 30,0 5.0 13 33.5
14 27.5 29,0 14 33,0
15 26,0 28,0 15 34.0
16 28,0 29,0 16 32.5
17 7.5 28,0 17 32,8
18 28,5 30,5 18 32.0
19 29.0 30, % 19 31,8
20 29,5 31.0 20 34.5
21 26,0 28,0 21 35,0
22 25.5 28,5 22 3%.0
a3 27.0 275 23 36,0
24 28,5 30,5 24 36.5
28 29,0 32,8 25 37,0
a6 30.0 32,0 26 34,0
1} 28,0 30,0 27 34.9
28 26,0 27.5 28 32,9
29 27.0 29,0 29 32,0

30 28,0 3.5 30 34.5



APPENIIX xdv
INIE VIDUAL WORK OUTPUT INTEMRS OF AREA COVERED WEELL NG

- G GD @ G S G WD TR PP G 4D G m e B W N G N G TR A G D B B W av WS W WP W@ e W @B e W =@

n
No. Area covered fn 8q.M. No., Area covered in sq.m,
Before Supplemen- After Supplemen-
tation tation .

, | 27.0 26,0 1 33.0
2 27.5 30.0 2 32.5
3 28,0 33.0 3 33.5
4 30,0 34.0 4 30,5
S 25.5 29,0 [ ] 35%.0
é 26,5 30,0 6 36.5
7 7.5 30,0 7 37,0
) 27.5 30,0 8 37.0
9 30,0 32.0 9 32.5
10 30,0 33.0 10 37.5
1% 28.5 30,0 11 38,0
12 29,0 33,0 12 33,0
13 29,5 32,5 13 34,0
14 26.5 28,0 14 3%,0
15 26,5 29,0 15 3% 0
16 26.0 28,0 16 35,0
17 28.5 29.0 17 32.5
18 27.5 29,5 18 31.0
19 28,5 30,5 19 30,5
20 27.5 30,5 20 33,0
21 28.0 30,0 21 32,8
22 25,0 28,0 22 33,0
23 26.0 26,0 23 32,5
a4 28,0 7,5 24 32.5
28 27,5 30,5 25 32,5
26 28,0 29,5 26 32.5
7 29,0 32,6 71 31,0
28 27.5 30.5 28 30,5
29 28,5 30,5 a9 34,5

30 28,0 32,0 30 36,0



APPENII X - XV

INEVIDUAL PULSE RATES DURKKG ERGOMETRY AT THE START OF
THE STUDY

ap oy B @k G S0 T Sp S T W W G A @ W W G > G5 @ o5 O G Ad 4D e o Gh G Su W A S0 D G W o W e =

No. 3rd Minuts 6th Minute 9th Mimute

- e e M T G av e WP G WD W S ™ G e ® @ m G G W G W W S G P TP W YR M e S W S A Y BN e @

Anaemi¢ Non Anaemi¢c Anaemic Non Anaemic Anaeni.c Non Anaemic

 Gp S» W W @ @ S b W WD W S B T W E T A W S T A G S W P WP W A O SO A SR Ah 4w G5 S0 A 8 -

1 98 83 105 94 115 104
2 100 88 111 99 120 109
3 108 76 117 99 124 109
4 105 75 115 88 124 93
s 102 88 118 162 124 111
6 100 es 113 94 120 104
7 88 88 ) 101 111 109
8 88 76 102 90 111 100
9 102 80 113 90 124 102
10 99 85 112 96 120 106
11 92 8s 102 96 115 106
12 95 74 105 85 120 95
13 98 75 108 84 120 93
14 100 77 109 88 117 93
15 101 78 109 a5 117 95
16 100 89 113 96 123 106
17 105 80 118 94 120 104
18 98 86 109 96 118 109
19 8 83 180 94 120 108
20 102 86 116 94 122 109
21 100 83 108 90 116 104
22 97 82 109 92 116 102
23 90 84 101 94 113 106
24 95 75 105 90 114 100
25 95 77 108 85 12 95
26 102 78 118 84 122 95
27 98 80 109 90 118 102
28 100 77 107 88 116 95
29 98 74 110 85 120 95
30 100 76 112 8s 120 95



APPENII X  XVI
I NII VI DUAL WORK OUTPUT INTERMS OF AREA COVERED
(COWPEA POD PICKING) AFTER SUPPLIMENTATION

P L I SN R R PR A I K R A R R R N
Numbe - Area covered Quantity of Pods

o B W GG MR W BN WP S RS> e e e

| 45,0 1600
2 47.0 1500
3 45,0 1300
4 43,0 1500
S 40,0 1400
] 43,0 1400
k] 41,0 1400
) 43,0 1600
9 43,0 1450
10 4,0 1200
11 40,0 1600
12 42,5 1600
13 39,5 1400
14 40,0 1550
15 40,5 1700
16 42,0 1500
17 40,0 1600
18 42,0 1550
19 42,0 1300
20 42,5 1500
21, 42,0 1400
22 39,5 1300
23 20,5 1300
24 40,5 1400
25 43.0 1650
26 48,5 1700
27 42,5 1650
28 40,5 1500
29 39,5 1400

30 40,5 1550



APPENIL X -XVI

INIIVIDUAL BLOOD PRESSURE OF THE WHILE STRAW HARVESTI NG
AFTER SUPPLEMENTATI ON

No. Before Activity After Activity
1 120/80 122/81
2 110/80 120/80
3 115/80 120/80
4 115/80 120/81
5 120/80 122/81
6 118/80 120/80
7 118/80 122/80
8 115/75 120/80
9 120/80 123/80

10 110/80 120/80

11 115/80 115/75

12 120/80 122/80

13 110/80 123/80

14 110/7S 115/80

15 110/80 120/81

16 115/80 120/80

17 120/80 122/81

18 115/78 120/80

19 115/80 120/81

20 115/80 120/80

21 115/80 120/80

22 115/80 120/80

23 115/80 122/80

24 118/80 120/80

25 118/80 120/80

26 115/80 120/80

27 120/80 122/80

28 115/80 120/80

29 120/80 121/80

30 120/80 122/80



APPENIE X s XVL

I NII VI DUAL BLOOD PRESSURE OF THE WHILE COCAPEA HAULMS CUTTI NG
&FTFR SUPPLEMENTATI OF

LK IR B B R R b A R B R R R R R IR B AR IR BB Y R

Noe Before Activity After Activity

PRI I TR WA N R W AR W L L TN NN A W R N

3 110/80 120/30
2 120/80 125/80
3 110/70 121/81
4 115/80 120/82
3 120/80 122/80
L4 110/70 120/80
7 120/80 122/82
8 118/80 122/81
: J 118/80 120/80
10 120/80 122/81
1 115/75% 123/81
12 120/80 122/81
13 120/80 124/80
14 120/80 124/82
15 120/75 124/80
16 118/70 120/80
17 117/80 123/80
18 115/80 120/80
19 120/80 120/80
20 110770 120/80
21 110/75 120/80
22 120/80 122/80
23 120/80 121/30
34 120/80 121/80
25 120/80 123/8v
26 115/75 122/80
n 115/80 121/8vV
28 120/80 122/80
29 120/80 122/80

30 115/75 122/80



APPENDI X = XVI

INDIVIDUAL BLOOD PRESSURE OF THE GOWNPRA POD PICKING
AFTER SUPPLEMENTATION

Boe _ Before Activity . After Activity

" Em G W W S W S SE W A AR SE S W A W A WS PR W W AR oW -

i 120/80 121/80
2 118/80 125/80 .
3 115/80 120/80
4 110/70 120/80
$ 115/81 120/83
s 120/75 123/80
9 110/75 120/80
8 117/80 120/80
9 120/75 124/81
10 110/75 120/80
11 110/70 120/80
12 115/80 120/81
13 110/78 123/80
14 115/80 123/81
15 120/80 122/81
16 120/82 120/90
17 118/80 122/80
i8 120/80 121/80
19 120/80 122/80
20 115/75 121/80
23 118/80 122/80
22 117/80 123/80
23 120/80 120/80
24 110/75 120/80
a8 120/80 122/80
26 110/75 120/80
F ¢ 120/50 120/80
28 118/80 121/80
29 120/80 121/80

30 118/60 122/80



APPENDL X » XVI

INDEVIDUAL BLOOD PRESSURE OF THE SORGHUM HARVESII NGO
AFTER SUPPLEMENTATI ON

Ro, Before Activity After Activity

W Wk G M W G A W AR G T ah U W A G AR D A S A R W W e W W W W

1 115/80 122/80
2 115/82 124/81
3 115/75 120/80
4 120/80 121/81
s 110/70 120/80
¢ 119/78 124/81
7 120/80 124/82
8 120/80 122/82 .
4 120/80 120/80
10 120/80 123/80
11 117/80 124/80
12 115/75 124/80
13 115/15 123/80
14 115/75 125/80
18 120/80 121/80
16 120/75 120/80
17 115/75 124/80
18 120/75 122/80
19 117/80 120/80
20 115/80 120/60
21 115/70 120/80
22 118/80 121/80
23 110/70 120/80
24 119/80 124/80
25 115/80 122/80
26 120/80 120/80
n 110/7S 115/80
28 120/80 120/80
29 120/80 123/80

30 120/80 122/80



APPENLI X% XVI

I NDIVIDUAL BLOOD PRESSURE Q@F THE WEEDING (HOEING)
AFTER SUPPLEMENTATI ON

LA N BE B SO 2 R R A B A IR B B R B NE A AR S A
Numbex Before Activity’ After Activity

adhalE B B A I IR AR R B R B B R I IR I

 § 120/80 123/80

2 115/81 121/80

3 120/75 123/80

4 120/80 122/82

$ 110/80 120/82

6 115/80 120/80

7 115/15 120/80

8 120/80 124/81

9 110/70 122/81

10 110/70 122/80
120/80 122/81

1 3 115/80 120/80
i3 120/80 124/80
14 120/75 122/80
15 . 115/75 120/80
1€, 4 117/75 122/80
17 121/80 ° 123/80
18 110/70 120/80
19 115/75 123/80
20 117/80 122/80
21 117/80 121/80
22 120780 122/80
23 ' 120/80 123/80
24 115/70 121/80
25 115/70 122/80
26 120/80 122/80
27 121/8C 122/80
28 120/80 122/80
29 115/75 120/80

30 120/80 121/80



APPENII X o XV.I:I.

IME VIDUAL PULSE RATES WHILE WORKING ON m STATIR EICYCLE
ERGOMETER AFTER SUPPLREMENTATI ON

- G e i G & W & S S W B W AR S G S W S P D WD G G G N N W W S S e s u

No, . 3rd Minute éth M nute oth Minute
1 8% " 108
2 80 91 108
3 84 95 107
4 80 20 102
s 80 92 100
6 80 o8 107
7 80 90 :eo
8 79 87
9 82 93 198
10 80 92 102
11 83 94 102
12 88 ] 97
13 80 90 N
14 80 4] 303
18 78 89 99
16 83 90 101
17 83 90 95
18 82 89 94
19 82 97 104
20 83 90 97
21 81 - 99 102
a2 82 88 95
23 80 92 100
24 80 88 98
25 80 87 29
28 84 a6 103
27 80 88 96
28 a3 5 | 100
29 84 93 102
30 81 96 99



