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I .  IMTRODUCTXOM

By the end of the doeado the developing countries' 
population will have lneroaoad from roughly throo quartora to 
four flftha of tba warIda’ total population aooordlng to tbo 
estimates of Hulao (1984). Tho population of India baa orooaad 
tbo lovol of 68 eroraa and la now awoiling at tbo rata of wall 
ovar 10 lakbs a month aa lndleatod by Agarval (1983)* Conaoquontly 
tbo par oaplta and poaalbly total food domand will lneraaao 
vltb largor youngar population. In addition to moating tho 
inoreasad food domand a it abould ba poaalblo for India to make a 
haadway in all otbor flalda. But malnutrition and 111-boaltb 
soon to bo tbo dobllltatlag factors in mooting with tbo various 
noada of our population. So tbora la an iianodi ata nood for 
good nutrition and good boaltb to aohlove sound man powor which 
la tba baala for tbo national development (Aujla at al.f 19 8 3).

Agarval (1 9 8 3 ) points out that doaplto soma growth of 
tbo aoonomy and ineraasa in tbo production of food articles* 
tbo food taken by moat of tho Indians la dofieiont in nutritive 
alaments and wbleb adversely affects tho welfare of tbo people 
aa also tbalr work offioionoy. Sadaslvan and Jobn (1979) warn 
that malnutrition loads to wastage of human rosourcea and 
reduction of this loaa would increase tbo soelal effectiveness 
of tbo population and contribute to economic development.

Spurr at al. (1983) state that poorly nourished populations 
bavc a lower work output and a lower working potential mainly 
duo to reduced loan body mass. Satbyanarayana at al. (1978)
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point out that both work capacity and work out-put arc influenced 
by the nutrient uptake and tie resulting nutritional statue of 
those who perfor* the work* Childhood Malnutrition *ay also 
affect the future capacity of individuals for work. It is 
generally believed that productivity among workers in developing 
countries is low* This has been attributed at least in part 
to their poor physique as a consequence of chronic malnutrition*
The attempts to Improve the nutritional status would thus not 
only be associated with better health but also with economic 
benefits in terns of increased productivity*

Physical work capacity can be defined as the potential 
of an individual to engage in activities involving nusole action* 
Suoh activities range fro* strenuous exorcise of short duration 
to slid exercise of long duration. Individual performance in 
acute strenuous exorcise loading to near exhaustion (naxlnum 
exorcise) depends mostly on cardie-respiratory reserve, oxygen 
delivery and metabolic adaptation (such as with physical training) 
(WHO, 1973)*

Iron deficiency anemia affects the physical oapaoity by 
reducing the availability of oxygen to the tissues which in turn 
affects cardiac output and the heart, eventually loading to 
death in severe eases (yijayalakshmi mt al., 19 8 3).

Nutrition Reviews (19 8 2) point out that among the nutritional 
deficiency diseases iron deficiency anemia is a major concern 
in many developing countries* sjolin (1981) points out that in 
developing countries the incidence of iron deficiency anemia is
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often extremely high eoiparwl with that la tha Industrial! sad 
part of tha warId. It baa boon estimated that tbara ara a total 
of 260 niIlian anemic women in tha dareloping world alone. Tha 
overall proportion of anomie woman is highest In Asia, Ooaanla, 
followed in desoendlng ardor by Africa and Latin America (Food 
and Nutrition Bulletin, 1979)*

In dove loped countries tha prevalenee of anemia' ranges 
from 7 to 20 par aant la non-pregnant women and upto 33 par sent 
la pregnant woman* Asstsalng consarvatirely that 10 per oant of 
tha nan-pregnant women and 3° par oant of tha pregnant women 
ara anomie, this would make an additional 3 1 million bringing tha 
world total (ontsida China) of anomie woman between 13 and 49 
years of ago to 291 mlUlan (Food and Nutrition Bulletin, 1979)*

Severe anemia is claimed to impair work capacity, 
learning ability and lanune funotions* Anemia also contributes 
significantly to the high rata of maternal mortality and 
narbidity and law birth weight in Infants (Nutrition Reviews, 
1982)* Finch at a 1. (19 8 3) through his studies had shown that 
there was a strong Inverse relationship between eeonomie 
development and prevalenee of iron deficiency*

Iren deficiency anemia is more prevalent among young 
women than la generally supposed and la bound to Interfere with 
health, preparation far pregnancy and work efficiency 
(Vljayalaksbad. et al*, 1 9 8 3). Finch e£ al. (1 9 8 3) opine that 
there is no question that a marked decrease la haemoglobin 
concentration reduces maximal work performance* Further studies
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of individuals ongagod in hard physical labour suggost that 
productivity and therefore income aro roduood in the prosoneo 
of iron deficiency*

VHO (1975) brings to tbo notioo of tbo public that a 
groat doal of ill-health sapping energy and productiveness in 
many countries and oausiag tragedies in obiId birth is duo to 
anemia vhiob reveals that urgent steps are needed to prevent 
and control anemia*

Cook et al. (198J1 ) have shown that nutritional iron 
deficiency is a major health problem in developing countries*
Tbo only proven way it can bo alleviated la to inoreaso iron 
Intake, oltbor by providing medicinal iron (supplementation) or 
by adding iron to tbo diet (fortification). Iron supplementation 
has tbo advantage of producing rapid obanges in iron status.
According to nutrition Reviews, 19&2 tbo incidence of anemia 
in rural communities of India was roduood by introduction of salt 
fortified witb iron* Vi Jay a laksbni tt al. (1 9 8 3) by tbeir studios 
bad proved that tbo haemoglobin level of anomie subjects rose 
significantly after iron supplementation* Wbieb resulted in an 
increased work capacity* Davidson at al. (197°) points out that 
the total cost of tbo medicinal iron therapy for anemia was loss 
tban tbe cost of the dietary supplement of iron rich foods for 
one day, wbile tbe swan or rise in haemoglobin level was 30 per cent.

Thus iron supplementation can be an effective way of 
combating anemia and helps in increasing tbo work output of 
population groups* This will Indirectly belp in increasing tbe 
gross national product (QNP).
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S t t y u m y a a a  et _al. (1984) state that a major proportion 
of rural population in developing 00untrios is known to earn 
their livelihood on astlTitles related to agriculture. Statistical 
data given by Chidambaram (I983-8I1 ) reveals that tbs peroontago 
of labourers engaged in agriculture is 28*9 per sent of the total 
workers of Tamil Nadu* as per Spurr et al. (19 8 3) la the loss 
developed areas of the world whore mechanization la at a minimum, 
human labour provides mush of the power for 000 no mis productivity*

Having those points in mind the present study was 
designed with the following aims,

1 * To find out the relationship between nutrition 
and work output with special roferenoo to iron 
deficiency among farm women doing specific 
activities*

2* To supplement the anomic subjects with suitable 
doses of iron in the form of ferrous sulphate 
and observe the impact of supplementation.

It is hoped that the results of the study will bo of 
interest to those involved la increasing the work capacity of 
population groups*



iteuteui of literature
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II. RSVXSV OF UTERATUR1

lb« m l w  of literature related to tbia study 'Anaala 
and work output' is dloeusood undor the following aub*bondinga.

1 . National development as related to tbo 
nutritional status

2. Prevalence of anemia
3* Anemia and work output
it. Inportaneo of iron supplementation and
5* Sffast of iron supplementation on work output

1. National development as related to tbo nutritional status

Devadas ejfc a 1. (1 9 8 1) observe that despite India's marvellous 
increase in food produetlon her nutrition problems continue to bo 
formidable. Malnutrition is still one of tbo orltloal issues 
dotoring national development.

Bswaran ot al. (1 9 7 6 ) and Luvang ot al. (1 9 B1 ) state that 
malnutrition is widely spread in developing eountrios and is tbo 
cause of obiId mortality, physical and mental retardation.
Aooordlng to Paris (19 6 6) adequate nutrition is an indispensable 
base for ooononio development. PAO (1976) warns that peer diet 
roduoos tbo working effleleney by increasing absenteeism, decreasing 
resistance to disease causing lethargy and lack of drive.

Belli (1971) has remarked that productivity doorcases when 
tbo workers do not oat enough.

latbau (1 9 7 6 ) reported that there la an obvious link 
between poor nutrition and productivity, sueb as lack of calories,
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poor physical and mental development aad aneala. Both work 
capacity and work output are Influenced by the nutrient Intake 
aad the nutritional statue of these who perform work, be they 
house wives, persons engaged in subsistence agriculture or wage 
earners in the labour force* There is no doubt that the sequelae 
of childhood malnutrition may also affeet the future capacity 
of individuals for work.

Mohan Ram (19 8 2) opined that nutrition research has 
brought to light several effoots of malnutrition on human health* 
One aspect of fur reaching soolo-eeonomio implications is the 
effect of chronic malnutrition in early life on the physical 
stature and working capacity of individuals*

Under nutrition prevailing in specific social olasses 
in some urban areas and some ever populated rural regions ef 
the developing nations retard their work capacity and economic 
growth (Edmuxvdson, 1979) •

food and Nutrition Bulletin (1979) quoted that malnutrition 
reduces the present and future potential of human beings by its 
offsets on the physical and mental developsMnt of children and 
the working capacity of adults aad it contributes substantially to 
the perpetuation of the hardships and misery they face*

Miller (1983) opined that the malnutrition survivors
a r<*(children) are at risk of school failure eventually are most•A

likely to become 'school dropout'* This affects not only their 
oapaoity to learn, but specially to earn money and be productive 
in society*
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A study conducted by Satyanarayana at al. (1977) on 57 
■ala industrial workers engaged in tha produotlon of datonator 
fuaas revealed that body weight, baight and laan body mass vara 
signifioantly correlated. Corralation ooaffieiant baing as bigh 
as 0.72 (P 0.001) vltb vork output, lbs total dally output was 
signifioantly blgbar (P 0.01) in tboso with bigbar body vslgbt 
and loan body walgbt. It was also absorrad that tba rata of vork 
inoraasad after tba provision of a meal. Satbyanarayana at al. 
(1979) through bis anotbsr study an 96 rural Hyderabad boys agad 
batwoan 14 and 17 yaars of ago provad that impaired work 
affloiaaey in undar nourisbad adolasoant boys was parbaps tba 
result of currant undar nutrition. Thus, wa oould saa that tba 
dsvslspment of a nation will be sarlously bamparad by tba poor 
nutritional status of its people. Among tha defiaianey conditions, 
anamia is vary eoimiion wbiob is disoussad in tba subsaquant beading.

2• Prevalence of anamia

Saubsrlloh (197$) oonsidarad a Hb level lass than 12 g/lOO ml 
of blood as deficient in tba ease of males above 16 yaars while 
Hb values lass tban 10 g/lOO ml as deficient in case of females 
above 16 years.

According to WHO (1975) haemoglobin concentration of lass 
tban 13 g/ 1 00 ml of blood la non-pregnant woman of child bearing 
age is likely to indicate anemia.

Pood and Nutrition Bulletin (1979) cited that in developed 
countries tba prevalence of anemia ranges from 7 to 20 par cant in 
non-pregnant women and upto 33 per cant in pregnant women. Assuming
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conservatively that 10 per cent of the non-pregnant w o m b  and 
3 0 per eent of tbe pregnant women are anomie this would make an 
additional 31 nilliea bringing tbe world total (outside Cbina) 
of anenio women between 15 and k9 years of age to 291 million.

Cook et al. (19 8O) stated that iron deficiency anemia 
affects 10*20 per eent of tbe world's population and Das *t V )  If 
(19 8 0) bad reported that 15 per cent of eellege students are 
anemic in tbe United States of Anodea.

According to He reberg at al. (1981) nutritional anemia 
is estimated to affect 300 million to one billion people world wide, 
or around 10-20 per cent of tbo population. Xn Africa between 
15 per eent and 60 per cent of children are affected. Rates are 
as blgb as 80-90 per eent for pregnant women in areas of India, 
Bangladesh and Pakistan. Levels of infant anemia in Soutb America 
are estimated to range from 15 to 50 per eent. Frey (1978) pointed 
out that iron deficiency anemia is tbe commonest in all parts 
of tbe country. Even in developed countries like Britain, iron 
deficiency forms 92 per cent of tbo total anemias (Including all 
types of anemia in female population).

Highest prevalence rates for preschool children were 
reported in tbe middle Caleas Islands (6 8 .7 per cent) with il 
per eent and 1(2.7 per cent respectively in Guyana and Cayman Islands. 
Xn Jamaica per cent of infants of one year old were affected.
Tbe highest percentage among school aged children was also found 
in tbo middle Caleas Islands, high levels were also observed 
among agricultural and road construction workers.
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For tbla ago group In aronada 65 por cent and Guyana k 1 
par oont and 37 por oont in two studios * while tbs prevalence 
noted in Barbados was 9*3 per sent* Highest rates for pregnant 
fonales wore found In Montsoerat 100 per oont while the lowest 
was 22*2 per oont In Saint Lucia. Saint Luola, however bad the 
highest levels among adult men ^6 .3  per cent* The highest rate 
among non-pregnant, non-lactaking females was per oont in 
Grenada with the lowest 19 por eont In Barbados (Simmons ot al., 
1982). Baber (1978) stated that the incidence of anemia has been 
reported to vary from 10 to over 5° P*r cent and three fourth 
of the eases have been prescribed to Iron deficiency even in 
developed countries,

SJolin (1981) pointed out that prevalence of anemia In 
Btblopia among the age group of 10-16 years was 35 P*r cent
(urban) and 69 per cent (rural). In U.S.A. In the ease of male
aged 13-16 years the prevalence was 4*5 per cent (black) and 
1,5 per cent (white) of low income and 0*5 per cent (black) and
0.2 per cent (white) of high Income whereas In the case of
females of 13-16 years it was 12*5 (black) and 3*6 (white) of 
lew Income and 7*^ per cent (black) 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 Industrallaed part of the world. Anemia thus ranks 
as one of the most serious maladies affecting mankind all 
ever world.

j
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3* Aataia and work output

Basta (1978) peintod ant that *ba ralationablp between 
productlrity and anaala was bath stronger and mere relevant to 
actual conditions of endurance snob as tha Harvard stap tast as 
traad mill tests* Among sugarcane euttars tbera axistad a diraot 
relationabip between baemoglobin concentration (ar) packed call 
volume and scores on tbs Harvard stap tast vbiob assured cardie 
respiratory reserve with near maximum exerolse (Vitori and 
To run, 1973)*

Iron deficiency anemia affects tba physical verb capacity 
by reducing tha availability of oxygon to tha tissues which in 
turn affects the cardiac output and tha heart eventually leading 
to death in severe cases ( Vi jayalakahni at al«, 1983)* Basta 
(1977) and FAO (1977) reveal that World Bank has identified iron 
deficiency anemia among tha possible factors limiting work output 
and physical capacity of mala agricultural and read construction 
workers under tropical conditions*

Oopalan (1975) reported that studies an agricultural 
labourers had shown that using an acuta severe exerolse vbloh 
measures oardiopulmonary reserves* differences in maximal physical 
efficiency can be demonstrated* even when the anemia is of a mild 
or moderate degree* Such findings have been reported among road 
construction workers and workers in rubber plantations* The 
changes due to anemia seen te have been corrected by raising the 
Hb level* according te reliable observations*
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WHO (1975) pointed ant that n grant deal of ill boa It b 
sapping onorgy and preduotioonoss in nany countries and eausing 
tragedies in obiId birtb van duo to anemia. Anaala is a major 
complication of pregnaney in doroloping countrios.as per 
Bswaran at al. (19 8 I) and is believed to bo a contributing faster 
in tbo inerbased inoidonoo of genitourinary infectionsf still 
birtbs, pronature births and ip tbo reduction of birtb weight 
of tbo infant*

Balasubramanian (1975) pointed out that apart fron eausing 
a largo number of deaths among pregnant women' anemia debilitates 
tbo farm and industrial workers' offsets tbolr working oapaoity 
and reduces tbolr work output*

Nutrition Reviews (1980) state that adolescent boys vbo 
were under nourshied during childhood bad impaired work efficiency. 
Anemia interferes with tbo sense of well being of the individual 
and reduces productivity and work oapaoity' it aggravates many 
other disorders' it contributes to the overall mortality asseelated 
with malnutrition (Pood and Nutrition Bulletin' 1979)*

Rao (19 8 I) stated that available evidence indicated that 
both severe and mild forms of Iren deficiency are associated with 
several deleterious effects in man* Zn children it may impair 
Immune eosq>etenee and reduce resistance to Infection and banco 
increase morbidity. In pregnaney severe anemia is known to be 
associated with increased risk of premature delivery and increased 
maternal and fatal morbidity and mortality.

According to Lakbanpal (1978) iron deficiency is a 
nutritional disorder wbere the mean oarpuseular haemoglobin
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concentration falls belov ttaa aooaptad normal level which is 
da sort bad as hypochromic anemia. tbs Iron deficiency anemia is 
obaraotarlsad by daoraasad sisa of rod cells* reduoad sorua 
iron and doeroasod haemoglobin eonoontration*

Importance of. Iron supplementation

Hallberg £t al. (I98J1 ) oplnad that tboro is a high 
prevalence of iron doflolonoy anemia In most developing countries. 
Anemia bas $■ negative effeets en health and veil being* It is 
important to find effective and realistic methods te counteract 
the iron dofieieney*

Bothvo 11 e_t al. (1 9 8 1) suggested that severe anemia during 
pregnancy could be prevented by either iron supplementation or 
by food fortification*

Costa et al* (1984) and Rao (1981) pointed out tbat 
habitual diets consumed in certain parts of America and India is 
quite lov and at this low level of absorption* maintenance or 
iron balance is not possible in a large proportion of population 
respectively. Ibis necessitates the supplementation of iron 
la tbolr diets*

An open ended questionalre administered to the vomen 
shoved that those receiving iron reported an improvement in 
appetite* a sense of veil being and decrease in tiredness and 
palpitation. The supervisors also noted a marked behavioural 
alteration sueb as cheerfulness and laok of Irritability la those 
receiving iron (Bahamathullah* 1 9 8 3)*
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R>« (1 9 8 1) pointed oat that two main approaches for the 
control and prevention of Iron deficiency anemia aro 
(1 ) improvement of babltual dlot to enhance Iron availability - 
an approach which waa not practicable in nany population groups, 
(ii) direct intervention with additional iron supplementation 
of iron and folato in tablota or other auitablo foraa and 
fortification where a haematinic la added to one of the artlolea 
of diet*

5 . affect of iron supplementation on worfc output

Basta (1978) abowed that supplementation with iron and 
a positive haemoglobin roaponao reversed tbo earlier findInga* 
and control groupa maintained their lover productivity level*

Xswaran ot al. (1981) carried out a atudy on 80 expectant 
mothora in tha lover socio-eoonomic atatua attending two Municipal 
Maternity Centrea in Coimbatore where Modified Speolal Nutrition 
Programe (MSNP) and iron and folio acid aupplamentation wore in 
operation* the roaulta ahoved that the nutritional atatua of 
the expectant mothers improved with a combined aupplamentation 
of iron, folic acid* Bulgar vhoat/Balabar and a a lad oil* By 
1  approving the mother1 a nutritional atatua * the condition of the 
now bora also could ba improved to aoma extent aa indicated by 
the anthropometric measurementa*

In a atudy conducted by Latham (1978) la Parnaaaua estate 
where supplementation waa provided in the second half of the 
season there was a significant effect on weight for height on



15

productlvity both bofore and after supplementation* The cutters 
whose weight/height was below 85 per oeut out significantly 
less sugarcane than these whose weigbt/height was above 95 per eent. 
This significant relationship remained when factors such as 
age, weightt height and skinfold thickness were controlled*

According to the Annual Report of ION (1978) a group of 
children receiving a dally supplementation ef Iron (20 mg) and 
folio aeld ( 10 0 meg) tablets showed significant ineroase In mean 
haemoglobin levels than that of the control group*

As per Tear Book of Zndla (1983) a prophylatic programme 
to prevent nutritional anemia among women and children, included 
the distribution of Iron and folic acid tablets through health 
centres* This programme covered 2»k erere mothers and ohiIdren 
annually.

Bahamathullah (19 8 3) pointed out that of the total 228  

women (employed in Halabar-Vynaad) studied 5 3 had Kb level of 
5 gms or less at the beginning of the study. The average Hb 
levels and mean body weight of the women were 6*1 gm and b8*1 kg 
respectively* The experiment consisted ef feeding the anemic 
Individuals with iron tablets accompanied by devormlng treatment*
At the end of the study a remarkable Increase In Hb level and 
an Improvement in their body weight was observed* They also 
showed a marked Improvement In work performance as well as In 
the number of days worked •

The study on work efficiency conducted on 100 adolesoent 
boys with an aid of ergometer revealed that boys who were heavier
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and without any excess fat with normal body weight for their 
age were able to do more work when compared to their counterparts 
who were lighter and leas well nourished* Due to the difference 
in total weight, the work capacity of Americans and Indians at 
the same age was different* Our boys lagged behind American 
boys because of lower weight (Nutrition, 1982).

Herts et al. (19 8**) stated that iron deficiency la a world 
wide problem affecting women of child bearing age and children*
It affects the rich and the poor alike and in contrast to other 
trace elements, knows no geographic boundries•

Spurr ejfc al. (1977) conducted a study on k6 sugarcane 
cutters of 18-3** ysars ef age* The V02 max- and dally 
product!rity bad beon measured in **6 sugarcane cutters* A 
multiple regression analysis demonstrated that productivity was 
simultaneously related to VO^ max height and body fat (r ■ 0 .6 8 5,
P 0*001). The multiple regression equation west productivity 
(tons/day) ■ 0 .8 1 V02 max - 0 .1 ** per oent fat ♦ 0 .0 3 height - 1 *9 6* 
The data indicated that productivity was affected indirectly by 
nutritional status through the Influence of the latter on height, 
fat content and V02 max.

Baste (1977) pointed out that Iren deficiency anemia 
Increases the mortality rate of women and decreases the learning 
ability ef children* Basta's (1977) study on 571 road 
construction workers between 18 and 39 years of age showed that 
moderate to severe anemia (haemoglobin below 11*1 g/lOO ml, 
baemotoerlt of 33 per cent and below) was present in about 20
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per cent of the nt n L e  sample, was closely ssssslatsd with pear 
parfarmaaas la the Harvard step test* Their performance increased 
after Iran supplementation*

Another study carried avt by Basta (1977) an rubber 
plantation workers in Jaws shewed that tappers classified as 
anemic an the basis af WHO warns collected about 19 par cant 
less latex (corrected for age and type af tree) tban non-anemic 
workers* An intervention programs was than carried out for six 
weeks* This consisted af supplying 300 rubber tappers, divided 
equally into two groups af anead.es and non*anemiea with ana af 
two treatments! (a) 100 af elemental Iran (in the fora af 
ferrous sulphate) and (b) a saccharine placebo* After six weeks, 
work output measurements shewed that the previously aneale 
tappers ware ooHeating Just as much latex as nan*anemic ones* 
the haeaoglebin levels af the aneale subjects wars also improved*

The study carried out by Basta (1977) •« 200 read 
construction workers in Northern Uttar Fradosb revealed that the 
work output of ana af the two papulations studied was also 
correlated with Hb levels* In bath populations there wars close 
relationship between work output and dietary Iran and folate 
intake and height, weight and a m  circumference•



Experimental procedure
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III. SZPKRXMEJIIAL PROCEDURE

Tba experimental procedure pertaining to this study on 
'Anemia and work output' la dlaeuaaod uudor tbo following hoodInga.

1. Solootion of tbo aroa
2. So loot ion of tbo subjects
3. Assoaslng tbo nutritional statua of tbo subjoets

a. Conducting food welghment survey
b. Recording heights and weights
e* Carrying out bloobonioal estimations 

1 * Estimation of haemoglobin 
11* Estimation of serum iron 

ill. Estimation of total iron binding oapaelty (Use) 
lv. Estimation of packed noil volume (PGV)

d. Assessment of the elinloal status 
k. Rooordlng pulse rate and blood pressure of tbo 

subjoets
3* Dotermination of basal metabolic rate (BMR)
6 * Determination of vital oapaelty 
7* Rooordlng tbo pulso rates while working on a 

static bleyelo ergemeter
8. Determination of work efficiency of the subjoets 

for specific activities 
9* Supplementation witb iron tablets 
10. Evaluating the work output after supplementation

1. Solection of the aroa
Tamil Xadu Agricultural University Farm was e bos on as tbo 

place for oonduetlng the research work. Tbo place was chosen for
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Iti N A r n t H  and ttaa oo-operation aztandad by tha autharities 
and farm workers.

2. 3alaction of tha subjects

Thirty adult women who vara anemic as Judged by haemoglobin 
larala formed the exportmental group ami 3 ° adult woman whose 
haemoglobin larala ware satisfactory (above 1 0 .5  g/ 1 0 0  ml of 
blood) formed tha control group.

3» Assessing tha nutritional status »«bjaftta
a. Conducting food welshment surrey

On the basis of experience gained in nutrition surreys 
conducted in more than twenty countries by the Interdepartmental 
Committee on Nutrition for National Defends (ICNND) it is 
apparent that a combined approach including physloal, biochemical 
and dietary assessments give more meaningful Information than 
any one approach taken separately.

A diet surrey (one day weighment surrey) on a sub-sample 
of 1 0  subjects who were anemic and 10 subjeets who were non-anemic 
was done.

The inrestigatfoflLrislted the houses of the subjoots and 
weighed all the raw food items before cooking. The weight of 
the cooked items were noted down after eooklng. After this the 
subjeets were asked to consume the weighed amount of food.
After they had finlshedt the quantity of food loft unconsumed 
was weighed and this was substrated from the cooked weight of 
the food giren to her. From the abore data, the quantity of
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cooked food oonauMd by the Individual was obtained* Fros tba 
cooked food consumed tbo raw ingredients usod wars calculated, 
and tba nutrlants avallabia from tba dlat par day was ealoulatad 
using tba 'JIutritive Value of Indian Poods' (Oopalan et al., 1982).

b. Recording heights and weights

Tba pattam of growth and tba pbyaioal state of tba body, 
though ganatloally determined, are profoundly influanoad by dlat 
and nutrition* Hanoa anthropometrio measurements ara a usaful 
erltaria for assassing tba nutritional status (Swamlnatban, 197^)* 
lb arefora heighta and weights ware recorded for all tba aubjeots.

Tba height was ■assured using a fibre glass tape fixed to 
tba wall. Tba subjects ware asked to stand araet and upright 
on a firo level floor barefooted against tba tape wltb lags 
parallel and arias banging freely at tba sides* a  wooden soala 
was placed gently on tba bead perpendicular to tba wall and the 
height was measured from tbo tapo nearest to 0 . 1 om.

Tba weights ware taken preferably in tba morning after 
bowel movement and before breakfast* The aubjeots wore wearing 
light clothing• lba weights ware measured on platform type beam 
balance capable of reading upto 0 .1 kg*

o. Carrying out biochemical estimations 
i* Estimation of haemoglobin

Sobaefer (19 6 6) opines that bioobemioal findings are 
extremely valuable in assessing sub-optimal nutrition where 
physical symptomatology oannot bo recognised* Haemoglobin levels
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are parbapa tba baat singla biochemical Index of tba ganaral 
state of boaltb of a population and tbo finding of a blgb 
lneidoneo of anemia In a population la a oauao to auapoet Iron 
defloleney vbatoTor bo Ita source*

A flngar priok vaa made wltb a atarlllaod naodlo and 
0*02 ml of blood waa eollaetad with tbo bolp of a uloro pipotto 
taking earo not to allow any air bubbla to antor Into tbo 
pipette* Tba oollaotod blood waa blown out Into a laballad 
flltor papar. Tba eonoantratlon of haemoglobin waa estimated 
aftor dilution of tbo blood aauplo In a aolutlon that converts 
haemoglobin to eyanmetbaemoglobln wbleb waa tbon quantified 
apoetro-pbotone tr ieally ualng tbo net bod of Croaaby ajfc al. (193**) • 
Tba values arrived at wore compared wltb tboae of Sauborliob 
(1976) and all tboaa below tbo range of 10 g/lOO ml wore termed 
anomie In oaao of adult woman* Tbo procedure for tbo estimation 
of haemoglobin la given In Appendix I*

11* Estimation of aorum Iron

Pear a on (19 6 6) points out that tbo earlier atagoa of Iron 
depletion In the body might bo dotaotod fay determination of serum 
iron levels and total Iron binding oapaolty (TZBC).

Five ml of venous blood was oollaotod and centrifuged for 
aorum separation after tba addition of potassium oxalates* Tbo

aorum was used for estimating aorum Iron by tba
Dlprldyl method of Parley (1969)* Tbo procedure for estimation 
of aorum Iron la given In Appendix II*
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i n .  ti«a mt tota l i f B  hfrtlni Mimairr ('"TTft
M«ra«i (1966) warn* tbit looraaaad Iron binding oapaolty 

Is « obarestsrlstlo of unooaplloatod Iron doflolaoey* Saruo was 
ofetaload from tfea vooous blood oollootod f roo tho subjoota*
Total Iron blading aapaolty of tfeoao aoruo aa^laa worn ostloatod 
by tbs Raosay's Dlpyrldyl ostbod (1969)* Tba proaoduro for 
astlaatloo of total iron blading aapaolty la glvoa la Appondla XXX*

la

Paokad soil voliaas was dotaroload by osans of a opoolally 
dowlsad oantrlfugo tuba known aa bonatoorlt* Two ail of blood 
rsadarod aon-ooagulafela* la drawn lata a graduatad oaplllary tabs, 
plaood la a ooatritiga and ravolvod at a apaod of 3000 rpa far 
30 wlautos* At tba and of tblo tins tba original blood will bo 
found to bars aaparatod lata a slaar oolorlaaa saloon of plaana 
and a rod saloon sf eorpusslos* Tba laagtbs of tbs two osluona 
aro road off by osana of tba graduations an tba tuba* Tba laagtb 
sf tbs rod eoluaa glass tba paokad sail vsluos (dost and Taylor* 
1961)•

«*• tim aa
Psarsoa (1966) otatoa that ollalsal oxaolnatloa lo tbo 

00at ossontlal part of tbo nutritional survoys* slaoo tbs ultloats 
sbjootlvo la to aosoas lawsla of boaltb of Individuals aad 
population groups aa Influanood by tbs dlst tboy oonauaa*

Nauseous signs aad syaptooa of dlstary dsflslsnolss bars 
baoa slaaslflsd by sovoral Individual solsatlsts or sxpsrt
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committees. Among those signs and symptoms of dietary
dsflolsnolss a fsw important oaos have boon used as tbs eritsrla
for asssssing the ellnleal status of tbs subjsots.

Recording pulse rats and blood pro a sura of tho subjects

Among tbs tbroo prlnoipal attrlbutss of tbs elreulation, 
blood pressure* blood flow and blood t o Iu m , tho blood pressure 
Is tbs most easily dotorained and recorded (Best and Taylor* 
1970).

Tbs pulse rate and blood pressure of tbo subjects before 
and after different aotlvltlea were also recorded*

Korotkoff (1905) introduced a conrenieat method by which 
tbe systolic and diastolic pressures could be ascertained only 
through listening to a sound* In tbls method commonly tho 
pressure of tbe braoblal artery is measured. The Instrument 
used is known as spbygaoaanoaetor*

Auscultatory methodi Tbo Instrument is kept at tbo loyal 
of tbo boart and tbo euff is tied round tbo upper arm. Pressure 
is raised to 200 mm of Hg and then gradually released* Variations 
of sounds are board with a stethoscope placing its chest piece 
on tbo braebial artery* a little below tbe cuff* Tbo sounds 
are board duo to occurrence of turbulence in the flow of blood 
tbreugb tbo narrowed blood weasels when tbo manonetrio pressure 
Just coincides with tbo systolic blood pressure*

Due to giving air pressure in the cuff* tbo vessel is 
pressed and blood flew is obliterated* But while releasing tbo
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air praaaura gradually, blood Just baglns to flow through tho 
narrowod blood Toaaols and tho pattern of flow la Changed from 
atroaalino flow (silent) to turbulent flow (noisy) when the 
preaaure is further released, normal streaaline flow sets in 
and the sound is no longer beard* At this point aanoaetrio 
pressure oolnoldes with the diastolic pressure* So, as tho 
pressure is released the following variations of sounds are 
heardt First phase - sudden appearance of a clear tapping sound* 
This indicates systolic pressure* It persists while the 
pressure falls through 15 am of Hg* Second pjoaoe - the tAp^

papsAsLto while the pressure flaUs through 15. aa of Jig* Second 
phase - the tap sound is replaoed by a auraur persisting for 
another 15 aa of Hg* Third phase - tho auraur is replaced by 
a clear loud gong sound lasting for the next 20 aa of Hi*
Fourth phase - the loud sound suddenly becoaes auffled and 
rapidly begins to fade* This point indicates diastolic pressure* 
Fifth phase • absence of all sounds.

5• Deteraination of basal aetabolic rate of the subjects (HHR)

Indirect caloriaetryi Due to ooaplioatlons involved in 
direct calorlaetry, heat output is calculated indirectly froa 
Og oonsuaption and COg output*

The Benedict Roth apparatus is very useful, as the heat 
production ean be oaloulated in this type of apparatus, by the 
oxygen oonsuiqptlon only, without deteraination of COg elimination* 
The subject is allowed to breath froa Og reservoir through a 
aouthpleoe, the nose being clipped* The COg eliminated in 
expiration is absorbed by soda ilae to keep the Og reservoir pure*
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The fall la the laral of 02 during the experiment Is rocorded 
which glwes the v a l M  of 02 conetssptlon at tho specified time, 
la this method, respiratory quotloat of tho subject Is aot 
determined.

After normal ealorlos per hour aad actual tost ealorlos 
per hour had booa determined tho smaller figure Is substraetod 
from tho larger figure, thoa divided tbo difference always by 
tbo aoraal. Thus obtained doolaal fraction whoa multiplied by 
100 gives tho Basal Metabolic Rato In per cent.

6. Determination of vital capacity of tbo subjects

Vital capacity Is tbo maximal amount of gas that can ba 
expelled from tbo lungs following a maximal Inspiration (Bast 
and Taylor, 197°)• It oan bo measured by an Instrument called 
Benedict's Roth Spirometer. The vital oapaelty of a subject 
Indicates his respiratory efficiency• In anaemic Individuals 
vital capacity will bo generally affected therefore tbo vital 
capacity of tbo selected Individuals was also carried out In 
our study, (hie end of the short rubber tubing which comes with 
the apparatus Is connected to the open end of the two-way valve 
and the vital oapaolty mouth piece Is Inserted Into the ether 
end. The spirometer bell Is down at the lowest point. The 
subjeot In the standing position, having taken a full breath, 
filling the lungs to tbo utmost, eleared off the nostrils with 
the thumb and fere finger and was requested to exhale Into the 
apparatus, lbs pea 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 tbo straight lino gives tbo 
vital capacity.

7 * Rooordina tbo pnlao rates while working on a 
static bioycle ergo— tar

It is a modifled bicycle spoolally constructed for 
carrying out standardised work whose wheel is rotated by 
pedalling wltbout tbo aetual progress of tbo bloyelo in wblob 
tbo aaounts of mechanioal work per unit of tins are registered. 
Pulse rates of tbo subjects wore Monitored while they wore 
cycling at a speed of 5 5 -6 0  revolutions per minute against the 
aaounts of resistance in tbo sitting position on a static 
bicycle. Tbo duration of tbo experiment was nine ainutos. Tbo 
pulse rates were monitored at third, sixth and nlntb minute.

8 . Determination of work efficiency of the subjects for 
specifio activities

Both anomie and non-anomie groups of volunteers wore 
requested to do tbo following activities, namely straw harvesting, 
oowpoa haulms cutting, oovpea pod picking, sorghum harvesting 
and weeding, tor 30 minutes and tbo area covered by them were 
measured using a measuring tape. The amount of oowpoa pods picked 
by each Individual was weighed and given in terms of grams.

9- pMBElftMgntaUffq If**

All tbo 30 anemic women in tbo e&rlmental group wore 
supplemented with ferrous sulphate tablets of 12 0  mg per day 
for 90 days. The non-anomie volunteers were given a plaeobo 
tablet to avoid difforenolation.
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10. Evaluatlna the work output afteg. jiipplimohtn *1 HI

After supplementing the volunteers with Iren tablet* for 
90 days the work output woo again evaluated baaed on the area 
00 t o  rod within 30 minutes while doing the following activities 
namely, straw harvesting, oowpoa haulms nutting, oewpea pod 
pinking, sorghum harvesting and wooding and compared with the 
earlier values.

The obanges in blood pressure and pulse rates were also 
determined for the same activities after supplementation. The 
haemoglobin, serum iron, total iron binding capacity and packed 
cell volume wore ostlnatod after iron supplementation and was 
comp a rod with the initial values. Similarly t ho basal metabolic 
rate and vital capacity wore also compered.



Results and Biscussipn
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IT. KB SUITS AMD DISCUSSION

The results and discussion pertaining ts tills study sa 
•Aaeala and work output* art dlsoussod under the following 
Mendings.

1 . nutritional status of the subjects at the start 
ef the study
a. Moan feed and nutrient intake 
h. Moan heights and weights
e. Moan haeaoglebln lewsla
d. Moan serun Iren and TXBC loro Is
e. Moan paekod sell velune
f. Clinieal piatare

2. Pulse rate and bleed pressure ef the subjects 
3* Basal notabslie rate and vital capacity ef the

subjects
4. York output during specifie activities 
5* Pulse rates of the subjects while working on a 

static bloyole ergo mo tor 
6. Xupaet of iron supplementation on the anenic 

subjects

»• nutritional status ef the subjects at the start ef the study 
a. Moon feed and nutrient Intake

Table X gives the m a n  feed intake ef the subjects 
participating in the study.
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TABLE I

MBAN FOOD INTAKE OF THE SUBJECTS

XCMR
recommended # 

allowances(g) 
(198*)

Food intake
Food stuffa (g) Anomie

group
(s)

Non-anomie
group
(«)

Oereala 330 *30 *33
Pulaee 33 20 26

Oreen leafy vegetables 123 18 33
Other vegetables 73 19 2 1

Roots and tubers 73 28 19
Fruits 30 0 9
Milk 10 0 10 19
Fats and oil lio 9 8

Sugar and jaggery 30 22 19
Hen-vegetarian item 30 0 10

Egg* 30 0 0

• •• allowances ara for moderate activity

Ttaa mean food intake of both the groups was inadequate 
with roforoaoo to all tbo food* with tbo only exception of 
cereals, where tbo intake was much higher than tbo recommended 
allowances. Hovavar, non-anemia women appeared te consume more 
ef green leafy wagetables when compared te their oonnterparts in 
the anomie group vhieh probably would bare influenced a better 
haemoglobin level among tbeoo subjects.
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Mean nutrient intake

TABLE IX

MEAN MUTBIEMT INTAKE OF THE SUBJECTS

Table II brings eat tbe mean nutrient intake of tbe

subjects.

XCMR
reoomaendeg
allowances*

(1984)

Feed intake
Nutrients Anomie

group
Nbn-anemic

group

Proteins (g) 45 38 42
Energy (K eal) 2200 1600 1808

Calcium (mg) 4 0 0 -5 0 0 358 453
Iren (mg) 30 *3 25
Retinal (meg) 730 156 434
Thiamine (mg) 1 . 1 1.3 1.4
Riboflavin (mg) 1 .2 0.44 0 .5 2

Ascorbic a d d  (mg) 50 2 1 95

* •• allowances are for moderate activity

Tbe mean nutrient Intake of tbe anemic women was inadequate 
wltb respect te all tbe nutrients except thiamine. Tbe mean 
nutrient intake of tbe non-anomie women was inadequate wltb 
respect te proteins* energy, iron,retinal and riboflavin whereas 
it was adequate wltb respect to oaloium, thiamine and ascorbic add.

Though tbe mean intake of iron was lew in both anemic and 
non-anomie women* tbe bio availability of Iren among non-anemia 
women migbt have been better since tbelr mean intake of
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ascorbic acid vai high. Dietary ascorbic acid influences the 
absorption of iron aooording to Kranso (1979)*

Individual data of food and nutrient intakes are given 
in Appendix IV*

b* Mean heights and weights

In Table III we oan see the anthropometric data of both 
tbe groups*

TABUS H I

MXAM HBISHTS AMD VHOMTS

Details Anomie
*-30

Mon*anomie
M-30

Mean height in em 151*27 ♦ 5*071 151*03 ♦ 4.93
*t» value 0 .2 1*

Mean weight in kg 41.6 ± 3*57 42.6 *  3 * 18

’ t' value 1 .1 1 *

* .* Mot slgnifleant

All the subjects were seleeted in sueb a way that they 
were in tbe age group of 25*40 years* The mean height of tbe 
anemia women was 1 5 1 * 2 7 em as against 15 1* 0 3 em roeordad by 
the non-anemia women*

Tbe mean weight of tbe anemia women was 41*6 kg against 
42*6 kg of non-anemia woman* Tbe mean weights of both anemia 
and non-anemia women were less tbaa 45 kg, the weight of an 
average Indian woman, suggested by ICMR (1984).
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Statistical analysis of tbs heights and weights rewealed 
that the differences in heights and weights between anaale and 
non-anstale women were not statistically significant* Xt is 
essential to keep the variations minimum in a study like this, 
sines the differences in anthropometric measurements may influence 
the work output and energy expenditure* Therefore subjects for 
the study were chosen with differences in heights and weights 
being statistically insignificant*

Individual heights and weights are appended in Appendix V.

c. HMfl bae^pg.3ro>4 q levels

Table ZY gives the mean haemoglobin levels of the subjects 
at the beginning of the investigation*

TABUS IY

MEAN HAEMOGLOBIN 1EYELS OF TUB StftBIBGTS

Groups M
Mean

haemoglobin
(g/ 1 0 0  ml)

•t' value

Anemic 30 9.* ±  0*392
Mon-anemic 30 13 * 0 + 0 .2 8 2 40.8A**
Sauberlieb (1976) 10 .0 0

* •• Significant at one per cent level

The anemic women bad registered a mean value of 9*A g/lOO ml 
which was low when compared to 10  g/ 1 0 0  ml suggested by 
Sauberlieb (1976)* The mean haemoglobin values ef the non-anemlc 
women were above 10 g/lOO ml confirming that they were non-anemia.
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Statistical analyst# between the values registered by 
tba aneale and non-aaataio woaen revealed that tba n l m >  vara 
significant atatlatloally at ona par eant level. It was lnportant 
ta ohoaaa sueh aubjeots with algnlfleantly tftfferent values ao 
that it would ba poaaibla ta attributa tba difference# in tba 
aotlvltiea, to tba dlffereneea in tba baeaoglobln level.

Individual baaaoglobln value a ara given la Appendix VI.

d. Ijaaq uyufl aiyj UflC .IfTfil

Tba aaan aaruo Iron and TCBO laYola of tbo aubjaota la 
tba beginning of tbo atudy ara given la Table V*

TABLE Y

MEAN SERUM IRON AMD TXBG V  W E  SUBJECTS

Details Mean aarua 
Iran (mog/lOO al) Maaa TIBC

Aneale N-3° 6 5 .5  ± 4.23 *125*6 ± 2 2 .5 8

Nan-aaaale 1-3° 1 0 1 .9  ± 2*31 315.6 ± *15.17
•t ' value *11.36** 11.93*#
Cartwright and 
Vlntroba (19*19) a a *182

** . . Significant at aaa par eant level

Tba anaalo woaan raglatarad a aaan aarua Iran value af 
6 3 .5  aog/lOO ml against 1 0 1 .9  aog/ 1 0 0  al raaardad by tba non-aaeale*

Statiatiaal analyala between 1ba values rag 1  stared by 
tba aneale and non*aneale woaan, revealed that there was a
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Darlas at al. (1932) fa and a U B C  of 204-429 (naan 320) 
■g^ / 1 0 0  ml in fanaias with a par oant saturation of 14-51 (average 
33)* Cartwright andlPintrobe (1949) paintad out that in oasa 
of iron dafielanay anamia tha ranga is 304-7°5 and at o rag* is 
482 nag/ 10 0 ml.

Zn tha prosont study tha anania women raglsterad a naan 
total Iran binding aapaalty of 425*8 mog/ 1 0 0  ml against 315*8 
■sg/ 1 0 0  ml resorded by the non-anemia women*

Statlstloal analysis batwaaa tha values raglsterad by tha 
anomie and non-anemia women, revealed that there was a slgnlfleaat 
differanea at one par aant level, between both tha groups* 
Individual total iron binding aapaalty values ara given in the 
Appendix VIII.

e. Mean Peeked oall volume (PCV) of the subjects

Table VI highlights tha mean paeked aall volume of the 
subjects at the start of the study.

TABLE VX

MEAN PACKED CELL VOLUME OP THE SUBJECTS

algnifloant difference at one par cant level, between bath tha
groups. ZudlTldual serum Iran n l u a a  ara glvan In tha Appendix VIZ*

groups N PCV la 
per aant •t * value

Anomie 30 22.7 ± 4.19
2 0.8J**Nen-anemie 30 3 8 .8  ♦ 0 .8 2

Davidson at al. (1975) 45 - 48

#* a a Slgnlfleaat at ana par aant level



33

Davidson ot al. (1973) state that normal packed sell 
volume (PCV) is *15-1*8 per sent* Anemic women bad registered 
a mean packed oell volisse of 2 2 .7  per eent against 3 8 .8  per sent 
recorded by tbe non-anemio women*

Statistical analysis between tbe values registered by 
tbe anemic and non*anemic women showed that tbere was a 
significant difference at eae per eent level between both tbe 
groups* Individual packed cell volume of tbe subjects are 
given In Appendix IX*

f• Clinical pioture

In general tbe clinical pioture of tbe non-anemic group 
appeared to be better than tbe anemic group* Out of tbo 30 
anemic subjects 17 subjects bad skin pallor and 12 subjects1 

hair was lacking lustre wbile out of 30 non-anemic subjects, 
only 6 subjects bad skin pallor and 2 subjects* hair was lacking 
lustre* while doing work, 13 anemic subjects out of 3°, became 
tired easily, 1 1 bad poor breath-bolding capacity and 6 subjects 
were exposed to tbe problem of glddyness wbereas none ef tbe 
non-anemie subjects were prone to these characteristic clinical 
symptoms of anemia. Other than tbese clinical symptoms, both 
tbe groups were free from other deficiency symptoms*

2* Pulse rate and blood pressure of the subjects

Table VII presents tbe mean pulse rate of tbe subjects 
recorded before and after the activity at tbe beginning of
the study
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m e a n  p u l s e  b a t e of the s u b j e c t s before a n d
AFTER THE AOTZFLTT

TABLE H I

Ore up N
Mean pulse 
rata befare 
activity

*t»
value

Mean pnlaa 
rata after 
activity

•t*
value

Stray Barrasting
Anemic 30 82 ♦ 2.23 _ ** 103 A 2.7

17.87 35.92 *
Non-ana ale 30 73 ♦ 1.3 8* ♦ 1.73

Cawpaa haulms
cutting

Anemia 30 82 ± 2.15 _ f# 103 + 2.1*8
18.13 3^.93

Nan-anemia 30 73 ± 1.67 84 + 1.92

Covpea pod picking
Anemia 30 82 ± 2.09 93 ♦ 3*33

19.86 12.28
Nan-anemia 30 73 ± 1.34 83 + 2.69

Sorghum harvesting
Anomie 30 83 ± 1.56 #* 103 ♦ 3«3

23*89 21*96
Nan-anemia 30 73 ± 1.68 84 ±  3*^

Weeding
Anemia 30 84 ♦ 1.31 ## 104 ±  3.01 * *

27.09 27*32
Non-anemia 30 73 ± 1.5* 83 ±  2.66

*• . . Significant at ana par aaat Laval



37

It la obvious from Tiki* VII that tbara vaa as i a e n a M  
in pulse rata after doing nativities 1 1  ka straw h a m * t l a g >  
eovpoa baulma eatting, oawpaa pads peaking, m ( b a a  harvesting 
and weeding*

Tba dlffarenas was absarved iaoi| all subjaets lrraspaetlva 
af wbatbar tbey vara anemic ar non-anomie• However it waa 
aatlead that tba rata af laeraaaa In palaa rata was mors far tba 
aaamle women than non-anemia vosea* This iaeraasad paisa rata 
among aaaalo women lndlsatad that they bad ta ezert aora to do tba 
sane nativity baeaasa they vara anemia*

Statlstleal aaalysis also abowod a significant dlffarones 
in paisa rata at ana par eant level far all tba activities among 
aaamle aad non-anemic wemen.

Individual paisa ratas takaa bafero aad after tba aetlvity 
are given la tba Appendix X*

Tablo VIII daplets tba moan blood prossuro of the subjects 
bofore and aftor tbo aetlvity for a spaelfled period of time*



38

MEAN BLOOD PRESSURE QP THE SUBJECTS 
BEFORE AND AFTER THE AGTXTZTT

TABLE T i l l

Oraup N
Mann blood
Before

Aativity

pressure
After

Aotlvity

Straw barvesting
Anamio 30 1 16/79 123/82
Non-anaaio 30 1 1 6 / 7 8 120/80

Covpaa baulma cutting
Anamio 30 119/78 1 2 1 / 8 1

Non-anaaio 30 II8 /7 8 118/79

Cowpea pods picking
Anamia 30 1 1 8 / 7 8 1 2 0 /8 1

Non-anaaia 30 117/78 119/79

Sorghum harvesting
Anamio 
Non-anemia

30

30

117/78 120/80

Weeding
Anamio 30 119/79 1 2 3 /8 2

Non-anemia 30 118/79 1 2 1 / 8 1

Both tba systolic pressure and dlastollo pressure
appeared *• laoraaaa on ptrftnalig tha nativity irrespective of 
who ther they vara anomie ar non-anomie but tha laeraaaa was net
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significant. Indlridual blood pressure valuta of the subjects 
aro glron la tbo Appendix XI*

3* Basal aotabolio rato and Tital oa pa city of tbo subJoots

Moan baaal aotabolio rato and Tital eapaelty of tbo 
subjects aro givau la tbo Tablo IX*

TABLE IX
MBAN BASAL METABOLIC RAT* AMD VITAL 

CAPAOITT OF TUB SUBJECTS

Details SIR in par oont Vital oapaoity in al

Anoale JBO *6*9 ♦ 1 0 .2 1998 ±  133*76
Mon-anouie M -3 0 3 2 . 1 ± J.6 2233 ±  127*76
't' raluo 7*%9 6 .96**
ChattorJoe (198°) # # 3 10 0

** • • Si gal f loan t at ono par eont Io t o I

Tbs aean basal aotabolio rato of aneaie vosea vat k6»9 
par e o a t  against 32*1 par oont of non-aneaic w o m b , who partlelpatod 
la tbo prosoat study.

Statistical analysis between tbo Taluos roglstorod by tbt 
anoale and non-aaoaio woaea roToalod tbat tboro was a slgnlfloaat 
dlfforoaoo at oao par oont Io t o I botwoon both tbo groups*
Indlridual basal aotabolio ratos aro glToa la tbo Appendix XCI*

•
Tbo noraal basal aotabolio rato of ago group 2 5-bb years 

is 35*7 par eont (tbo Mayo Foundation Bernal Standards). Tbo
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nornal -vital aapaolty af tba v o m i  la 3 ,1 0 0  ml asaording to 
Cbatt«rj*« (19 8O). Tba aaeais momen raglstarad a mass vital 
aapaolty of 1998 al agalast 2233 al raaordad by non-ana mi a vaaaa.

Tba atatlstiaal analysis batwaau tba valuas raglstarad by 
tba anemia and non-anemic vomaa ravaalad tbat tbara was a 
significant dlffaranoa at one par eaat laval between bath tba 
groups. Zadividua 1 vital aapaolty valuas ara (Ivan la tba 
Appendix XIXI.

k. yffzjs jtHiBui durtii

Tabla z daplata tba mean work aut put af tba subjects 
at tba start af tba study*



TABLE X
MEAN WORK OUTPUT OP THE SUBJECTS A T  THE 

START OP THE STUDY

Croup H
Moan verk output 
la taraa of area 
covered iu sq.m 
la 3 0 minutes

1 1 ’ value

Straw harvesting
An«ai« 30 13 ±  1-03 _ #JL
Non*aaeaie 30 28 x 1*88

8 7 0 8

C»«p m  baulas cut tins
Anemic 30 19 ±  0*S9
V«a*anMd« 30 18 ^  1

Cowpea pod picking
Aneaie 30 39 ±  0 .9 1

Moa-anenie 30 88 ±  1.68
23.8

Sorghum harvesting
Ana Hi a 30 8# ±  1 0 9

18.23##
Hoa-anenie 30 3% X  1*88

Vaading
Anemic 30 88 x  1*38 *88
Mon-anomic 30 38 X 8.13

13.00

W t R t M Y  Ol P9dS picked in (g)
Anaole 30 1388 ♦ 178.3
Hoa»aneaie 30 1703 ♦ 92*88

1 0 . 1 6

** Significant at par ««»t level



The m m  a m  MTarad k/ anemia voasa durlif itrav 
b a m a t l a g i  eovpta haulms cutting, oewpea pod picking, sorghum 
harmsting aud wooding within a spoolfind poriod of 30 minutes, 
was 19 sq.m*, 19 eq*m., 39 eq*m*, 28 eq*m*, and 28 oq*m*, against 
28 sq.m*, 28 sq*m., 48 sq.m., jk sq.m., and 34 aq.m., oevered 
by non-anomie woman respectively. The quantity of pods piokod 
by anouio woman wan 1342 grams against 17 0 3 grama piokod by 
non~aaemlo woman* Thoso roaults indioata that non-anamio woman 
porformad battor and thoir work output was higher whan eomparod 
to tbo anemia woman.

Statlatloal analysis also revealed that tho dlffaranooo 
la tbo area covered was significant at ono par oant loyal for 
all tbo flan activities*

Individual datas arc given in tho Appendix XCT*

3« Pnlai.-ratoa of tho subjects while working on a 
static biovola orgomef r

Tbo moan pulse rates of tbo subjects taken by tbo 
ergometry toobniquo at tbo start of tbo otudy are presented 
in Table XI.
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MEAN PULSE BATE OP THE SUBJECTS TAKEN WHILE 
WORKING ON AN STATIC BICYCLE EBOOMETEH

TABLE XI

Croup N Maaa paisa 
rata •t* ralua

3rd minuta
Anamlc 30 99 ± *.59 **
Non-anemio 30 81 ±  *.*7

15.37

6 th minuta
Anamlo 30 1 1 0  ±  3*37 a*
Non-anemic 30 9« ±  3*29

13* 0 8

9th minuta
AaeariLe 30 119 ±  *.29 •*
Noa-anemlc 30 10 2 ±  5.97

13.0*

##•» 8i|nifl«iiit at one par oant laral

Tba paisa rata bad inaraasad Par all tba groups aftar 
argomatry, lrraspactiya af whether they vara anemic or aon~anealo 
but tba rata af inaraasa among anemic women was blgbar than that 
of non-anomie woman wblob was statistically significant at ana 
par cant laral.

Tba lndlrldnal pulsa ratas during argometry ara glren 
la tba Appendix XV.

6 . Impact of Iron Supplemantatiea on tha Subjects 
a. Haemoglobin lavaIs

Tabla XII glras tba maaa baamoglabla lavaIs bafara and
aftar supplamantation wltb iron tablats.



TABLE XZZ
MEAN HAEMOGLOBIN LEVELS CP THE SUBJECTS

BEFORE AND AFTER SUPPLEMENTATI ON

droop N No an baemog labia(«/ioo.i) ’** T*la*

Befara aupplamentation 30 9.* ±  0.39a **
39.**Aftar aupplamaatatlaa 30 12.9 ±  0 .8 8 9

SauberUob (1976) 10.0

*# *. Sign!fleaat at ona par aant lawal

Ilia aaai baemoglobla walaaa of tha anemia waaaa laoreaaed 
fraa 9»i»“12.9 g/lOO al aftar supplementation of tbair dlata with 
iraa tablata. Tba benefiela1 effects of iroa supplementation 
waa wary evident from tbia atody> Tba laaraaaa la haemoglobin 
waa alaa atatlatiaally algalfieaat at aaa par aaat level, 
revealing tha graatar aaopa of iron aupplamaatatlon far improving 
anaaie individuals. sumiL- ts seen <*sizd.<iAly Ln j^uve ■ A

Vi Jayalakehed ot al. (1983) bawa raportad alailar 
aigaifiaaat laaraaaaa la baamoglabia levels aftar 60  daya af 
iroa aapplomaatatlaa ta anaale pragaaat women.

Tba baamoglabia lavala la tba anemia aubjeots la giTon 
la tha Appendix VI•

b. Seram Iroa and TXBC la t o  la
Table XXIX dapleta tha mean a a rum iron and TTBC lore la 

before and after aapplemeatatloa with iron tableta.
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KEAN SERUM IRON AND TXBC <*F THE SUBJECTS BEFORE 
AND AFTER SUPPLEMENTATION

TABLE XXII

DotalIs Moan ssrum iron 
(mog/lOO ml) TEBC (nog/100 ml)

Before supplementation
N-30 65*3 S. 4*23 423*6 + 2 2 .3 8

After supplementation
N-30 1 0 1 .6  4 2 .6 7 317*4 ± 44.33

' t value 39*33** 11.93**
Cartwright and 
Vlntrobe (1949) ~ 482

** .« Significant at one p*r eoat 1*t *1

As is evident from Table XXXI* the moan serum iron l*Tels 
bad laoreaeed among anemic v a i n  from 63*3 meg/ 10 0 ml to 
101.6 meg/100 ml. Statistical analysis rovesled that tbs 
increase was statistieally significant at one per eent level.
Tbls also substantiates tbo beneficial effects of supplementation 
of iron to tbe anomie women.

Tbs rise in serum iron levels in tbe anemic group is 
given in tbo Appendix FXI.

From tbe Table XXXI it is obvious that tbe moan total iron 
binding capacity bad decreased from 423*6 to 317*4 meg/10 0 ml 
as a result of iron supplementation. Tbe present values are 
well witbln the normal values. Analysis also revealed that tbe 
decrease was statistieally significant at one per eent level.



Tbe decrease in total Iron binding capacity of tbe 
anemlo group ia glTcn in tba Appendix Till.

•• Paokod Cell volume (PCY)

Tbo m a n  paokod ooll t o luma (POT) of tbo anomie group 
before and after aupplomentation with iron tablets are presented 
in Table XET.

T A S K  XZT
MEAN PACKED CELL VOUJMi (PCV) OP THE
SUBJECTS BEFOHE AND‘SUPPLEMENTATION/v

Ore ups M Mean PCV in 
per cent •T' Talue

Before 30 22*7 ±  *.19 **
19.73

After 30 38.* ± 1 . 2

** .. Signifieant at one per sent Io t o I

Tbe mean paokod oell t o luma of the anomie group bad 
increased from 22*7 per cent to 38** per eent after supplementation 
with iron tablets. Tbe number of aotlTe cells capable of 
oarrying oxygen in tbe blood increases due to the increased 
haemoglobin Io t o I vhiob is a beneficial effect of iron 
supplementation. Statistical analysis also reTealed tbat tbe 
increase was statistically significant at one per eent Io t o I.

Tbe packed cell Tolume changes in tbe anemic subjects 
are glTen in tbe Appendix XX*
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d. Pulse Rate

Tbs M a n  dlffsrsnos In tbs pulss rats before and after 
activity and bsfors and after supplementation are represooted 
in Table Xf*

TABUS XT.
MEAN PULSE BATE OF THE SUBJECTS BEFORE 

AND AFTER SUPPLEMENTATION

Croup N Before »t* 
activity veins

After
aetivity

»t»
value

Straw harvesting
Before 30 8a X 2.23

2 1 . Ill**
10 5 ± 2 .7 0 39.62**

After 30 72 x 1 . 3 2 83 ±  1.4
Cowpea haulms outtina

Before 30 82 ± 2.13 ee 10 3 x  2 .I18
2 1 . 2 1 33.89

After 30 72 x 1.83 82 x  2.03

Cowpea pod picking
Before 30 sa ± 2 .6 9 93 ±  3.33

2 0 .8 8 1307After 30 73 ± 1-13 82 x I*66

Sorghum harvesting
Before 30 83 ± 1 . 3 8 •* 10 3 x  3 .2 9 •*

30.33 29.33After 30 72 ± 1 . 2 3 82 x  2 .0 8

Vefi
Before 30 83 ± 1.31 vse #94 ♦ 3*0 __„**

3 0 .6 33.90
After 30 72 x l.*»7 8 1 * 1* 8 2

** .. Significant at one per sent level



This change or rather decrease in the rate of lnerease 
in pulee rate after activities indicates that there is less 
exertion after supplementation to do the same activity. 
Individual pulse rates after Iron supplementation is given In 
the Appendix X*

e. Blood pressure

Table XYI gives the blood pressure levels before and 
after activity before and after supplementation*

TABLE XYZ
MEAN BLOOD PRESSURE BEFORE AND AFTER 

SUPPLEMJillTATE ON

Mean blood pressure
Activities N Before

activity
After

activity

Straw harvesting
Before 30 1 1 6 / 7 8 12 2 /8 2
After 30 113/77 121/80

Cowpea balums cutting
Before 30 117/78 1 2 1 / 8 1

After 30 117/77 120/80
Cowpea pod picking

Before 30 117/79 122/80
After 30 116/77 121/80

Sorghum harvesting
Before 30 1 1 8 /7 9 122/80
After 30 117/77 121/80

Needing
Before 30 1 1 8 /8 0 12 * /8 2

After 30 117/77 122/80



Both the ayatollo and dlatolie p m a u r a s  lneraaaad 
aftar performing tbe activities but it was not etatiatleally 
algnifleant« Individual bleed preaaure Taluea ef the aaetalo 
group after aupplementation with iron tableta are given in 
tbe Appendix XVI>

f. Baaal Metabolic Rate (tMR) and vital 
Capaeltv

Tbe aean baaal metabelie rate (BMR) and mean vital 
eapaeity before and aftar aupplamentation are given in Table XVII

T A B U  X V H
MEAN BASAL NBTAB01X0 RATS AND VITAL CAPACITY 

BEFORE AND AFTER SUPPUMBNTATt ON

Dotalla SIR in per eent Vital eapaeity in ml

Before aupplementatlon 
H-30 46.9 + 1 0 .2 1998 ± 133.76

After aupplementatlon 
N-30 36.9 ± 1.72 2184 ±  77.87

' t* value 5.30 6.31**
Cbatterjee (1974) 3100

Tbe mean baaal matebolie rate of the anomie group had 
deereaaed from 46.9 per cent to 3 9 ,9  per eant. Tbe difference 
in tbe BMR before and after aupplamentation Indicated a 
Statiatleal aignifleanee at one per eent level. The 
individual valuea of EMR are given in Appendix XII.,
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The mean vital capacity of the anemia group bad i M r e a n d
from 1998 ml to 2184 ml after aupplementatlaa with lraa tableta•

«

The maximal amount af gas expired from the lunge after a deep 
inspiration referred an vital capacity bad- laereaaed from a 
lew value te a somewhat satisfactory level vbleb may be due to 
iron supplementation* However these values are still lower
when compared to tbs values of Chatterjoo (1974). Individual 
values are given in Appendix XIII*

I* Work output

Table XVIltgives the impact of iron supplementation 
on the work output.

i
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Vo m r  who vert anemic at tbe start of tbe study bad 
subsequently beoome aoa-anemle because of Iren supplementation. 
Tbe mean area covered during straw harvesting, sewpea baulms 
outting, eowpea pods picking, sorgbum harvesting and weeding 
by them after supplementation bad Increased from 19 aq.m* *
19 sq.m*, 39 aq.m., 28 sq.m., 28 sq.m., to 22 sq.m., 22 sq.m., 
it2 sq.m., 30 sq.m., and JO sq.m., respectively. Tbe mean 
quantity of pads picked bad also Increased from 13 ^ 2 to 1^ 9 2  

grams in 30 minutes• The increase in work output after 
supplementation was statistically significant at one per cent 

l*r*l* ^2" 'î sne. c_s S<2.ao eux oie.ntlĉ  tn ^

Individual area covered by the anomie group are given 
in the Appendix XIV.

b. Pulse rate during ergometry

The mean pulse rates taken while working on a static 
bicycle ergometer after supplementation arc given la 
Table X K H .  */*
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TABUS XZX
MEAN PULSE RATES OP THE SUBJECTS WHILE WORKING* 

OH A STATIC BICYCLE SHOCNETER BEFORE 
A HD AFTER SUPP U5MEHXA1X OH

Oroupa H Moan
pulao rato 't* valuo

3rd ulauto
Boforo 30 99 ♦ *1.39 #•
Aftor 30 81 + 1.82

19.97

6tb mlnuto
Boforo 30 110 ± 5 0 7 . *0

Aftor 30 91 +. 2,76
17.21*

9th mlnuto
Boforo 30 119 ± ^.29 _«#
Aftor 30 100 £  3.1*6

18.88

** .. Significant at oao por oont lo VO 1

Tbo nmaa pula* rata* of ttaa anomic group bad doeroaaod 
from 99» 1 1 0 , 119 to 8 1, 9 1 , 10 0 roapootlvoly at 3rd, 6th and 
9tb mlnuto of tbo oxoroLso aftor tbo aupploaoutation. Pulao 
rata (100) of tbo aubjoeta aftor aupp lamentation at 9tb mlnuto 
vaa alaoat a u a  aa that at 3rd mlauto (95) bo fora 
aupplamentation. Statlatioal aaalyala rovoalod that tbo 
doeroaao La pulao ratoa aro atatlatloally algaifloaat at oao 
par eoat levol.

Individual pulao ratoa aro given la tbo Appoadlx XYEI.



Summary and Conclusion
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V. SUMMARY AMD CONCUUSION

The study on 'Anemia and vork output' vaa designed 
with the ala to find out tho relationship between nutrition 
and vork output with speoial referenoe to iron deficiency 
among farm women doing speoifie activities and to supplement 
the anemia subjects with 120 ag of ferrous sulphate for a 
period of 90 days and observe the lapset of suppleaentatlon.

Subjects with siallar anthropometric aeasuremeats and 
socio-economic background wore selected for tbs experimental 
and control groups which included 30 subjects in each group.

Both anemic subjects and non-anemic subjects wore 
studied with reference to their dietary intake* clinical 
status* biochemical examination* work output* pulse rate* 
blood pressure* basal metabolic rate* vital eapaelty and pulse 
rate and eoapared with each ether. The agricultural activities 
for the study included straw harvesting* cowpea haulms cutting* 
eowpoa pods picking* sorghum harvesting and weeding*

After supplementation its impact was studied by 
repeating all the parameters. Through this study the 
following facts were revealed.

1• The moan food and nutrient Intake of the anomie 
subjects were less than that of the non•anomie subjects* 
specially with referenoe to green leafy vegetables.
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2. Tbe clinical aaaeaaaent of anoalo aubjeota aboved 
that aany of tbea exhibited eaay fatiguablUty and pallor 
of tbe akin*

3* Tbo a u o  baeaog lobia level a, aerua iroaf pa ok ad 
eoll voluae of aaoaie aubjeota laeroaaod froa 9.4 g/100 al,
6 3 .3  aog/lOO al 22*7 par east to 12.9 g/1OO ml, 101.1 aeg/100 al
38.4 par ooat reepeetively. Tbo aeea total lroa blading 
oapaelty of tbo obobIo aubjeota deereaaed froa 425*8 to 
aeg/100 al to 317*4 aog/lOO al aftor aupplaaaatatloa.

4* Tbo rata of inoroaao la pulao rata vaa dooreaaad 
algnlfloaatly vblle carrying out tbo aaao kind of aotlvLtlea 
after aupplaaantation. Blood preeaure valuea alao abowed 
aoaa dlfferenoo before and aftor aupploaoatatloa but vaa 
not atatlatloally algalfleant* Tbla ladleatea probably a 
better eardlao and pulaonary effleioaoy duo to laeroaaod 
baoaoglobln*

5 . Tbe baaal notabolie rate of aaoaie aubjeota deoroaaed 
aarkodly after auppleaeatatlon Indioatlng that tbe energy 
needed for their baaal aetlvltlea vaa alnlmiaed.

6. Tbo vital capacity bad iaereaaed after auppleaeatatlon 
abowing tboir laprovad broatb bolding oapaeltloa*

7 . Tbo aean pulao ratea roeordod by orgoaetry abowed 
a dooroaao after lroa auppleaeatatlon.
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Tba reawlts of the study suggaat a greater aoopa for 
prograneea involving iron supplementation ta working 
papulatlaa ta improve thalr work efficiency* A  country Ilka 
India la In dire naad far affialaat working population to 
Improve Ita economia condltlona and compete vitfc atbar natians*



l is t  of M erm tts
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APPENDIX X
ESTIMATION OF HAEMOGLOBIN BY CYANMETHA MOGLAELN METHOD

The haemoglobin 1 * treated with a reagent containing 
potassium ferric cyanide# potassium dihydrogen phosphate* The 
ferzlcyanide forms methaemoglohln which Is converted to cyan 
methaemoglobin by the cyanide*
Reagents

Drapkin's diluent solution
Sodium bicarbonate • • 1  9
Potassium cynanLde • • 0*05 g
Potassium ferric cyanide • • 0*2 g
Distilled water • • 1  litre

This solution is preserved in a dart bottle and preferably 
under cold storages* Xts preparation and handling should be done 
with great care* This solution should not be used after it forms 
a precipitate at the bottom of the storage bottle*

Procedurei
1* Exactly 5 ml of the Drspkln*8 diluent solution is measured 

into a dry test tubs from a burette (or) a pipette with suction 
bulb*

2* Exactly 0*02 ml of blood is transferred from a standard 
haemoglobin pipette into a diluent solution* Usual ears in filling 
end cleaning of loaded haemoglobin pipette must be observed*

3* The pipette is rinsed three times with the diluent solution 
without allowing the formation of air bubbles in the solution*

4* The blood and the diluent are thoroughly mixed by 
rotating the tube*



-« $  t-
S. Ten minute* time Is allowed for the formation of 

cyamethaemoglobin*
6» live ml of diluent solution is used as blank*
7* $he readings are taken in photoelectric calorimeter

at 540 m/u. 
a
Cliberation procedure

1« Total blood iron is determined by M Mbag's method which 
would give absolute amount of haemoglobin.

2* Exactly £.02 ml of this known blood sample is measured 
into 5.0, 7.5, 10.0, 12.5 and 15*0 ml of diluent solution* These 
are now equivalent to blood samples containing respectively 10 0,
57» 50, 40 and 30 per cent of the original haemoglobin concentration* 

3 * The intensity of the color is read using s green filter 
at 540 m/u against s bland set at sero optical density*



APPENDIX I
DETEPKL NAZI ON OF IRON AND HAEMOGLOBL N BY WONG'S METHOD 

Principle
^he iron is detached front the haemoglobin molecules by 

treatment with concentrated sulphuric a d d  in the presence of 
potassium per^sulfate, without heating* After removal of the 
proteins by tungstic add #  the iron in the filtrate is determined
colorlmetrieally* From the total iron content# the maemoglobin

*
content is readily obtained# since the haemoglobin content is 
0*34 per cent of iron and only 1 to 2 per cent or less of the 
total blood iron is non-haemoglobin iron*

Reagents
1 * 10 per cent sodium tungstate
2* Saturated pottassiura persulphate solution 
3* Potassium cyanide 
4* Standard iron solution 
5* Working standard 

Procedure

With an Ostwald (or) micropipette# accurately transfer 0*5 ml 
of well mixed oxalated whole blood into a SO ml volumetric flask* 
ftdk Add 2 ml of saturated potassium persulphate solution* Mix 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# 
filter through a dry# paper collecting the fliterate in a dry 
flask* Prepare a standard in a second 50 ml volumetric flask 
by addition of 2 ml of concentrated sulphuric add* 2 ml of 
saturated potassium per sulphate and 2*5 ml of standard iron 
solution containing 0 *1 mg of ferric iron per ml*



Cool to room temperature# dilute with water to the mark and mix* 
Prepare is a blank similar to the standard but omitting the 
standard iron solution.

Measure 20 ml of unknown filtrate# standard and blank if# 
necessary into separate test-tubes. To each add 0.5 ml of 
saturated persulphate solution followed by S ml of S N potassium 
thio cyanide solution. Mix by inversion and read within the 
next thirty minutes# setting the colorime ter to zero density 
with the blank at 480 ra/u.

Cglculatjpp

S s a ^ s i ^ s s s s n  x « , 2S « 1 0 0  x l  .  grams of 
Density of standard O.S. 3.4

haemoglobin per 100 

ml of blood.



BSXXMA3X0H 07 SERDW IRON EttPYKtDYL METHOD

PfinpipJ-e

Ferrous iron gives a pink colour with 2*2 dpridyl. A 
solution of dpyrldyl in acetlo la added to sextan followed 
by a reducing agent. Proteins are removed by heating In boiling 
water and then centrifuging.

Reagents
1. 2.2 dlpyrldyl - 0.1. per eent acetic a d d  3 per cent 

v/v
2. S o d  us sulphate 0,1 m
3. Choloreform
4. standard solution containing 200 miexograms 

of iron/ml
5. Working standard - dilute 3 ml of the stock solution 

to 10 0 ml with water to obtain a solution containing 
3 mg/ml

Procedure
Mix equal volumes of sextan. 0.1m s o d  uni sulphate, and 

dpyrldyl reagent in a glass stoppered tuba which can be 
centrifuged. Heat in boiling water for five minutes. Cool and 
add 0 . 1  ml of chloxofoaa. stopper and shake vigourously for 
d v e  minutes at 300 rpm. If the supematent is not completely 
clear, repeat the shaking and centrifuging. Read at S20 te/n 
standard in the same way.
Calculation

APPENEEX XX

Miexograms iron per 100 ml 
of the serum Readings of unknown x  300 

Readings of standard



*—  2 »<*
This readings are linear with concentration te at least 

$00 per 200 ml* To obtain a call be rati on curve, dilute % ml 
Of the stock standard to lOOtnl with water and set up tubes containing 
0.4# 0.8 , i«2# 1* 6 and 2*0 ml this, make each to 2 Hi with 
water end develop the color as described above and read against 
the blank. These correspond to 200# 200# 300, 400 and 500 /ug 
per 200 ml.



APPENDIX III
DETERKI MATE ON 0 7  TOTAL IRON ffiNUNG CAPACITY fc RAMSAY'S

ZXPYRLDYL METHOD

Reagents

1 . Ferric chloride solution - 5 /ug iror/ml in 
0.005 N Hel. Prepare a stock solution containing 
145 mg of F e c l ^  100 ml of 0,5 I a d d  dilute one to 
10 0 ml with distilled water.

2. Magnesium carbonate- light for absorption
3. Sodium sulphite, 0.2 /u, 2.52 g of the anhydrous 

salt/ 10 0 ml.
4. 2.2 dlpyrldyl 0.2 per cent in acetic add, 3 per cent 

chloroform and standard solutions as for the method.
Technique

Add 4 ml of the ferric chloride solution to 2 ml of serum. 
After allowing for 5 minutes add 400 g of Mg^, C©3 (100 mg for 
each ml of ferric chloride). Shake frequently and vigorously for 
30-60 seconds. Centrifuge and pipette off 4 ml of the supernatant 
fluid for iron determination. If the dipydridyl methods is used 
add one ml each of the 0*2 /ug sulphite and 0 .2  per cent dipyridyl 
and proceed as described previously for dtexminlng serum iron.
The result gives the total iron binding capacity. If the serum 
iron is determined at the same time the per cent saturation is 
easily calculated;
Calculation

Total iron binding capacity in to/u 100 ml senna
m Reading of unknown x  100 x f 

Reading of standard 1.33
m Reading of unknown x 450 

Reading of standard
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APPENDIX -  V
INDIVIDUAL H Q  GOTS AND WEIGHTS OF THE SUBJECTS

Anemic -SE23SL_____ __Non~aneroic. groug __ [iiri
Number Height lb

CTOS
Weight in 

*g
Height in 

ans
Weight in 

kg

1 148 49 152 41
2 158 42 148 41
3 156 40 150 40
4 145 41 150 39
S 156 38 145 44
4 145 41 155 40
7 1S5 43 150 55
8 153 40 158 42
9 157 41 135 42

10 158 43 156 43

1 1 150 44 145 40
1 2 140 39 156 42
13 155 47 145 42
14 155 41 153 41
15 150 40 148 41
1 $ 151 45 150 42
17 155 35 154 42
18 160 46 158 47
19 156 40 150 40
20 145 41 149 41

2 1 156 42 155 43
2 2 149 40 160 42
23 147 40 154 41
24 148 43 154 47
25 145 40 149 41
26 143 35 155 47
27 154 37 153 47
28 150 52 148 41
29 150 42 154 40
30 148 41 145 43



12
3
4
$
6
7
8
9

18
1112
13
14
1$
18
It
18
18
28
21
21
23
24
25
24
27
28
28

tppstm x •  vi
I NEE VI DUAL HAEMOGLOBIN LEVELS OP THE SUBJECTS

Anaemic

Before After
Supplemen- Supplemen-
tation tatdon

Hon Anaemic
Ho. Haemoglobin q/IQP ml

9.72 12.7 1 23.3
9.87 13.5 2 22*39.58 13.3 3 13.09.15 13.3 4 13.01
8.4 12.3 5 13.0
8.7 13.0 4 13.0
9.72 13.0 7 12.5
9.44 13.0 8 13.5
9.3 13.01 9 12.87
9.4 13.09 10 13.01
9.8 13.3 1 2 13.3
9.4 13.05 1 2 13.3
9.73 13.8 13 1 2 . 8
8.87 1 2 . 8 14 13.09
8. 58 12.87 15 12.79.44 12.58 14 13.59*58 13.81 17 13*39.81 1 2 . 8 18 13.81
9.87 12.5 19 12.599.8 13.01 20 12. S
9.3 12.05 2 1 13.05
9.87 12.58 22 12*9
9.58 12.87 23 13.0
9.81 1 2 . 8 24 13.0
9.58 13.01 25 13.0
9.72 13.0 24 12.9
9.0 12.30 27 1 2 . 8
8.9 12.5 28 13*09.87 13.05 29 12.87
9.5 13.01 30 12.58



APP68KX - VEX
IKESVIDUAL SERUM IRON VALUES Of THE SUBJECTS

Anaemic Non Anaemic
H©* Serum Iron mcg/lOCtal Mot Serum Iron mcg/100 mi

Before After
Supplemen- Supplemen-
tation tation

1 60*83 99*5 1 204*28
2 63*0 106*8 2 96*43
3 69*52 103.28 3 101.93
4 65*16 103*28 4 102.72
S 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*85
9 68*83 101*72 9 100*91

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 16 105.85
17 69*52 102*72 17 104*28
18 64*83 100.92 18 102.72
10 63.0 99 .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 25 100*92
26 60.83 95.0 26 100.91
27 93*69 92*4 27 101*93
28 60*66 99.2 28 100.91
29 63*05 102*5 29 98.01
30 69*52 102 30 101,85



appemax - vtn
INDIVIDUAL TOTAL IRON BLUEING CAPACITY OP THE SUBJECTS

Non Anaemic ___
No. Total Icon Binding 
_____capacity rocg/lOO ml

1 393.75 270.0 1 253.13
2 399.36 265.0 2 393.75
3 421.86 270.0 3 382.50
4 405.00 255.0 4 360.00
S 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 11 281.25
12 399.36 374.65 12 360.00
13. 433.13 368.5 13 309.38
14 465.00 310.0 14 303.75
15 455.66 345.75 15 264.38
16 461.25 352.5 16 275.63
17 433.13 365.0 17 264.36
18 438.75 310.8 18 365.63
19 388.125 299.0 19 343.13
20 663.13 360.53 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 25 270.66
26 393.75 358.0 26 281.25
27 427.50 370.0 27 320.63
28 444.38 262.0 28 247.50
29 399.36 268.55 28 348.75
30 405.00 248.0 36 354.38

No. Total iSir^ncilre, 
^ jogpacitj; rocg/lOOml
Before
Supplementa­
tion

After
tation



INDIVIDUAL PACKED CELL VOLUME OF THE SUBJECTS

so.
Anaemic Son - Anaemic""fauked call volurw  In i SO. Pacdeed cell volume in %

Before AfterSupplement Supplementtation tation

I 24*3 38 1 39.9
2 24.68 41 2 36*9
3 23*95 39.9 3 39*8
4 22*48 39*9 4 39*83
5 21*9 36.0 5 39*8
4 21*79 39*0 4 39.0
7 24*3 38*5 7 37.5
8 23.6 38*75 8 40*8
9 23*25 38*5 9 38*41

18 23*5 39*3 10 39*8
11 22*5 39*5 11 39*9
12 23*9 38.5 12 39*9
13 24*33 38.5 13 38*4
14 21*18 37*0 14 39*27
IS 21*45 39*8 15 38*1
14 23*48 34*5 14 40*5
17 23*95 38*8 17 39*9
18 25.53 37*5 18 39.03
19 24.66 34*85 19 37*77
28 24.5 38.5 20 39*5
21 23.25 37.5 21 39.15
22 24.68 34*5 22 38*7
23 23*95 38.41 23 39*0
24 22*53 36.5 24 39*0
23 23*95 39*5 25 39*0
24 24.3 39*5 24 38*4
27 22*5 35.75 27 38*4
28 22*25 38*5 28 39*01
29 24*48 39*8 29 38.61
30 23*75 39*0 38 37774



APPENDS X  * X
INDIVIDUAL PULSE RATE IN SUBJECTS IN PERFORMING STRAW HARVESTING

'j

* ^
Before

Anaemic
After

Non - Anemic
No. Supplemen­

tation_________
Supplemen­
tation S '  L.

NO*
Before After Before After Before
Activity Activity Activity Activity Activity

1 79 103 72 1 74
2 81 10 2 71 2 72
3 80 10 0 75 3 71
4 79 1 0 1 73 4 73
5 79 104 75 5 75
6 82 105 72 8 72
7 84 103 72 7 73
8 80 105 72 8 71
9 78 107 72 9 74

10 81 108 74 10 73
1 1 84 109 72 1 1 75
1 2 84 1 1 0 72 1 2 71
13 8? 105 72 13 73
14 84 103 72 14 73
15 79 104 72 15 74
18 81 105 72 18 74
17 82 106 72 17 75
18 81 107 72 18 75
19 82 103 72 19 75
20 83 104 72 20 73
2 1 82 108 72 2 1 71
22 82 109 70 22 71
23 83 108 72 23 73
24 88 103 70 24 72
25 82 105 72 25 74
25 83 104 72 28 78
27 84 103 72 28 74
28 83 10 2 70 28 73
29 81 10 0 70 29 70
30 82 1 0 1 70 30 72

After
Activity

ss
ss

ss
ss

ss
ss

ss
ss

ss
ss

ss
ss

ss
ss

ss



APPENXX -  X
I  NIX VI DUAL FULSE RATE OF THE SUBJECTS WHILE COWPER HAULMS CUTTING

NO. Anaemic NO. Non - Anaemic
Before
Supplementation

After
Supplementation

Before
Supplemen­
tation

AfterSupplemen­
tation

Bafore After Before After Before After
Activity Activity Activity Activity Activity Activity

1 80 10 0 76 86 1 72 81
2 81 103 74 82 2 73 82
3 80 10 2 73 87 3 70 80
4 79 10 0 72 80 4 72 81
S 80 1 0 1 72 82 f t 74 83
6 81 99 74 81 6 73 82
7 83 1 0 1 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
1 1 83 109 72 81 1 1 76 85
1 2 86 103 73 89 12 70 81
13 84 10 0 70 84 13 72 81
14 65 105 70 80 14 73 84
15 83 104 70 80 15 73 84
16 80 103 73 81 16 74 65
17 82 10 2 71 80 17 76 87
18 83 105 71 80 18 73 82
19 80 99 71 82 19 76 85
20 81 10 0 71 82 20 72 84
2 1 85 103 71 80 2 1 71 83
2 2 84 104 72 78 22 70 85
23 80 10 0 73 81 23 74 86
24 84 105 73 82 24 74 86
25 85 104 71 81 25 73 83
26 83 105 71 81 26 75 84
27 83 104 70 8 1 27 73 85
28 82 10 1 71 80 28 72 86
29 62 10 2 72 80 29 73 83
30 80 10 0 72 82 30 74 85



APPENDIX -  X
INDIVIDUAL PULSE RATE 0 7  THE SUBJECTS WHILE COW PEAPOD PICKINQ

Annie ______ NO. Non * AnemicNo. Before Supplementation After Supplement Before Aftertatlon. Supplanen-. Supplementa-i tatlonBefore A^ter Before After Before AfterActivity Activity Activity Activity Activity Activity

I 80 88 74 85 1 73 82
2 82 99 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 5 74 83
6 80 91 73 83 6 75 86
7 82 92 73 84 7 74 87
8 78 85 73 81 8 72 80
9 78 86 72 82 9 71 81

10 83 89 73 82 10 74 83
U 84 92 74 84 1 1 75 88
1 2 85 93 73 85 1 2 72 82
13 85 94 70 82 13 71 80
14 84 95 74 81 14 73 84
15 84 95 73 63 15 74 86
15 80 91 72 80 16 72 81
17 81 80 73 82 17 74 82
18 84 93 73 81 18 75 81
19 80 94 73 80 19 74 80
20 82 95 70 80 20 75 86
2 1 84 96 71 80 2 1 74 87
22 85 97 71 79 2 2 73 83
23 81 98 73 81 23 72 81
24 83 98 74 83 24 73 80
25 84 98 73 80 25 71 80
26 82 97 73 80 26 73 81
27 84 95 71 83 27 74 80
28 83 94 73 80 28 75 86
29 81 93 71 80 29 73 86
30 81 92 71 82 30 72 87



APPENUX -  X
X NEK VISUAL PULSE RATE OF THE SUBJECTS WHILE SORGHUM HARVESTING

After Supplenen-
tation_____________tation

Before After Before After Before After
Activity Activity Activity Activity Activity Activity

1 82 94 73 84 1 73 82
2 83 98 74 87 2 72 80
3 84 10 2 74 83 3 70 78
4 84 10 0 74 80 4 72 80S 82 1 0 1 74 83 5 74 84
4 82 103 74 85 4 71 81
7 80 104 74 85 7 72 82
8 80 108 74 80 8 70 so
9 80 105 74 83 9 75 83

10 82 103 72 82 10 72 81
1 1 85 10 2 73 80 1 1 74 82
1 2 84 140 72 82 1 2 72 80
13 85 10 0 74 84 1 2 74 83
14 84 1 0 1 75 84 14 74 84
IS 83 98 74 84 15 73 82
14 82 99 72 82 14 72 83
17 81 99 74 80 17 74 85
18 83 10 2 72 8 1 18 74 84
19 82 105 74 81 19 73 85
20 81 103 74 80 20 74 85
2 1 83 104 73 80 2 1 70 82
22 84 104 72 80 22 74 89
23 83 105 73 80 23 73 90
24 84 108 75 82 24 74 85
2S 83 109 72 80 25 72 92
24 81 10 2 72 82 24 75 89
27 85 104 72 80 27 73 86
28 82 107 70 79 28 75 87
29 82 103 72 81 28 72 89
30 81 104 73 80 30 70 88



APPENHEX -  X
I NIX VISUAL PULSE SATE 0? THE SUBJECTS WHILE WBEDCHO

HO. HO- Hon* Anemic
Before Supplenen- After Suppleroen- Before Aftertation. tation Activity Activity
Before After Befofe AfterActivity Activity Activity Activity

1 83 97 72 88 1 74 84
3 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 75 60
4 83 103 72 81 6 73 84
7 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
1 1 86 10 2 70 86 1 1 75 82
1 2 85 10 0 73 80 1 2 73 84
13 84 104 73 82 13 74 86
14 83 103 72 80 14 73 83
15 83 104 72 80 15 74 30
16 82 10 0 70 80 16 73 82
17 84 99 73 81 17 74 85
18 85 106 73 80 18 75 84
19 86 107 72 80 19 76 86
20 87 108 72 81 20 74 87
2 1 83 107 74 81 2 1 72 88
23 84 108 70 81 22 70 89
23 82 109 74 83 23 74 84
24 83 107 71 80 24 71 89
25 83 103 71 82 25 73 86
26 83 104 71 81 26 74 89
27 8ft 108 71 81 27 75 87
28 84 105 72 81 28 76 85
29 83 10 0 72 80 29 72 84
30 82 103 74 80 30 73 86



APPENDIX - 3QC
XNIXVZDUAL BiQGD PRESSURE 0 7  THS SUBJECTS XH STRAW HARVESTING

AT THE START OF THE STUDY

MUMNde Noa - Anaemic
HO* NO. _________ Blood Prasaure

Bator* Aftar Bafora After
Activity Activity Activity Activity

1 218/00 124/81 1 12C/80 122/81
2 120/80 124/82 2 120/80 123/82
$ 118/80 123/82 3 120/80 124/81
4 11G/80 120/82 4 120/30 123/01
4 113/80 120/83 5 120/80 121/81
4 117/80 120/81 6 110/80 120/80
7 120/80 124/81 7 115/80 117/80
0 120/80 12 4 /8 2 8 120/80 120/80
9 110/70 120/83 9 115/75 117/79

10 110/75 120/80 10 110/70 110/70
U 110/80 120/82 1 1 1 1 Q/B0 120/80
1 2 115/80 120/61 1 2 110/80 1 2 0 /8 1
13 120/80 122/81 13 115/80 120/81
14 120/80 124/82 14 420/80 121/82
15 11V78 122/81 15 120/80 12V82
16 12C/80 122/82 166 12C/78 122/80
17 118/80 125/82 17 120/79 122/80
St 120/80 124/83 18 112/75 118/70
09 12C/80 120/82 19 1 1 5 /8 0 lis/eo
90 118/80 121/82 20 110/79 1 2 0 /8 1
m 110/80 123/81 2 1 110/78 120/80
» 115/75 120/82 23 115/80 120/80
93 110/80 123/80 23 11S/75 12C/80
24 115/80 12 4 /8 2 24 12 0 /0 0 122/81
2S 115/75 124/81 25 n q /8 0 110 /8 8
26 120/80 120/80 2* 120/80 122/80
*7 118/80 120/81 m 115/80 1 2 0 /8 1
23 115/75 122/81 28 117/80 120/80
29 118/78 123/81 29 115/79 120/80
>0 115/78 120/80 38 120/80 122/80



APPENDIX -  XI
I  NEE VX DUAL BLOOD PRESSURE OF THE SUBJECTS WHILE COWPER HADMLS

CUTTING AT THE START OF THE STUDY

Anaerolc Blood Pressure_________ No. Non - Anaemic Bloodww#
Before Activity After Activity Before

Activity
P“ 8S U » After

Aetivit

1 120/80 122/80 1 120/80 122/80
2 121/60 125/80 2 120/80 121/80
3 115/86 120/80 3 110/80 115/80
4 115/80 118/80 4 110/80 117/805 110/75 115/80 5 115/80 117/80
6 110/75 118/78 6 115/80 115/80
7 120/80 122/80 7 110/70 110/70e 122/80 124/80 8 110/75 110/75
9 120/80 122/80 9 115/70 117/72

10 120/80 122/80 10 115/75 117/77
1 1 110/75 115/80 1 1 115/80 118/80
1 2 115/70 120/75 1 2 115/80 118/80
13 120/78 120/80 13 110/80 1 1 5 /8 0
14 118/80 120/80 14 120/80 122/80
1 $ 118/78 120/80 15 120/80 122/80
16 115/80 117/80 16 120/80 120/60
17 120/80 12 2 /8 6 17 118/78 120/80
18 110/75 115/75 18 110/75 120/80
19 110/80 112/80 19 112/75 120/78
20 120/80 121/81 20 120/80 123/80
2 1 120/80 220/80 2 1 121/80 122/80
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 24 180/80 122/80
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 12 4 /8 2 28 115/75 117/78
29 120/79 122/81 29 120/80 120/80
30 120/80 124/80 30 118/80 120/80



APPSNIZX - XL

IN H V H X JA L BLOOD PRESSURE WHILE COWPER POD PICKING AT THE
START 0 7  THE STUDY

NO. _______ Anawdc Blood Pressure_ NO. Non - Anemic Blood
Before Activity After Activity BeforeActivity

Pressure
AfterActivity

1 120/80 121/82 1 120/78 12Q/80
2 120/81 122/82 2 110/75 115/80
3 120/80 122/80 3 110/70 110/70
4 110/75 115/76 4 11C/80 115/60
5 110/70 115/70 5 120/80 122/606 118/80 120/80 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 12V80
1 1 120/81 1 2 1 / 8 1 IV 118/75 120/75
1 2 125/80 126/82 1 2 120/80 121/80
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 12V80
17 120/70 124/70 17 120/80 120/80ie 110/70 115/70 18 11C/80 115/80
19 120/71 120/73 19 115/80 115/80
20 118/78 122/80 20 115/80 118/80
2 1 120/82 122/82 2 1 120/75 121/75
22 115/75 120/75 22 110/75 115/75
23 110/75 115/75 23 115/80 117/80
24 1 1 0 /7 0 115/75 24 120/80 120/80
25 115/75 120/75 25 125/80 127/80
26 115/00 115/80 26 12C/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
30 125/80 130/80 30 120/80 120/80



APPENDIX XI
INDIVIDUAL BLOOD PRESSURE WHILE SORGHUM HARVESTING AT THE START

OP THE STUDY

NO*
Anamic Blood Pressure

NO,
Non - Anaemic 
Blood Pressure

Before Activity After Activity Before
Activity

After
Activity

1 118/80 122/80 1 117/80 120/80
2 118/80 12 4 /8 0 2 115/80 120/80
3 120/80 123/80 3 120/80 123/80
4 116/80 124/81 4 121/80 122/80
S 115/80 120/82 5 120/80 122/80
6 115/75 1 2  0/80 6 120/80 121/80
7 1110/70 115/75 7 115/70 123/75
8 113/80 118/81 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
1 1 120/80 120/80 1 1 120/80 122/81
1 2 118/78 120/80 1 2 120/80 121/82
12 118/75 123/79 13 118/80 120/81
14 110/70 123/80 14/ 115/80 12</81
15 110/80 120/85 15 118/80 12 3 /8 8
16 115/80 120/82 16 119/79 122/81
17 120/80 122/82 17 119/80 122/80
18 120/78 1 2 4 /8 1 18 120/80 125/80
19 120/75 125/80 19 118/78 12 3 /8 0
20 120/80 125/80 20 115/75 124/78
2 1 120/80 125/80 2 1 120/80 123/80
22 117/80 1 2 4 /8 1 22 12 3 /8 0 124/80
23 118/80 123/81 23 123/80 125/80
24 120/80 124/82 24 120/80 12 3 /8 225 120/78 123/81 25 120/80 122/8126 118/70 122/79 26 121/80 1 2 2 /8 127 120/80 122/80 27 113/78 120/80
28 120/80 121/81 28 119/79 120/80
29 118/80 122/82 29 115/70 117/7530 120/80 123/81 30 110/80 115/81



APPENDIX -  XL
INCHVIDUAL BLOOD P R E S S U R E  O F  THE SUBJECTS WHILE WEEDING

AT THE STARS OF THE STUDY

No. Anaemic Blood Pressure NO. 1oa8
Before Activity After Activity

Before
Activity

Pressure
After
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
6 1 2 C/8 0 125/82 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

10 115/60 122/81 10 115/80 119/80
1 1 120/80 122/82 1 1 117/80 120/81
1 2 115/80 120/81 1 2 118/78 120/80
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 12V60
16 120/80 124/82 16 120/80 123/80
17 115/80 126/81 IV 121/80 124/80
IS 118/80 124/82 18 120/80 125/60
19 118/80 123/81 19 120/60 129/82
20 120/80 124/82 20 120/80 120/81
2 1 118/80 122/81 2 1 120/80 121/80
22 120/80 125/83 22 120/81 122/81
23 12G/80 124/83 23 120/80 121/80
24 120/80 127/83 24 120/81 124/81
2S 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
29 115/7 0 120/78 29 118/80 121/81
30 110/75 122/80 30 117/75 121/81



APPEND! X -  X I
I NIX VX DUAL BANAL METABOLIC RATS OP TUB SUBJECTS

Anemic
Basal Metabolic Rate ION
Before Sapp lenten- After Supplementa- tation tion

Bob - Anemia V Basal Metabolic Rate 
MO. ____________124________

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
5 54.60 33.75 5 27.6
6 64.00 37.0 6 28.7
7 46.50 36.0 7 28.5
6 46*60 33.0 8 31.5
9 39.70 35.0 9 40.6

10 38.70 35.0 10 32.7
1 1 53.90 38.0 1 1 34.3
1 2 41.20 35.0 1 2 35.9
13 38.80 35.25 13 34.6
14 46.00 39.00 14 27.3
15 47.00 39.00 IS 32.2
16 45.20 33.00 16 31.2
17 56.80 36.00 17 36.2
18 42*80 37.00 18 27.0
19 49. 20 34*00 19 33*1
20 58.7 37.5 20 33.5
2 1 48.00 36.5 2 1 31.0
22 42.80 33.5 22 26.0
23 52.20 38.5 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 27.0
28. 49.6 37.0 28 36.1
29 44.7 35.5 29 31.0
30 . 47.8 34.5 30 34.6
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APPENDIX « XEXI

INDIVIDUAL VITAL CAPACITY OF THE SUBJECTS

Ana&nie Bon * Anaemic
_ ____  Vital capacity in ml._________Bo. Vital capacity in mlA
Before Supplemen- After Supplemen­

tation tation

2000 2250 2300
2200 2250 2250
2100 2200 2350
2150 2200 2200
2000 2100 2150
2050 2150 2000
2075 2275 2250
2100 2250 2150
2000 2100 2175
2000 2150 2100
2100 2250 2300
1900 2210 2250
1800 2110 2300
1950 2225 2250
2100 2325 2750
1500 1950 2100
1800 2110 2150
2000 2200 21751900 2100 2200
2000 2220 2100
2100 2250 2350
2050 2150 2300
2000 2100 2200
2100 2225 2210
2150 2250 2220
1950 2100 2240
1850 2150 2270
1900 2150 2300
2000 2220 2350
2100 2300 2100



APPENDIX - XIV
INDIVIDUAL NOJK 097 PUT IN TESH8 OF AREA COVERED

(STRAW HARVESTERS)

MO,
Anomie

Area covered in
Non - Anemic

No* Area covered In so*m
Before Supplement After supplemen-

tation t ati on

1 21*0 23*0 1 26,0
2 22.0 25,0 2 26.0
3 20*$ 22,5 3 25.0
4 18.0 23,0 4 27*0
$ 18*0 20,0 5 28,0
4 19*0 22,0 6 29,0
7 20*5 22,5 7 30,0S 18*$ 20*5 8 30,0
9 18*0 20,0 9 28,5

10 18*0 20,0 10 27,0
11 20,0 25,0 11 27.5
12 18,5 20*5 12 28,5
13 18*5 22,5 13 27,5
14 19*0 22*0 14 28,0
IS 18*5 20,0 15 29.0
16 18*0 20,0 16 28.0
17 20,0 22.0 17 29,5
18 19*5 21,0 18 26,0
19 19*0 22*0 19 24*0
20 19*0 22,0 20 26,5
21* 20*5 22,0 21 28,0
22 18*5 20,0 22 29.0
23 19*0 20*0 23 60,0
24 19*5 20,0 247 28,5
25 18*0 22,5 25 25,526 18*5 20,0 26 27,5
27 18*5 20,0 27 29,0
28 18.0 20,5 28 27.0
29 18,5 20,0 29 28.0
30 20*0 20,5 30 27.5



APPENDIX - XIV
XNDL VIEUAL WORK OUTPUT XN TEBHS OF AREA COVERED COHPEA

HAULMS CUTTZ MS

Anaemic Mem* Anaemic
to»a covered in gq.m________ _______  Mo* Area covered in ea.ni

Before S u p p l e m e n - A f t e r  aupplemen-
tation tation

1 20*0 25.0 1 25.0
2 2 1 .0 24.0 2 24*0
3 19.5 26.0 3 26.0 ,
4 19*0 24.5 4 27.5 .
5 18*5 30*0 5 30*0
4 18*0 28.0 6 28*0
7 21.5 28*5 7 28.5
S 18*5 29*0 8 29. Q
9 18.0 27.5 9 27.5

10 19.0 28*0 10 28.0
1 1 19*5 27*5 1 1 27.5
1 2 19*5 28.0 1 2 28.0
13 19.5 27*5 13 27*5
14 18*5 28*0 14 28*0
15 18.0 29.0 15 29*0
16 2 0 .0 29*5 16 29*5
17 2 0 .0 30*0 17 30.0
18 19.5 25.0 18 25.0
19 2 0 .0 25*0 19 25.0
20 20*0 27.5 20 27.5
2 1 20. 0 28.0 2 1 28*0
22 18*0 30.0 22 30*0
23 18*5 29.0 23 29.0
24 19.8 29.5 24 29.5
25 19*5 26*5 25 26*5
26 18*0 27.0 26 27.0
27 19.5 28*0 27 28.0
28 19.0 26.5 28 26.5
29 20*0 26.0 29 26*0
30 20.5 25*5 30 25.5
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APPENDIX XIV
INDIVIDUAL WORK OUTPUT IHTEfiMS OF AREA COVERED

(COHPfiA POD KICKING)
Anaemic Non Anaemic

Area Quantity Areacovered in of pods NO. covered in Pods p:sq.m. picked 
in g.

»q.m. in <

40.0 1500 1 45.0 160041.0 1200 2 48.0 180039.0 1500 3 46.0 175040.0 1200 4 48.0 170038.0 1300 5 50.0 160039.0 1300 6 51.0 170040.0 1400 7 1 47.5 160040.0 1500 «:.d 46.0 175040.0 1000 9 45.0 185038.0 1000 10 45.0 1650

38.0 1500 11 45.3 167039.0 1500 12 47.4 1750
39.0 1000 13 48.5 176038.5 1500 14 48.0 170038.0 1500 15 47.5 180039.0 1400 16 50.0 1800
39.0 1500 17 50.0 185040. Q 1500 18 49.5 175040.0 1000 lO 49.4 180040.0 1500 20 49.0 1775

39.5 1200 21 48.0 175038.5 1200 22 45.0 150038.0 1250 23 46.7 160039.5 1350 24 49.3 180039.0 1450 25 46.0 155040.0 1400 26 47.0 1580
40.5 1500 27 47.5 165038.0 1350 28 46.5 1575
37.5 1250 29 48.0 172538.0 1300 30 47.5 1750



APPENDIX xrv
INDIVIDUAL WORK OUTPUT IN TERMS OP AREA COVERS}

(SORGHUM HARVESTING)

Anaemic Non Anaemic
No* Area covered in sc.m. No. Area covered In 8c.nu

(Before Supple- After Supplegien-
mentation tation

1 25*0 30.0 1 32.0
2 27.5 30.5 2 35.0
3 28*0 32.0 3 33,5
4 29.0 32.0 4 34.5
5 30.0 35.0 5 32.5
6 28.0 34.0 5 31.0
7 28.5 30.5 7 30.0
8 28.5 28.5 8 32.5
9 27.0 30.5 9 33.5

10 25.0 29.0 10 36.0
11 25.5 27.5 11 37.5
12 30*0 32.5 12 35.5
13 30.0 35.0 13 33.5
14 27.5 29.0 14 33.0
15 26.0 28.0 15 34.0
15 28.0 29.0 15 32.5
17 27.5 28.0 17 32.5
18 28.5 30.5 18 32.0
19 29.0 30.5 19 31.5
20 29.5 31.0 20 34.5
21 25.0 28.0 21 35.0

2* 25.5 28.5 22 35.0
23 27.0 27.5 23 35.0
24 28.5 30.5 24 35.5
25 29.0 32.5 25 37.0
25 30.0 32.0 25 34# 0
27 28.0 30.0 27 34.5
28 26.0 27.5 26 32.5
29 27.0 29.0 29 32.0
30 28.0 31.5 30 34.5
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a p p e n q l x  adLv
Z HIS VISUAL WORK OUTPUT ZMTJMRS OP AREA COVERED WEED! 80

Area covered
Ape,
lln

amic
sq.m.

________ Non Anaemic________
n o . Area covered in sq.m.

tatlon tatlon

27.0 28.0 1 33.0
27.5 30.0 2 32.5
28.0 33.0 3 33.5
30.0 34.0 4 30.5
25.5 29.0 6 35.0
26.5 30.0 6 36.5
27.5 30.0 7 37.0
27.5 30.0 8 37.0
30.0 32.0 9 32.5
30.0 33.0 10 37.5
28.5 30.0 11 38.0
29.0 33.0 12 33.0
29.5 32.5 13 34.0
26.5 28.0 14 35.0
26.5 29.0 15 35.0
26.0 28.0 16 35.0
28.5 29.0 17 32.5
27.5 29.5 18 31.0
26.5 30.5 19 30.5
27.5 30.5 20 33.0
28.0 30.0 21 32.5
25.0 28.0 22 33. 0
26.0 28.0 23 32.5
25.0 27.5 24 33.5
27.5 30.5 25 32.5
28.0 29.5 26 32.5
29.0 32.5 27 31.0
27.5 30.5 28 30.5
28.5 30.5 29 34.5
28.0 32.0 30 36.0



APPENDIX -  XV
INDIVIDUAL PULSE EASES DURING BROOM STH3f AS THE START OF

THE STUDS

No* 3rd Minute 6th Minute 9th Minute
Anaemic Non Anaemic Anaemic Non Anaemic Anaemic Non Anaemic

1 95 83 105 94 115 104
3 100 88 111 99 120 109
3 108 76 117 99 124 109
4 105 75 115 88 124 93
5 102 88 118 182 124 111
6 100 85 113 94 120 104
7 88 @8 99 101 111 109
e 88 76 102 90 111 100
9 102 80 113 90 124 102

10 99 85 112 96 120 106
11 92 85 102 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 85 117 95
16 100 89 113 96 123 106
17 10$ 80 115 94 120 104
18 98 86 109 96 118 109
19 98 83 100 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 too
25 95 77 108 85 120 95
26 102 78 118 84 122 95
27 98 80 109 90 118 102
28 100 77 107 68 116 95
29 98 74 110 85 12© 95
30 100 76 112 85 120 95



APPENDIX XVI
INDIVIDUAL WORK OUTPUT INTEHMS OF AREA COVERED

(COWPEA POD PICKING) AFTER SUPPLEMENTATION

Number Area covered 
In sq.m.

Quantity of Pods 
picked

% 45.0 1600
% 47.0 1500
% 45.0 1300
4 43.0 1500
S 40.0 1400
f 43.0 14007 41.0 1400
0 43.0 16009 43.0 1450

10 4.0 120 0
li 40.0 1600
1 2 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
2 1 . 42.0 1400
22 39.5 1300
23 40.5 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



APPENDIX -XVI
INDIVIDUAL BLOOD PRESSURE 07 THE WHILE AFTER SUPPLaiSZTA3SON STRAW HARVESTING

Ho* Before Activity After Activity

1 120/80 122/61
2 110/80 120/803 115/80 120/80
4 11S/80 120/81
5 120/80 122/816 118/80 120/80
7 118/80 122/808 115/75 120/80
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
14 110/75 115/80
15 110/80 120/81
16 115/80 120/80
17 120/80 122/81
18 115/75 120/80
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
30 120/80 121/80



APPENDIX* XVI
INDIVIDUAL BLOOD PRESSURE 0 7  THE WHILE COCAPEA HAUIMS CUTTINGAFTER SUPPLEMENTATION

No#
* » * * * . * « *  « # - * « « * *  

Before Activity After Activity* *  * * « » * * « • * * * * * *

1 110/80 120/30a 120/80 125/80
i 110/70 121/814 115/40 120/82
1 120/80 122/80
4 110/70 120/807 120/80 122/82
• 118/80 122/81
t 118/80 120/80

Id 120/80 122/81

1$ 115/75 123/81
12 120/80 122/81
13 120/80 124/80
14 120/80 124/82
it 120/75 124/80
16 118/70 120/80
17 117/80 123/80
18 115/80 120/80
19 120/80 120/80
20 110/70 120/80

21 110/75 120/80aa 120/80 122/30
23 120/80 121/3024 120/80 121/SO
25 120/80 123/80
26 115/75 122/8027 115/80 121/80
28 120/80 122/80
29 120/80 122/80aa 115/75 122/80

*  * * 4#
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A P P E N d X - XVI
INDIVIDUAL BLOOD PRESSURE OP THE GONPtA POD P IC K  HO

AFTER SUPPLEMENTATION

n»» Before Activity After Activity

120/80 121/80
118/80 125/80
115/80 120/80
110/70 120/80
115/81 120/83120/75 123/80
110/75 120/80
117/80 120/80
120/75 124/81110/75 120/80
110/70 120/80
115/80 120/81
110/75 123/80
115/80 123/81
120/80 122/81
120/82 120/90
118/80 122/80
120/80 121/80
120/80 122/80
115/75 121/80
118/80 122/80
117/80 123/80
120/80 120/80
110/75 120/80
120/80 122/80
110/75 120/80
120/50 120/80
118/80 121/80
120/80 121/80
118/80 122/80



APPENDIX * XVI
INDIVIDUAL BLOOD PRESSURE O f THE SORGHUM HARVESTING

AFTER SUPPLEMENTATION

NO. Before Activity After Activity

i 115/80 12^80
2 115/82 124/813 115/75 120/80
4 120/80 121/819 110/70 120/80

119/78 124/81
7 120/80 124/82
• 120/80 122/82

120/80 120/80
29 120/80 123/80
22 117/80 124/80
12 115/75 124/80
13 115/75 123/80
14 115/75 125/80
25 120/80 121/80
16 120/75 120/80
it 115/75 124/80
29 120/75 122/80
19 117/80 120/80
29 115/80 120/80
22 115/70 120/80
22 118/80 121/80
23 110/70 120/80
24 119/80 124/80
25 115/80 122/80
29 120/80 120/80
27 110/75 115/80
28 120/80 120/80
2t 120/80 123/80
39 120/80 122/80



APPENDIX '- XVI
XNDIVXCOAL BLOOD PRESSURE OF THE WEEDIH3 (HOEING)

AFTER SUPPL£MENTATI ON

tm <►**■«*«• •*•*- '*»*»■» «■ 4* «• «• ■»
Nurobejr Before Activity After Activilgp

1
1
34 
1 
4 7 • 
I

4®

It1415l4y j
17
18 
1®
20

2122
23
24
25
26
27
28
29
30

120/80
115/81
12C/75
120/80
110/80
115/80
115/75
120/80
11G/70
110/70
120/80
115/80
120/80
120/75
115/75
117/75
121/80110/70
115/75117/80
117/80
120/80
120/80
115/70
115/70
120/80
121/80
120/80
115/75120/80

123/80
121/80123/80
122/82
120/82
120/80120/80
124/81
122/81
122/80
122/81120/80
124/80
122/80
120/80
122/80123/80
120/80
123/80
122/60
121/80
122/80
123/80
121/80
122/80
122/80
122/80
122/80120/60
121/80



APPENDIX -  XVII
I W S VIDUAL PULSE RATES WHILE WORKING OX AN STASIS BICYCLE 

ERGOMETER AFTER SUPPLEMENT AH ON

NO, 3rd Minute 6th Minute 9th Minute

1 35 97 105
2 80 91 105
3 84 95 107
4 80 90 102
S 80 92 100
4 80 95 107-
7 80 90 1008 79 87 96
9 82 93 103

19 80 92 102
11 83 94 10212 8$ 90 97
12 80 90 97
14 80 90 103
15 78 89 99
16 82 90 101
IT 82 90 9518 82 89 9419 82 97 104
20 83 90 97
21 81 90 101
22 82 88 95
23 80 92 100
24 80 88 98
25 80 87 99
28 84 96 103
27 80 86 96
28 82 Shift93 100
29 84 93 10230 81 90 99


