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i introduction




No medicine is needed for our body if, 

Willingly we eat the food we need

· Thiruvalluvar

In modern times man is increasingly turning away from nature. His living is becoming more and more unnatural and unrealistic, people spend lots of money to get rid of ailments but relief is nowhere in sight. The reason behind this pathetic situation is that we simply ignore the health giving herbs and plants created by nature and we never think of aligning ourselves with the almighty nature.

Nutrition is an essential input for national development. A healthy well nourished population lays the best foundation for promoting national productivity and progress. Malnutrition is the primary cause of wastage of human resources and a subsequent degradation of society. Women occupy an important position in any effort for controlling malnutrition as they are entirely responsible for the nutritional status of the family and in turn the nation. It is therefore important that women maintain good health in order to shoulder their responsibilities.

Iron deficiency is a major problem in most parts of the world               Bender (2002). Iron deficiency anaemia is the consequence of iron depletion and it is still considered as a most common nutritional deficiency world wide. (Nutrition Clinical Practice, 2008). Nutritional anaemia is defined as a condition resulting from the inability of erythropoietic tissue to maintain a normal haemoglobin concentration on account of inadequate supply of one or more nutrients, leading to reduction in total circulating haemoglobin.

Nutritional anaemia is caused by the lack of any dietary essential that is involved in haemoglobin formation or by poor absorption of these dietary essentials. Some anaemias are caused by lack of either dietary iron or high quality protein or lack of pyridoxine needed for haem synthesis or lack of vitamin C which influence iron absorption. Folic acid, vitamin B12 and pantothenic acid also play a role in erythropoiesis.

In adults, iron deficiency anaemia can result in a wide variety of adverse outcomes including diminished work or exercise capacity, impaired thermoregulation, immune dysfunction, gastro intestinal disturbances and neurocognitive impairment.

Anaemia is most common in all the age groups and wide spread, more among females than males and higher among infants, children and adults.              A world wide anaemia prevalence of about 30 per cent is reported with higher rates in developing countries. Young children and pregnant women are the most affected group with an estimated global prevalence of about 40 and              50 per cent respectively. Anaemia is also prevalent in non-pregnant women to an extent of about 35 per cent (Srilakshmi, 2008).

In India, more than 320 million people are anaemic with the highest prevalence, among women and children. About 40 per cent of pregnant women, 60 per cent children and 50 per cent of adolescent girls are anaemic            (Vijaya et al., 2004).

Prevalence of anaemia among adolescent girls belonging to                         the weaker sections of society was very high upto 97 per cent,                         (Tripathi et al., 2002). According to the latest National Family Health Survey Reports (NFHS-3 2009), 56 per cent of adolescent girls are anaemic.

Women poverty is one of the major cause of backwardness in the country leading to wide spread hunger, malnutrition, ill health, increasing morbidity and mortality from illness, homelessness and inadequate housing. Women have less access to and use of basic health resources including primary health services for prevention and treatment of childhood diseases, malnutrition, anaemia, diarrohoeal disease and tuberculosis (Singh, 2001).

An expectant women should be aware of the symptoms of anaemia, as an adult woman loses an average of two milligrams of iron daily. Women loses approximately 500 milligrams of iron with each pregnancy, compared with a loss of 4-100 milligrams of iron with each period (Cornad, 2009).

Since there is less oxygen available to the cells in the body, anaemic people have less energy to perform normal functions (www.anaemia.org).   The adverse functional effects of anaemia have major social, educational and economic implications on Indian population where physical labourers form the gainful employment for many.

There are several ways to over come anaemia, some well known home remedies are eating vegetables, fruits, dates or figs. They are considered              to give blood which it needs to build up and beat the anaemia                           (Linda et al., 2008).

Iron deficiency may occur, due to inadequate iron supply from their regular diet pattern (or) deficiency may occur because of improper absorption. A wide variety of foods are or will, in the future be characterized as functional foods with a variety of the components affecting a variety of body functions to either a state of well being and health and or to the reduction of risk of a disease (Williams, 2000).

Functional foods must remain as food and it must demonstrate its effects in amounts that can normally be expected to be consumed in the diet, it is not a pill or a capsule but a part of the normal food pattern                  (Robertroid et al., 2007).

Functional foods are foods which are used to prevent some disease and disorders. Many fruits and vegetables are considered as functional foods, as they prevent many disorders (www.functional foods.org).

Fruits and vegetables are unique combination and they are aptly called as functional foods since they provide nutrients and also provide special disease fighting protective agents. Certain vegetables like green leafy vegetables and fruits like amla and watermelon are useful in preventing anaemia (Usha, 2005).

Green leafy vegetables are considered as functional foods because they have specific functions on some disorders, like anaemia, vitamin A deficiency, calcium and iron deficiency. Vitamin C is called as a promoter as it helps in the absorption of iron and green leafy vegetables are the richest source of iron hence rightly called as “Treasure- Trace of Micro Nutrients” and poor man’s diet.

Improving the iron status  by  increasing the dietary iron bioavailability is a practical way of combating iron deficiency anaemia                            (Amirthaveni et al., 2004).

A higher bioavailability of the dietary iron can be achieved by increasing the content of food components enhancing iron absorption (ascorbic acid).  The key role of ascorbic acid for the absorption of dietary non-heme iron is generally accepted. Mainly vitamin C is required for the absorption of iron. Vitamin C is largely present in all the citrus fruits. The reason for its action are two (1) the prevention of the formation of insoluble and unabsorbable iron compounds (2) The reduction of ferric to ferrous iron which seems to be a requirement for the uptake of iron into the mucosal cell (Brune et al., 2002).

Amla is the fruit of a deciduous plant and has been associated with a number of health benefits. Amla is a very good source of vitamin C and it is involved in the absorption of iron. It has been found to have great antioxidant properties. Apart from helping in curing a number of ailments, it also boosts the immune system of an individual. Infact amla is regarded as a widely used herb in case of ayurvedic medicines, owing to its high nutritional value. Amla has also been found to be low in saturated fats, cholesterol and sodium, making it suitable for good health (Rossander 2000).
Ingredients like jaggery, rice flakes and ragi flour, have high content of iron. They are very inexpensive and also easily available. These ingredients are highly acceptable due to their taste and easy digestability and can be used for the preparation of supplements to anaemic individuals.

Supplements of 10mg of iron daily prevents iron deficiency anaemia. Medicinal iron is not well absorbed if there is deficiency of ascorbic acid. Natural foods are easily absorbed in the gastro intestinal tract than medicinal iron (Purushothaman, 1996).

The important strategy for overcoming anaemia is a diet, filled with good, absorbable form of iron from functional food sources as well as other key nutrients like vitamin C.

With this background the study on “Formulation and Evaluation of Iron Rich Functional Food Mixes on Anaemic Adult Women” was planned to identify and supplement the diets of anaemic women with the following objectives:

· To study the socio-economic and dietary pattern of the selected adult women

· To assess the nutritional status of the selected adult women

· To find out the prevalence of anaemia among the selected women

· To develop iron rich, functional food mixes and supplement the diets of anaemic women and

· To evaluate the effect of supplementation on the anaemic status of adult women.

II  REVIEW OF LITERATURE


The literature pertaining to the study on the “Formulation and Evaluation of Iron rich Functional Food Mixes on Anaemic Adult Women” is presented under the following headings,
E. Importance of Nutritional Status of  Adult Women

F. Prevalence and Causes of Anaemia

G. Strategies to overcome Anaemia and

H. Studies conducted on Anaemic Women
A. IMPORTANCE OF NUTRITIONAL STATUS OF ADULT WOMEN

According to Kumar (2006) Women’s health status varies widely both within and among countries because of such factors as local disease prevalence, health related behaviours and women’s educational attainment, exposure to health information and influence on decision making.  Access to health care, poverty, environmental degradation, civilization, conflict and migration also influence women’s Nutritional status.

 Malnutrition is more common in women. The nutritional needs of women are greater in the family of, who eats first and how much. Under nutrition is consistently higher in rural areas 53 per cent (Neetha 2007).
Globally the rate of participation of women in the labour force was               54 per cent in 1950 and 66 per cent in 1990 and are projected to reach almost 70 per cent in 2010. Worldwide they enter the labor market at high rates in their 20s, increase labor force participation through their 30s and 40s and have work only after the age of 50 years. The per cent of household that rely on women’s financial contribution is also increasing nowadays                        (Devadass, 2004).

According to Renuka et al. (2009) antenatal care received by women was significantly lower among illiterate women and also among women labourers and mostly anaemia and tuberculosis were found to be significantly higher among women.

Women poverty is one of the major cause of backwardness in the country leading to wide spread hunger, malnutrition, ill health etc., Women have less access to and use of basic health resources including primary health service for prevention and treatment of malnutrition, anaemia, diarrhoeal disease and tuberculosis (Singh, 2001).

According to Busch (2000) it is hard for women to get enough iron from the foods they eat, it is not that there aren’t enough iron rich food but the problem is that there are many obstacles to absorb the iron from foods. On an average only 10 per cent of the iron eaten is absorbed and iron stores are often lost in menstruation.

Joseph (2007) Reported that women are four times more likely to develop Osteoporosis than men due to the deficiency of calcium and a dramatic drop in estrogen level. One out of every two women will have Osteoporosis.

According to Dorothy et al. (2004) breast cancer rates of all the women white and black are comparable throughout all age groups. 

 India is home to over 100 million adolescent girls. Data from the most recent National Family Health Survey (NFHS), suggest that more than half of this population suffers from anaemia, putting them at risk of increased morbidity, poor work performance and poor pregnancy outcomes                (Christina et al., 2009).
According to Dabbaghmanesh (2009) Iodine deficiency has been identified as a significant public health problem. The IDA patients had a significantly higher thyroid stimulating hormone level than those with a normal serum ferritin level. IDA is especially common among women because of pregnancy and menstrual blood loss. 
WHO (2009) reported that world wide women bear a disproportionate burden of poverty, ill health malnutrition and disease.

Women bear the dual nutrition burden of malnutrition and associated health hazards. In all the states in India, undernutrition continues to be a major problem among women. Indian women appear to be more predisposed to adiposity, insulin resistance diabetes, hypertriglyceridemia and cardiovascular disease (Prema, 2007).

According to National and Family Health Survey – 3, close to one third of Indian women suffer from chronic energy deficiency and have a Body Mass Index of less than 18.5kg/m2 (Hindu, 2008).

B. PREVALENCE AND CAUSES OF ANAEMIA
        Anaemia is a condition where red blood cells are not providing adequate oxygen to body tissues. Haemoglobin, a protein in red cells bind to oxygen and transports it . If haemoglobin is reduced due to decreased number of red blood cells, anaemia results (Weitzman 2007).
        Vijayalakshmi et al., (2004) reported that anemia is estimated to affect 3.5 million individuals in the developing countries and more than 320 million people in India with the highest prevalence among women and children                   40 per cent of pregnant women, 60 per cent of children, 50 per cent of adolescent girls. 
 According to Tripathi et al. (2000) prevalence of anaemia among adolescent girls belonging to the weaker section of the society was very high upto 97 per cent of whom 11 per cent  were suffering from severe anaemia.

The prevalence of iron deficiency anemia exceeds 80 per cent which is directly or indirectly responsible for about 20 per cent of maternal deaths and is also a significant contributor to foetal wastage, premature birth and low infant birth weight (Mehta et al., 2004).

Jane (2007) observed a global prevalence of anaemia among pregnant women to be 41.8 per cent and among non-pregnant women to be 30.2 per cent. According to Badham et al., (2007) globally 818 million women both pregnant and non-pregnant and young children suffer from anaemia and over half of these approximately 520 million live in Asia. where 56 per cent of pregnant women and 68 per cent  of non-pregnant women are anaemic.
According to Bisoi et al., (2010) Global estimates of anaemia prevalence averaged 56 per cent with a range of 35 to 75 per cent depending on geographic location.

According to Jacqueline (2009) who estimates that one-third of the world’s population is anaemic and that 50 per cent of all anaemia can be attributed to  iron deficiency,  this is often exacerbated by infections, diseases such as malaria, HIV/AIDS and Helminth infections.

Spitzer (2008) reported that total body iron in a 70kg man is about 4g. This is maintained by a balance between absorption and body losses, according to Andreasen (2006). In North America, one third of dietary iron is heme iron, but tow thirds of body iron is derived from dietary myoglobin and haemoglobin. 

Moore et al., (2007) observed that anemia affects 20 per cent of all women of child bearing age in the United States. Due to the subtlety of the symptoms, affected women are often unaware that they have this disorder, as they attribute the symptoms to the stresses of their daily lives.

According to Wolinsky et al., (2004) anaemia affects nearly 45 per cent of women from the developing regions of the world and 134 per cent of women from the the developed regions. National health and Nutrition Examination survey (2005) reported that 12 per cent of non pregnant women and 11 per cent of pregnant women of 15 to 49 years of age are anamic.

WHO (2008), estimated that iron deficiency is responsible for approximately 50 per cent of all anaemia cases. Other significant causes the relative contributions of which vary by geographic location include, deficiency of other nutrients, worm infections and a variety of diseases.

According to Laurie et a.  (2007) anaemia prevalence is higher in rural areas compared to Urban area in developing countries where  43 per cent of non  pregnant and 55 per cent of pregnant women  are anaemic.                             In industrialized countries 11 per cent of non-pregnant and 19 per cent of   pregnant women are anaemic.

According to Baral (2009) anaemia is one of the most prevalent conditions in the world and Iron deficiency is the most common cause for it among all others.

David et al. (2010) reported that Iron deficiency anaemia is the most common form of anemia, about 20 per cent of women, 50 per cent of pregnant women and 3 per cent of men do not have enough iron in their body.

William et al., (2007) observed that, the population most affected by anaemia differs between industrialised and non-industrialised countries. In industrialised countries the most affected groups are 18 per cent of pregnant women and 12 per cent of non-pregnant women but in non-industrialised countries 53 per cent of pregnant women and 44 per cent of non-pregnant women are anaemic.

According to Varma (2004) anaemia among adult women was highly associated with low socio economic status, illiteracy, and lower body mass index.

Women loses approximately 500 milligrams of iron with each pregnancy, compared with a loss of 100 milligrams of iron with each period (Roday, 2007).

Anaemia.com (2004) highlighted the commonest cause of anaemia in women to be iron deficiency due to slow loss by blood, because of menstrual loss and in poor countires due to frequent pregnancies among women.

According to Kataki et al. (2002) it is difficult to detect anaemia without testing the blood. Patients with sense anaemia may look pale and if the inside of the lower eye lid and the creases of the palms of the hand are obiviously palu than normal, anaemia is very likely to be present.

Anaemia is frequently associated with scurvy and may be either macrocytic, indicative of folate deficiency. However patients with clear megaloblastic anaemia respond to the administration of Vitamin C alone suggesting that there may be a role of ascorbate in the maintenance of normal pools of reduced folates (David, 2002).

According to Viswanath (2009) Nutritional disorder such as anaemia and obesity are widely prevalent among adolescent and adult women.
Pineropilona et al. (2002) reported that  some patients with new onset diabetes have a mild normochromic, normocytic anaemia, that was not attributable to usual causes, such as infection, pancreatities or blood loss. They proposed that the cause of such cases of anaemia might be either due to “glucose toxicity” to erythrocyte precursors in the bore marrow or perhaps oxidative stress to mature erythrocytes.

Viroj (2006) expressed that amino acids are the minute components of proteins and are important precursors and regulators of erythropoiesis and there is no doubt that protein deficiency leads to anaemia.

The prevalence of iron deficiency anaemia is two per cent in adult men,  9 to 12 per cent in white women and nearly 20 per cent in black women in USA. Nine per cent of patients older than 65 years with iron deficiency anaemia have a gastro intestinal cancer (John, 2009).

According to Aruna et al, (2007) it is found that 76.4 per cent of the adolescent girls were anaemic, with a majority suffering from moderate anaemia and only 23.6 per cent were non-anaemic having haemoglobin levels of 12g/dl.

WHO study (2006) shows that 88 per cent of pregnant Indian               women were found to be anaemic which is the highest among all countries (Halder et al., 2010).

Freire (2000) reported a prevalence rate of anaemia in India to be in the order of 40-88 per cent in pregnant women, 60-70 per cent in children and 50-60 per cent in adolescent girls.

According to Hilary (2000) the prevalence of anaemia was 35 per cent in non-pregnant women of fertile age and  24.7 per cent in adolescent girls in slums.

Beard (2000) reported that IDA, continues to be one of the most prevalent single nutrient deficiency disorder in the world.

Jangid et al. (2002) reported that, anaemia is a major Nutritional problem in India affecting all segments of the population. Tribals are at risk of anaemia and primitive tribes in particular are in more deplorable conditions.

In India 10 to 98 per cent of the population have iron deficiency anaemia (Sharma, 2003).

A study conducted on 1513 rural adolescent girls in Gujarat indicated that 61 per cent of girls were anaemic with haemoglobin <12g/dl (Prakash,2000) In Vadora district in Gujarat, the prevalence of anaemia in adolescent girls was 74.6 per cent (Kotecha et al., 2003). 

According to Prema et al., (2009) the diet of women workers in industry were found to be qualitatively and quantitatively deficient. Calories and protein were significantly low, vitamin C deficiency was observed in 45 per cent of the cases and all the women were clinically reported to be anaemic.

Priya et al. (2009) reported that girls have lower consumption of cereals, pulses, green leafy vegetables and  fruits, and hence anaemia was present in 76.9 per cent of girls of high socio-economic group at Punjab.

Intestinal parasitic infection, due to poor hygienic conditions, interferes with iron absorption by reducing it, thus expanding the prevalence of iron deficiency  anaemia in the developing countries (Musaiger, 2002).

World wide, the majority of iron deficiency is the direct result of low dietary iron content (Richard et al., 2001).

Mayo (2009) reported that a lack of vitamin C in the diet can also cause anaemia. Our body needs vitamin C, found mainly in citrus fruits, to produce healthy blood cells.

According to National Family Health Survey-3 (2004) prevalence of anaemia in India is high because of low dietary intake, poor availability of iron and chronic blood loss due to hook worm infestation and malaria.

Mercy et al., (2002) reported that observational studies that indicate anaemia in pregnancy is correlated with poor birth outcomes and is an important risk factors contributing to the high incidence of low birth weight which is three times greater than non-anaemic women.

According to Durga et al., (2009) during adolescence, IDA not only reduces the work productivity but also leads to complications of pregnancy in the later years.

Iron deficiency anaemia affects a substantial portion of the world’s population, provoking severe health problems to the people suffering these conditions, as wells as important economic losses to regions in which this nutritional deficiency is significant (Iyengar et al., 2003)
C. STRATEGIES TO OVERCOME ANAEMIA

Hortz et al.,(2008) observed that fortification of rice with iron is an efficacious strategy for preventing iron deficiency .

Impact of daily versus weekly hematinic supplementation on anaemic pregnant women was found to be an effective mode of treating anaemia among pregnant women and maternal anaemia during pregnancy is adversely associated with foetal growth (Sunil et al., 2002)

WHO currently recommends that all pregnant women in areas of high prevalence of malnutrition should routinely receive iron and folic acid supplements together with appropriate dietary advice to prevent anaemia (Sonia et al., 2009).

WHO and UNICEF (2002), recommended universal supplementation of iron to pregnant and lactating women, when the prevalence of anaemia in pregnancy is 30 per cent or greater. Iron supplementation has been shown many times to be efficacious for the reversal of anaemia during pregnancy.

According to Micheal et al., (2006) Iron fortification has been successfully carried out in a number of food stuffs, such as fish sauces, curry powder, sugar, salt etc., though few large scale iron fortification programs exist in low and middle income countires.
According to ManMohan Singh (2008) the incidence of anaemia among women and children is at an acceptable level. Large proportion of the population, especially in rural areas, lacks acess to affordable health care. Anaemia among women and girls is to be reduced to half of its present levels by the end of the eleventh plan.

Sujata (2004) reported that India was the first developing countries to take up a National Nutritional Anaemia Prophylaxis programme to prevent anaemia among the pregnant women and children by screening for anaemia and iron.

According to Elson et al.,(2006) iron supplements are strongly recommended when there are increased requirements,as with teenagers and women ,especially with heavy or long menstrual flow and definitely  during pregnancy and lactation when iron needs may triple.

Richard et al. (2009) reported that,National fortification programmes are advised to provide, the use of iron in fortifying complementary foods like rice and wheat flour. These foods are mostly taken by the population. 
According to Winhamt et al., (2008) beans contain several important minerals. One half cup of bean supplies potassium Magnesium and Iron. Almost all varieties of beans contain 2mg of Iron. For vegetarians beans provide a much needed source of iron as the non-vegetarians.

NIN (2000) reported that, Guava fruit is one of the richest source of Vitamin C. it contains 4 to 10 times more vitamin C than do some other citrius fruits. They are also fairly rich in most of the other mineral nutrients.  presence of vitamin C  helps in the absorption of Iron.
Sharma (2003) observed that ascorbic acid helps in preventing anaemia by enhancing the availability of food iron.

In the views of Bajaj et al., (2005) health foods are the best dietary supplement, about one teaspoon full of vitamin C rich quality amla powder is sufficient for enhancing general immune system and also can be included in supplementation for anaemia.

Nithya (2007) observed that daily dose of amla powder can be adjusted with the age, the regular intake of herbal amla fruit powder is highly recommended for all age group people suffering from anaemia.

Chang et al.,(2009) reported that amla or Indian gooseberry, a natural traditional and functional fruit in Asia has a number of physiological benefits. Amla often functions as potent antioxidant due to the higher level of ascorbic acid. Amla extract reduces the oxidative stress.

According to Rao (2002), carrot is a very rich source of iron and if taken with a few pieces of beet root, it is certain to remove anaemia. Include fresh carrots and beet roots, liberally sprinkle with lemon juice and lunch the way to the pink state of health. Vitamin A and Vitamin C would not only keep our body strong but our blood red without any impurities, this is surest cure of anaemia.
Anaemic adolescents were supplemented  with 35g of lotus stem in the form of salad for ninety days. Results showed that lotus stem supplementation brought about a significant improvement in blood haemoglobin, serum iron, Packed Cell Volume levels and reduction in total iron binding capacity levels (Kowsalya 2008).

Food fortification is considered the best approach for preventing iron deficiency, iron supplementation is commonly used for prevention and treatment of iron deficiency anaemia (Wittakas et al ., 2008)

According to Desai (2003) and Huma (2007) a combination of intermittent  preventive treatment and iron supplementation was most effective in the treatment of mild anaemia .

Jus et al. (2000) reported that women were counseled to buy and consume 30-60mg iron and folic acid tablets. Results showed that there was a decrease in the prevalence of anaemia from 23.8 per cent to 14 per cent over a period of 3-4 months.

An ascorbic acid to iron ratio of approximately 6:1 has been reported to increase iron absorption by 2-12 fold in adult women (Zagalita et al., 2001)

Based on differences on iron absorption The Food and Nutrition Board, (2001) recommended that iron intake for vegetarians should be upward by a factor at 80 per cent compared with that of non vegetarians.

Ogen et al. (2008) observed that the absorption of iron from ironbioglycinate was inhibited by milk and enhanced by  ascorbic acid.

Hotz et al.,(2001) reported that complete degradation of phytic acid in wheat, maize, oats, and rice increased iron absorption up to ten fold. 

According to American Dietetic Association (2008) most grain food we eat such as cereals, pasta and breads are fortified with iron to overcome iron deficiency anaemia.

The Institute for Medicine of the National Academics(2008) recommends a daily allowance of 18mg of iron for women aged 19-50 years.

Mozaffari et al., (2009) reported that once-weekly low dose iron supplementation can be effective in improving iron status and in treating iron deficiency anaemia.

Double fortified salt is an effective method to prevent iron deficiency anaemia and goitre (Sattarzaden et al.,2000).

The leaves of fenugreek help in blood formation. The cooked leaves should be taken by adolescent girls to prevent anaemia, lettuce contains a considerable amount of iron and can therefore be used as a good tonic for anaemia (www.homeremedies.com,2008).

Mitchel et al., (2008) reported the benefit of folate fortification and the unlikely occurrence of masking pernicious anaemia is presented in response to concerns that higher dietary folate level could be increased B12 deficiency.

According to Arthi et al. (2004) functional foods are foods which contain adequate amount of one or a combination of components which affected the functions in the body so as to have positive cellular or physiological effects and are termed as designer foods, nutritional foods, medical foods etc.,

According to Webb (2006) functional foods (or) medicinal foods are any healthy or fictional food claimed to have a health promoting or disease – preventing property beyond the basic function of supplying nutrients.                     The general category of functional foods include processed foods or foods fortified with health promoting additives, like vitamin – enriched products fermented foods with live cultures are considered as functional foods with probiotic benefits.

Herbalists consider nettle (Urticadioica) as a nutritious plant source of iron and as well as vitamin C chlorophyll and other mineral and is an effective supplements in the treatment of iron deficiency anaemia (Report in INNVISTA.com 2009).

Willians (2007) recommended that folate therapy in the appropriate doses and route of administration for the prevention and management of anaemia in vulnerable groups have been incorporated as an essential component. 

According to Umar et al., (2008) Iron deficiency can be overcome by fortification and fortificants like ferrous sulphate can be used as a source of iron. In foods like whole wheat and wheat flour, 42 per cent of iron absorption was observed from fortified wheat flour.

 A number of substances in food can promote or inhibit the absorption of the inorganic iron in food. Vitamin C and alcohol increase the absorption of inorganic iron by increasing the amount of inorganic iron insolution either directly or indirectly by increasing gastric acid production. High fibre intake may also have some adverse effect upon iron absorption (Geoffracy, 2006).

According to Bhavani et al., (2004) cauliflower leaves which are normally wasted can be used as a valuable source of micronutrients. Cauliflower greens are good source of iron, which contain about 40mg of iron/100g of leaves. Anaemia can be prevented and the blood heamoglobin level can be successfully elevated by incorporating cauliflower leaves in the dietaries.
Amirtha et al., (2004) reported that the total iron and available iron present in a meal are high, extent of bioavailability can be affected by the presence of inhibitory factors. Thus, methods to reduce the level of inhibitory factors like soaking, sprouting and enhancing factors for iron absorption which include vitamin C and Vitamin A may play a major role in enhancing the bioavailability of iron.

According to INNVISTA Report (2009) Green foods and drinks are essential for anaemia. They are rich in folic acid and many of them are also rich in iron particularly watercress, cabbage families, spinach etc.,

 Mundra (2008)  recommended eating foods rich in vitamin C will help significantly in the absorption of the type of iron found in vegetables. Vegetables which are especially beneficial for the anaemia include parsley, carrot, kale and asparagus.

Inclusion of moderate level of vitamin C in the diet increase the iron absorption. It is shown that the supplementation of iron with absorption enhancers namely vitamin C is a successful approach for combating iron deficiency anaemia (Yegammai et al., 2006).

According to Gupta et al., (2009) green leafy vegetables are rich sources of many nutrients and form a major category of vegetable group that have been designated as “Natures anti aging wonders”.

Vegetables are soft, fleshy, edible plant products and occupy an important place especially in the vegetarian diet. Green leafy vegetables are rich in calcium, iron, vitamin C  and folic acid to overcome many disorders (Nalwade et al., (2002).

According to Gupta (2006) the research findings show that the rural families must be educated to utilize the surplus vegetable in the dehydrated form even when not in season and they contain all the micronutrients. 

According to Swarna et al. (2006) distribution of iron folic acid folates tables and regular deworming may also be condsiderd as the strategies to overcome IDA. 

D. STUDIES CONDUCTED ON ANAEMIC WOMEN

As with supplementation two primary target groups women with powdered milk fortified with iron and vitamin C and women with wheat flour fortified with iron. Powdered milk group showed high absorption than wheat flour due to the presence of vitamin C in powdered milk group                        (Michal et al., 2006).

Richard et al., (2006) reported that chilli and turmeric are the common spices in indigenous diet intropical regions, being rich in phenolic compounds, they could be expected to bind iron (i.e) in the intestine and inhibit absorption in humans. Chilli dry powder contains  25mg of polyphenols and gallic acid which reduce iron absorption from the meal by 38 per cent. Turmeric powder contains  50mg of polyphenols as gallic acid did not inhibit the iron absorption.

In a study by  Luis (2004)  20 patients were chosen for the study both sexes included. Patients took “carao fruit” during a 2 month period. During this time they took only carao fruit extract for their anaemia and no medications were allowed, they were instructed not to make dietary changes. There was an increase in haemoglobin level, the amount of iron was low but it favoured the absorption of iron.

Hallberg et al. (2003)  studied the effect of increasing  iron fortification in white wheat flour from 3mg to 6.5mg of iron per 100g of flour. The prevalence of iron deficiency anaemia in Swedish women also decreased from 25 to 30 per cent.
In another study, Iron rich sweet ladoo was formulated using low cost and locally available ingredients like cauliflower leaves, amaranthus tritis, malted ragi, gingelly seeds and jaggery were supplemented. The result of this study indicated the supplementation of iron rich foods improved the health status of adolescent girls ( Suganya et al.,2009).
Mary et al. (2009) studied  the impact of supplementation of lotus stem powder incorporated in wheat mix and supplemented to adult women and  found that there was improvement in hemoglobin level.

According to Deepika (2010) supplementation with iron and folic acid tablets for 12 weeks to anaemic adult women, increased their haemoglobin concentration.

Thangarathi et al. (2007) reported that intervention programme provided to the adolescent girls of low income families for a period of 4 months brought about a significant improvement.
According to David et al. (2002) anaemia is frequently associated with scurvy and may be either macrocytic or microcytic. Some patients with clear megaloblastic anaemia responded to the administration of vitamin C alone suggesting that there may be a role of ascorbic acid in the maintenance of normal pool of reduced folates.
Sharada (2007) reported that iron rich supplement with locally available foods like jaggery, rice flakes, gardencress seeds and amaranth when supplemented to women belonging to low income families, there was significant improvement in hemoglobin level.
 Latha et al. (2006) studied the effect of supplementation to anaemia group I with iron tablet alone, group II with tablet and carrot and Group III tablet with amarnathus and vitamin C. It was concluded that Group III supplements resulted better iron nutritional status than others.

According to Vasanthamani et al. (2009) a health drink using Iron rich foods namely rice flakes, soya bean, gingelly seeds, ragi and moth beans was very effective in bringing up the haemoglobin level in anaemic subjects.

III   METHODOLOGY
The  methodology adopted for  the study  on the “Formulation  and Evaluation of  Iron  Rich  Functional Food Mixes on Anaemic  Adult Women” is  presented under the following  headings:-
A. Selection of  Area

B. Selection  of  Adult Women 

C. Formulation of  Interview  Schedule

D. Conduct of  Socio -  Economic and Dietary Survey 
E. Assessment  of the  Nutritional Status  of  the  Selected Adult Women 

F. Development  of  Iron  rich  Functional Food  based  Mixes for Supplementation

G. Conduct of Supplementation  Study

H. Evaluation of the Effect of  Supplementation and 

I. Analysis  of  the Data 
A. SELECTION OF AREA

Vedasandur a rural area  in Dindigul  District  was  selected  by  the investigator for the study. Most of  the  people  especially adult women in the area are not  very much aware of anaemia  and  the  foods  to be taken  to  overcome  anaemia . The  other  reasons for  the  selection of this area  were the  co- operation extended  by the  people,  easy  accessibility and familiarity of  the  area to the investigator . Moreover no studies have been conducted with special reference to anaemia among adult women in this area. Hence the investigator felt the need for conducting the study in this area

 B. SELECTION OF ADULT WOMEN


A  random  sample is one in which  each  unit  of population  has  equal chance of  being  included  in it  (Gupta, 2007).


A  total of 150 women in  the  age  group of  20-40 years  were  selected  at random  from the  different  localities in the area  for  the study. All the women were screened for anaemia based on blood haemoglobin level estimated through cyanmethaemoglobin method and categorised into mild, moderate and severe anaemia groups. Most of the women included for the study were mill workers and mostly involved in moderate activity and suffering from moderate or mild anaemia. In addition, women were also selected from near by areas.

C. FORMULATION OF INTERVIEW SCHEDULE

 
A Schedule is a form containing some  questions or  blank tables which  are to  be filled by the  research  workers  after  getting  information from  the  informants. The schedule may contain, direct questions and presented by the   interviewer and the answers are noted down by the investigator               (Saravanavel,  2007).


An  interview  Schedule is a  method of  collecting data and  involves  presentation of  oral – verbal  stimuli and reply  in terms  of  verbal- oral  responses. The interview method is said to be the easiest and the most   reliable method  of  collecting  data (Kothari, 2000).

Keeping  the  objectives  of the  study  in  mind , an interview  schedule was  formulated  to elicit  information  from  the  selected  women  on the  socio economic status such as monthly income, type of family, age, educational status and  occupation  of  family  members. The  schedule also  included  details  on  food  consumption pattern,  awareness  about  functional  foods  and  their use  in  their  diet  and  daily  meal  pattern. The interview  Schedule was pre tested on 10 adult  women  and relevant  modifications  were  done  before  using, for the present  study (Appendix I).

D. CONDUCT OF THE SOCIO - ECONOMIC AND DIETARY SURVEY 
The investigator met the women and explained the objectives and procedures. They were motivated to extend their full co-operation. The  interview schedule was administered  to the  selected 150 adult women  during  the lunch  time  in the  mill  premises  and  during  home  visits for  other  women.  Details were collected individually  by  the  investigator  by interview  method and  recorded (Plate 1).
Plate 1
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E. ASSESSMENT OF THE NUTRITIONAL STATUS OF THE SELECTED ADULT  WOMEN

 
Nutritional status assessment will help the researchers to know more   about the health and to identify those who need supplementation and  counselling. The methods are termed as ABCD’s of Nutritional Assessment such as Anthropometric measurement, Biochemical test, Clinical observation  and Dietary Intake (Donkors et al., 2004).

The  Nutritional Status  of all  the 150 adult women  were  assessed  by anthropometric measurements, biochemical tests,  clinical examination and  dietary  Survey.

I. Anthropometric Measurements

The  most basic  measurements such as heights  and  weights  are functional  to all nutritional  anthropometric studies,  since  they  give  the  simplest measure of the attained skeletal size (height) and soft tissue mass(weight) (Geissler, 2005).

Among the various anthropometric measurements heights and weights were used in this study.                     

a. Height 


The standing height of adults can be determined with a tape measure fixed to a wall and a sliding right angle head board for reading the measurement (Insel et al., 2009).

Height of all the 150 adult women were measured initially using a non-stretchable tape fixed to the wall and the women were asked to stand straight with heels and without footwear, shoulders touching the wall and arms hanging at the sides in a natural manner. Head was held erect and the women placed gently over the head so that it touched the head and without paralax error and the readings were recorded nearest to 0.1cm (Plate 2).
b. Weight 


According to NIN (2005) weight is the most important anthropometric measurements in use body weight is a simple measure of total body components and growth and therefore changes in body weight do not provide any insight into the relative changes in each component. Body weight is generally compared to an ideal or desirable weight (Micheal et al., 2005) (Plate 3).

Plate 2 & 3
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Weights of all the 150 adult women were taken using a portable weighing balance. Minimum clothing without foot wear and not immediately after meal were the precautions followed while taking the measurements.              The weights were recorded accurately to the nearest 0.1 kg.
c. Body Mass Index (BMI)


Body Mass Index represents the degree of adiposity, it is a mathematical formula that correlates with body fat and is expressed as weight in kilograms divided by height in metre square (Mohan et al., 2008).

The normal BMI for the selected adult women were calculated with their height and weight measurements  by using the formula.


BMI =   
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The range within which a person’s BMI falls will help to determine whether they are of a healthy weight for their height.
2. Biochemical Assessment 


The way to detect a developing deficiency, imbalance or toxicity is to take samples of blood or urine, analyse them in the laboratory and compare  the results with normal values of a similar population. The goal of nutrition assessment is to uncover early signs, before symptoms appear and laboratory tests are more useful. In addition, they can confirm suspicions raised by other assessment methods (Whitney 2006).


According to Singh et al. (2001) cyanmethaemoglobin method provides correct values of haemoglobin. Hence for research studies cyanmethaemoglobin method can be used to provide accurate results.


Accordingly 0.02 ml of blood was collected from all the 150 women by finger prick method and they were estimated for haemoglobin by using cyanmethaemoglobin method (Plate 4). The biochemical test was conducted by the laboratory technicians and the values obtained were recorded.

Plate 4
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3. Clinical Examination 


In a clinical nutrition examination, the clinician observes the hair, nails, skin, eyes, lips, mouth, muscles and joints (Insel, 2004).


Clinical assessment was conducted by the investigator for all the 150 women, to identify the deficiency signs that might be present. Special attention was given to areas where nutrition deficiencies appeared.                      The observations were entered in a modified clinical assessment schedule.

4. Food consumption and food intake data

Food consumption is one of the important determinants of nutritional status, hence dietary assessment forms an integral part of Nutritional survey  (Despande 2001). The questionnaire developed also contained questions on dietary informations such as type of diet consumed, skipping of meals, and cooking methods used.

A three day record is generally sufficient for determining the overall food and nutrient intake careful instructions for accurate recordings are necessary (Willians, 2000)


Three days dietary recall was done for all the adult women selected for the study. A 24 hour dietary recall is the simplest form of dietary intake data collection. In a 24 hour recall, the interviewer takes the client through a recent 24 hours period to determine what foods and beverages the client consumed (Donkoss et al., 2004). 

A 24 hour recall was done to the group of women selected for supplementation study to assess their food and nutrient intake using standardised cups and measures (Appendix II) .Raw equivalents were found out and using the ICMR, Nutritive value of Indian foods (2004) the nutrient intake was calculated and compared with Recommended Allowances.

F. DEVELOPMENT OF IRON RICH FUNCTIONAL FOOD BASED MIXES FOR SUPPLEMENTATION



Supplementary food mixes were developed for anaemic adult women, including all iron rich foods. The supplement was developed in a powder form so that it can be easily taken by them 


The ingredients used for the mix included Ragiflour and Amaranthus tritis as they contain more iron, easily available and inexpensive. Jaggery was used in the mix which helped to impart sweetness, helps in binding all the ingredients and also easily and locally available in nature. In addition to all the iron rich functional food ingredients, amla was also used since it contained ascorbic acid which may enhance iron absorption.

A higher bioavailability of the dietary iron can be achieved by increasing the content of food components enhancing iron absorption                      eg:- Ascorbic Acid [amla / oranges]. The key role of ascorbic acid for the absorption of the dietary non-heme iron is generally accepted [Hall                    bergel et al., 2000].
Whatever be the form of amla, the nutritional value remains the same. It is the top source of vitamin C. Fresh, frozen, dried and powder amla can used in any form, the benefits are same (Vidhya lakshmi, 2006).
The dehydrated amla contains 600mg of Vitamin C as the fresh amla.

The iron content of the 100 g each of the selected food items include ragi flour 3.9mg, riceflakes 20mg, jaggery 2.64mg, amaranthus tritis 38.5mg. The supplement mix in the powder form can be stored for 8-10 days.
The following Table, Plate 5 and Plate 6 give the composition of the foods included for the three experimental food mixes and the prepared mixes.

COMPOSITION OF THE IRON RICH FOOD MIXES

	Ingredients
	Experimental
	Control

	
	Group I  (g)
	Group II (g)
	Group III (g)
	Group

	Rice flakes

Jaggery

Amla powder

Ragi flour

Amaranthus

 Tritis (powder)
	20

20

5

-
-
	20

20

5

10
-
	20

20

5

-
5
	-

-

-

-
-


G. CONDUCT OF SUPPLEMENTATION STUDY

Supplementation is taking in a macro or micronutrient through some other means than the regular diet. Many people supplement vitamins and minerals because their poor dietary choices leave them with short falls in vital nutrition. Instead of taking pills as supplement, look for a product that gives all the necessary vitamins and minerals in the form of food can be valuable.  (www.mousmeesood@yahoo.com.2006)


Based on biochemical assessment through haemoglobin and clinical status 30 anaemic adult women were selected and grouped into three experimental and one control group. Information on food allergy or dislike towards certain foods added in the supplements was also collected. Those who expressed allergy or disliked the products were not included in the study.

The supplement mixes were given to adult women inside the mill premises between 11.00a.m to 12.00p.m. Every day they signed a register after getting their supplement mix. This record was used to check the regular intake of the supplement mixes. Each supplemented product weighed about 25 grams, 30 grams, 35 grams and  they were packed in a protected air tight covers and distributed to adult women. Weekly once the ladoo’s were prepared, and they can be stored for 7 to 8 days. The cost of the supplement mixes are Rs.27.50, 29.40, Rs.33.80 for 100g.

Plate5 [image: image5.jpg]FORMULATION 1
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FORMULATION 2

A - Rice flakes

B - Jaggery
C - Amia powder
D - Ragi flour

FORMULATION 3

A - Rice flakes

B - Jaggery
C - Amla powder
D - Amaranthus tritis powder

PLATE 5
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1.1 EVALUATION OF THE EFFECT OF SUPPLEMENTATION 


After 3 months of supplementation, the effect of supplementation was evaluated through Anthropometric assessment, biochemical evaluation as haemoglobin values and changes in the clinical symptoms following the same procedures explained at the beginning of the study. The changes were compared with the before and after conditions and between the control group.

I. ANALYSIS OF THE DATA 


The data thus obtained was consolidated, tabulated and necessary statistical analysis were carried out to find out the effect of supplementation of the iron rich functional food mixes on the selected anaemic adult women.


The overall research design of the study is presented in Figure 1.


















vi results and discussion


The results of the present study on the “Formulation and Evaluation of Iron Rich Functional Food mixes on Anaemic Adult Women”, are presented and discussed under the following headings:

A. Socio Economic Background of the Selected Adult Women

B. Dietary Pattern of the Selected Adult Women

C. Nutritional Status of the Selected Adult Women

D. Health Status of the Selected Adult Women

E. Nutrient Content and Cost of the Supplement Mix 

F. Effect of Supplementation on the Anthropometric Measurements of the Adult Women and
G. Effect of Supplementation on the Haemoglobin levels and Clinical Symptoms
A. Socio Economic Background of the Selected Adult women 

1. Age group of the selected Women

Table I
Age distribution of the selected Adult women
                                                              (n=150)
	S.No.
	Details
	Number
	Per cent

	1.

2.

3.
	20 – 29 years

30 – 39 years

40 years and above
	95

48

7
	63

32

5

	
	Total
	150
	100


Regarding the age of the selected women, a majority of 63 per cent of them belonged to the category of 20-29 years, 32 per cent of the women came under 30-39 years and only 5 per cent were above 40 years. 

2. Type and size of families


Table II presents the type and size of families of the selected women.

Table II

Type and size of families
(n=150)
	S.No.
	Details
	Number
	Per cent

	1.

2.
	Type of family

Joint

Nuclear
	27

123
	18

82

	
	Total
	150
	100

	1.

2.
	Size of family

2 – 4

4 and above
	88

62
	59

41

	
	Total
	150
	100



It is observed that a majority of 82 per cent were of nuclear families  and only 18 per cent were of  joint families. Regarding the size of family                59 per cent had 2-4 members, and 41 per cent had more than f4 members in their families. The findings revealed the fact that in the present days, increased number of nuclear families and small sized families are highly prevalent.

3. Educational status of the adult women


Table III and Figure 2 present the educational status of the selected adult women.

Table III

Educational status of the adult women
(N=150)

	S.No.
	Details
	Number
	Per cent

	1.

2.

3.

4.

5.
	Illiterates

Primary school

Secondary school

Higher secondary school

Under graduates
	6

7

33

41

63
	4

5

22

27

42

	
	Total
	150
	100
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FIGURE 2

Among the surveyed group only four per cent of the women were illiterates and another five per cent had primary education, 22 per cent had secondary and 27 per cent had higher secondary education. It is very much appreciative that 42 per cent of women being the highest percentage had studied upto college education.

4. Occupational status of the adult women


The occupational status of the adult women is given in Table IV and Figure 3.

Table IV
OCCUPATIONAL STATUS of the selected women
(N=150)

	S.No.
	Details
	Number
	Per cent

	1.

2.

3.
	Government sector

Private sector

Homemakers
	2

60

88
	1

40

59

	
	Total
	150
	100


A maximum of 59 per cent of women were only homemakers followed by 40 per cent employed in private sector jobs, whereas only one per cent was employed in a government office.

5. Type of occupation of the adult women

Type of occupation of the adult women based on activity pattern is given in Table V.

Table V
TYPE OF OCCUPATION OF THE ADULT WOMEN
(N=150)

	S.No.
	Occupation
	Number
	Per cent

	1.

2.

3.
	Sedentary

Moderate

Heavy
	89

61

–
	59

41

–

	
	Total
	150
	100


Among the selected adult women, 59 per cent of them were involved in sedentary work and 41 per cent were moderate workers, no one was involved in heavy work.

6. Monthly income of the adult women


Table VI and Figure 4 give the details regarding the monthly income of the adult women.

Table VI
MONTHLY INCOME OF THE ADULT WOMEN

	S.No.
	Income in Rs*
	Number
	Per cent

	1.

2.

3.
	<Rs.4000

Rs.4001 – 7000

>Rs.7000
	41

14

7
	28

9

5

	
	Total
	62
	42




* HUDCO (2004)
All the selected women were working outside their home either in small or big jobs. As far as income is concerned, 28 per cent got less than Rs.4000, nine per cent received Rs.4001-7000 and only five per cent had a monthly income more than Rs.7000.


[image: image8.emf]1%

59%

40%

Government sector Private sector Homemakers


OCCUPATIONAL STATUS of the adult women

figure 3

[image: image9.emf]67%

21%

12%

<Rs.4000 Rs.4001-7000 >Rs.7000


MONTHLY INCOME OF THE ADULT WOMEN
FIGURE 4
7. Monthly income of the families

The information regarding monthly income of the families is given in Table VII.
Table VII
monthly income of the families
(N=150)

	S.No.
	Details*
	Number
	Per cent

	1.

2.

3.
	<Rs.4000

Rs.4001 – 7000

>Rs.7000
	2

29

119
	1

20

79

	
	Total
	150
	100


* HUDCO (2004)
Regarding the monthly income of the families, 79 per cent earned                more than Rs. 7000 whereas 20 per cent received Rs. 4001-7000 and only one per cent received less than Rs. 4000 per month. The survey revealed that majority of the families belonged to high income category.
B. DIETARY PATTERN OF THE SELECTED WOMEN

1. Type of diet consumed by the selected women


Table VIII presents the type of diet consumed by the selected women.

Table VIII
TYPE OF DIET CONSUMED
(N=150)

	S.No.
	Type of diet
	Number
	Per cent

	1.

2.

3.
	Vegetarian

Non-vegetarian

Ovo-vegetarian
	38

112

–
	25

75

–

	
	Total
	150
	100


With regard to type of diet, 75 per cent of the women were consuming non-vegetarian foods and 25 per cent of the women were consuming only vegetarian foods.

All the women were consuming more than three meals daily.

2. Skipping of meals

Details regarding skipping of meals by the adult women are presented in Table IX.

Table IX
SKIPPING OF MEALS by the women
	S.No.
	Details
	Number
	Per cent

	1.

2.

1.

2.

3.
	Yes

No

Meals skipped

Breakfast

Lunch

Dinner
	59

91

55

2

2
	39

61

37

1

1


Regarding skipping of meals, 69 per cent of the women did not skip their meals but 39 per cent skipped their meals. Among them a majority of women skipped their breakfast and only one per cent of women skipped their lunch and dinner.

3. Cooking methods practiced by the families:

Table X presents the details regarding cooking methods practiced by the families of the adult women.

Table X
cooking methods practiced by the families
	S.No.
	Cooking methods*
	Number
	Per cent

	1.

2.

3.

4.

5.

6.
	Frying

Stewing

Boiling

Steaming

Pickling

Pressure cooking
	134

50

150

150

40

30
	89

33

100

100

27

20



*Multiple response

Regarding the cooking methods, it is found that all the women practiced boiling and steaming methods of cooking, where as 89 per cent of the women preferred frying. About 33 per cent of the women used stewing method and 27 per cent of the women used pickling and only 20 per cent of them used pressure cooking as a method of cooking.

4. Food allergy experienced by the adult women

Details regarding food allergy experienced by the adult women are gives in Table XI.

Table xi
food allergy experienced by the women
	S.No.
	Details
	Number
	Per cent

	1.

2.

1.

2.

3.

4.

5.
	Yes

No

Allergic foods
Brinjal

Yam

Potato

Pickles

Noodles
	24

126

15

5

2

1

1
	16

84

63

21

8

4

4


            It is observed that, 84 per cent of the women did not have any food allergy and only16 per cent of the women had some food allergy. Among them 63 per cent expressed allergic reactions to brinjal and 21 per cent reactions to yam. The other allergic foods expressed included potato, pickles and noodles.

5. Exercise Pattern 


Details regarding the type and duration of exercise practiced by the adult women are discussed in Table XII.

Table XII
TYPE AND DURATION OF EXERCISE PRACTICED BY                                   THE ADULT WOMEN
	S.No.
	Exercise pattern
	Number
	Per cent

	1.

2.

1.

2.

1.

2.

3.

4.
	Yes

No

Type of exercise*

Gardening

Walking

Duration of exercise

<½ hour

½ - 1 hour

1 – 2 hour

>2 hour
	48

93

5

47

22

26

0

0
	32

62

3

31

14

18

0

0


*Multiple response.

It is clear from the table that 62 per cent of the women were not involved in any physical activity whereas 32 per cent of the women were doing exercise like walking and gardening. The duration of exercise was found to be less than ½ hour among 14 per cent of women and ½ - 1 hour among 18 per cent of women.

Among the selected adult women 75 per cent of them were having the habit of chewing betel leaves and 75 per cent of them did not have the habit of chewing.

6. Food consumption pattern

The frequency of consumption of foodstuffs by the adult women is discussed below:


The usage of rice was the highest, all the adult women consumed rice daily followed by wheat. Ragi was taken monthly once by a maximum percentage of adult women. Cereals like bajra and thenai were  used rarely.


Among pulses redgram dhal was mostly used daily, next came blackgram dhal, greengram dhal and others like bengal gram dhal were used weekly once.


Among roots and tubers, potato was used a maximum, yam and carrots were taken monthly once, others like radish was used weekly once.


Among green leafy vegetables, amaranthus was used weekly once, manathakkali and kuppameni were used occasionally, other green leafy vegetables were used monthly once.


Almost all the other vegetables were used once a week, few vegetables like pumpkin and turnip were used rarely.


Among fruits, banana was used daily, mango was used during season, Amla was occasionally taken. Other fruits like guava, apple, pineapple and pomegranate were used rarely. Sometimes once a week which may be due to seasonal availability.


Among oils, all the women used gingelly oil daily for cooking and coconut oil was used occasionally, others like ghee and butter were used monthly once or occasionally.

         Almost all of them used milk daily, curd and butter milk were used twice in a week, others like cheese was used rarely.  Sugar was used daily by all the women, jaggery was used twice a week and palm sugar was used occasionally.


Among fleshy foods, egg and chicken were consumed weekly once, mutton and fish were consumed monthly once, others like crabs and prawns were rarely consumed.


Among the prepared foods, pickles and papads were taken twice a week, others like noodles were used once in a while by most of the adult women.


Among beverages, tea and coffee were consumed daily and others like cola and horlicks were consumed monthly once.

7. Dietary pattern of the selected adult women

A three day dietary pattern was recorded for all the 150 adult women, the data showed  that most of the adult women, had coffee in the morning and some of them had tea and few of the adult women had milk in the morning.

For breakfast, a maximum number of adult women consumed tiffin like idly, dosai, pongal etc. and few of them had meals like rice, sambar or curd rice in the morning.

For mid morning, some of the adult women, had tea and few of them were having buttermilk or juice and maximum number of the adults did not have anything in the mid morning.

Most of the adult women had full meals for lunch and very few of them to had variety rice like coconut rice, tomato rice, lemon rice etc.

For tea, majority of the adult women consumed tea in the evening where as few of them had coffee also, very few of the adult women consumed snack items like savouries, vadai etc for tea.

For dinner, majority of the adult women had tiffin items like idli, chappathi, dosai and the rest had meals.

During bedtime, only some of the adult women consumed milk and very few of them took dates and banana along with milk. 

8. Mean food intake of the selected adult women


Table XIII and Figure 5 present the mean food intake of the selected adult women compared with ICMR (1981).

Table XIII
MEAN FOOD INTAKE OF ADULT WOMEN

(N=150)
	S.No.
	FOODS(g)
	ICMR (1981)

(g)
	Mean food intake(g)
	% Deficit

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.
	Cereals

Pulses

Green leafy vegetable

Roots and tubers

Other vegetable

Milk and milk products

Oil

Sugar

Fruits

Fleshy foods
	440

45

100

50

40

150

25

20

30

30
	274.8

42.6

21.6

32.3

28.8

113.8

16.3

16.8

18.8

7.5
	-37.5

-5.3

-78.4

-35.5

-28.1

-24.2

-35.0

-18.5

-15.0

-75.0



       The mean food intake of the adult women revealed a deficit of 78.4 regarding the intake of green leafy vegetables. A deficit of 35-37.5 per cent was observed among the intake of cereals, roots and tubers and oil. All the other foods were also taken at a deficit level compared to recommended allowances.
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9. Mean nutrient intake of the selected adult women

The mean nutrient intake of the selected adult women is given in    Table XIV and Figure 6.
Table XIV
MEAN NUTRIENT INTAKE OF ADULT WOMEN

(N=150)
	S.No.
	Nutrients
	ICMR (2001) RDA
	Mean nutrient intake
	% Deficit

	1.

2.

3.

4.

5.

6.
	Energy(kcal)

Protein(g)

Fat(g)

Calcium(mg)

Iron(mg)

Vitamin C(mg)
	2225

50

20

400

30

40
	2120

33.3

10.5

218

14

12.39
	-4.7

-33.4

-47.5

-45.5

-53.3

-69.0



The mean nutrient intake of the adult women revealed that their diets were deficient in all the nutrients when compared to the values recommended by ICMR (2001).The deficit was found to be maximum for vitamin C and iron, protein, fat and calcium intake was also found to be inadequate ranging from 33.4 to 53.3 per cent. Only energy intake was deficit by 4.7 per cent. In general, a deficit intake of nutrients was observed among all the selected women.
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C. NUTRITIONAL STATUS OF THE SELECTED ADULT WOMEN

1. Weight of the selected adult women


Table XV presents the range of weight of the selected adult women.

Table XV
weight of the selected adult women
(N=150)

	S.No.
	Weight (in kg)
	Number
	Per cent

	1.

2.

3.
	<50

51 – 60

61 – 70

>70
	29

75

32

14
	19

80

22

9

	
	Total
	150
	100



From the table it is evident that a maximum percentage of the selected adult women had body weight between 50-60kg whereas 22 per cent of the women weighed between 61-70 kg body weight, 19 per cent of the women weighted less than 50kg of body weight and only nine per cent of the women had more than 70kg of body weight.

2. Height of the selected adult women


Table XVI presents the height range of the selected adult women.

Table XVI
Height of the selected adult women
(N=150)

	S.No.
	Height (in cm)
	Number
	Per cent

	1.

2.

3.
	146-155

156-165

>165
	63

76

11
	42

51

7

	
	Total
	150
	100



It is clearly observed that, 51 per cent of the women were between 156-165cm in height and 42 per cent of the women were between 146-155cm in height. Only seven per cent of the women were above 165cm.

3. Comparison of the height, weight measurements with reference values

The mean height and weight of the selected adult women compared with NCHS values are given in table XVII 
Table XVII
Mean Height and weight compared with reference values

(n=150)
	S.No.
	Details
	Reference value*
	Present study

	1.

2.
	Height (cm)

Weight (kg)
	163.7

50.0
	158.7

55.47


                 *NCHS (2005)

A comparison of the mean height of the selected women with NCHS value revealed that the values was lesser than the reference values. On the other hand, the mean weight of the selected women was found to be more than the reference values. This reveals that most of the adult women selected were shorter and heavier.
4. Body Mass Index


Body Mass Index values of the adult women are given in Table XVIII and Figure 7.

Table XVIII
Body mass index values of the adult women 
(N=150)

	S.No.
	Body Mass Index
	Category
	Number
	Per cent

	1.

2.

3.
4.
	<18.5

18.5 – 24.9

25 – 29.6

30 – 40
	Underweight

Normal

Overweight

Obese
	12

84

40

14
	8

56

27

9

	
	Total
	
	150
	100



 The Body Mass Index was calculated using the height, weight data for all the adult women and it was observed that 56 per cent of the adult women
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had normal BMI, 27 per cent of the adult women were overweight, nine per cent  were obese and only eight per cent of the adult women were underweight. 

It is noted that among the150 adult women 24 per cent of them were pregnant during the study period.

It is also noted that, 88 per cent of the adult women were not aware of the functional foods and only 12 per cent of the adult women were aware of such foods. Most of the adult women, reported that garlic was given to cholesterol patients and some of them reported that green leafy vegetables were given to anaemic individuals.


It is noted that 85 per cent of the adult women were not under medication and only 15 per cent of the adult women were under medication.
D. HEALTH STATUS OF THE SELECTED ADULT WOMEN


The survey findings revealed that 58 per cent of the adult women were suffering from anaemia and 42 per cent of the adult women were normal


It is also clearly noted that a maximum of 38 per cent of the adult women had anaemia for the past seven months to one year, one per cent of the adult women had anaemia within 1-2 years.

1. Biochemical examination


Table XIX and Figure 8 shows the haemoglobin values of the selected adult women.

Table XIX
haemoglobin values of adult women
(N=150)

	S.No.
	Haemoglobin* (g/dl)
	Category
	Number
	Per cent

	1.

2.

3.
4.
	>11

9 – 11

7 – 9

<7
	Normal

Mild

Moderate

Severe
	60

40

44

6
	40

27

29

4

	
	Total
	150
	100



*ICMR (1993)
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Based on ICMR (1993) classification nearly 40 per cent of the adult women had normal haemoglobin values. Twenty nine per cent of the adult women were moderately anaemic, 27 per cent of the adult women were mildly anaemic and four per cent of the adult women were severely anaemic. 

The mean hemoglobin values were found be 10.04 g/dl±1.93 which is   less than the normal values of 12g/dl suggested for adult women                                   (ICMR, 1993). 
2. Symptoms of anaemia


The clinical symptoms of anaemia reported by the selected adult women is given in Table XX.

Table XX
Clinical SYMPTOMS OF ANAEMIA
(N=150)

	S.No.
	Symptoms*
	Number
	Per cent

	1.

2.

3.
4.

5.

6.

7.

8.

9.

10.

11.
	Loss of hair

Head ache

Tiredness

Dimness of vision

Dryness

Odema

Weight reduction

Pallor of nails

Shortness of breath

Pallor of skin

Pallor of tongue
	92

75

60

30

21

18

6

4

4

3

1
	61

50

40

20

14

12

4

3

3

2

1




* Multiple response


It is observed that a maximum of 61 per cent of the adult women had loss of hair and 50 per cent of the adult women suffered from head ache,              40 per cent experienced tiredness, 20 per cent of the adult women reported dimness of vision, 14 per cent reported dryness of skin and 12 per cent reported weight reduction. The other clinical symptoms reported included pallor of nails, shortness of breath, pallor of skin and pallor of tongue.                  This finding is similar to the value of 4.23 per cent women expressing tiredness as a symptom of anaemia in Tamil Nadu according to NNMB (2003) data. 

3. Health problems faced by the selected women


Table XXI presents the health problems faced by the selected adult women.

Table XXI
PROBLEMS FACED BY THE SELECTED WOMEN

(N=150)
	S.No.
	Details*
	Number
	Per cent

	1.

2.

3.
4.
	Irregular menstruation

Excessive bleeding

Stomach pain

Others
	22

31

58

1
	15

21

38

1




* Multiple response


It is observed from the table that a maximum of 38 per cent of the adult women had stomach pain and 15 per cent of the adult women had irregular menstruation and 21 per cent reported excessive bleeding. The findings revealed some kind of irregularities of menstruation among the adult women under study.

4. General Clinical Examination

       The details regarding general clinical examination is given in Table XXII.

Table XXII

GENERAL CLINICAL EXAMINATION
(N=150)
	S. No.
	Symptoms*
	Number
	Per cent

	1.

2.

3.
4.

5.

6.

7.
	Nausea

Dry or Rough skin

Dental caries

Discoloured hair 

Bleeding gums

Bitot’s spot

Fatigue
	53

42

28

21

12

12

7
	35

28

19

14

8

8

5




*  Multiple response


It is seen from the table that 35 per cent of the adult women had nausea, 28 per cent of the adult women had dry or rough skin, 19 per cent had dental caries, whereas 14 per cent reported discoloured hair. The other clinical symptoms like bleeding gums, bitot’s spot and fatigue were also reported by a minimum percentage of adult women.
E. NUTRIENT CONTENT AND COST OF THE SUPPLEMENT MIX
1. Nutrient content of the supplement mix

The nutrient content of the supplement mix, according to the calculated values using the ICMR Nutritive Value of Indian foods by Gopalan (2004) is given in Table XXIII.

TABLE XXIII

NUTRIENT CONTENT OF THE SUPPLEMENT MIX 

(in 100g)
	Nutrients
	Mix I*
	Mix II**
	Mix III***

	Energy (kcal)

Carbohydrate (g)

Protein (g)

Fat (g)

Calcium (mg)

Iron (mg)

Vitamin C (mg)
	157.4

35.0

1.42

0.26

21.0

9.26

30
	190.2

42.2

2.15

0.39

55.4

9.45

30
	159.2

35.37

1.56

0.28

39.2

11.18

30



* Rice flakes + Jaggery +Amla powder

** Rice flakes + Jaggery +Amla powder + Ragi flour

*** Rice flakes + Jaggery +Amla powder +Amaranthus Tritis powder.

      It is observed that all the supplement mixes, contained 30mg of vitamin C. Other nutrients like energy, protein, fat and carbohydrate were higher in mix II when compared to mix I and III. Mix II contained a high energy value of 190 kcal, high carbohydrate value of 42.2 gram and high protein value of 2.15 gram in 100gram compared to other two mixes. Calcium content (55.4 mg) was more in mix II because of ragi flour and iron content (11.8mg) was more in mix III because of Amaranthus tritis. In general, the supplement mixes were found to be nutritionally good and supply both iron and vitamin C.

2. Cost of the iron rich functional food mixes

Table XXIV represents the cost of the iron rich functional food mixes.

TABLE XXIV
COST OF THE IRON RICH FUNCTIONAL FOOD MIXES
	Ingredients
	Formulation I
	Formulation II
	Formulation III

	
	Amount (g)
	Cost
Rs. P.
	Amount (g)
	Cost
Rs. P.
	Amount (g)
	Cost
Rs. P.

	Rice flakes

Jaggery

Amla powder

Ragi flour

Amaranthus tritis powder
	10

10

5

–

–
	0.30

0.44

1.00

–

–
	10

10

5

10

–
	0.30

0.44

1.00

0.20

–
	10

10

5

–

5
	0.30

0.44

1.00

–

0.32

	Total cost / serving
	25
	1.74
	35
	1.94
	30
	2.06

	Cost/100g
	
	27.50
	
	29.40
	
	33.80



The cost of the formulations was found to be Rs.1.74 for formulation I, Rs.1.94 for formulation II and Rs.2.06 for formulation III with the highest cost for formulation III. For 100g of the formulation the cost ranged from Rs.27.50 to Rs.33.80. The iron rich functional food mixes were found to be inexpensive compared to nutritious products available in the market.

F. EFFECT OF SUPPLEMENTATION ON THE ANTHROPOMETRIC MEASUREMENTS OF THE ADULT WOMEN

The effect of supplementation mix on the weight of the adult women are presented in Table XXIV and Figure 9.
TABLE XXIV
ANTHROPOMETRIC MEASUREMENTS OF THE ADULT WOMEN

	Groups
	Exptal I 
(N=10)
	Exptal II (N=10)
	Exptal III

 (N=10)
	Control group (N=10)
	Compared groups
	‘t’ values

	Initial

Final

Mean difference
	55.5 

± 6.24

56.00

 ± 5.96

0.5  

± 0.40


	51.1 

± 5.62

52.00                     ± 5.31

0.9                            ± 0.61
	50.75                       ± 3.56

51.50                       ± 3.30

0.75                         ± 0.63
	50.10 

± 5.23

50.10 

± 5.23

0
	E1 vs C 
E2 vs C 

E3 vs C

E1 vs E2

E1 vs E3

E2 vs E3
	3.30**

1.09NS
1.12 NS
4.35**

3.62**

0.43 NS


** (p<0.01) Significant at 1 per cent level 

* (p<0.05) Significant at 5 per cent level  

NS-Not significant

Over a period of three months, the mean increase in the body weights of the experimental group I,II, and III were found to be 0.4,0.6,0.6 kg, but in the control group, there was no change in the body weight of the selected adults.  The difference in experimental group I and control group was found to be statistically significant at one per cent level. The difference between experimental I and II and between 1 and III were statistically significant at            one per cent level.
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G. EFFECT OF SUPPLEMENTATION ON THE HAEMOGLOBIN LEVELS AND CLINICAL SYMPTOMS

The changes in blood haemoglobin levels before and after supplementation is presented in Table XXV and Figure 10.

TABLE XXV

CHANGES IN BLOOD HAEMOGLOBIN LEVELS BEFORE AND AFTER SUPPLEMENTATION (g/dl)
	Groups
	Exptal I 
(N=10)
	Exptal II 
(N=10)
	Exptal III
 (N=10)
	Control group (N=10)
	Comparative groups
	‘t’ values

	Initial

Final

Mean difference
	9.24    

±0.52

10.51

±0.36

1.27

±0.12
	9.52

±0.31

10.92

±0.35

1.4

±0.06
	9.50

±0.19

11.16

±0.34

1.6

±0.12
	9.52

±0.66

9.52

±0.66

0.28

±0.25
	E1 vs C 
E2 vs C 
E3 vs C 
E1 vs E2

E1 vs E3

E2 vs E3
	5.92**

8.91**

14.06**

2.40*

3.46**

1.29NS


** (p<0.01) Significant at 1 per cent level 

* (p<0.05) Significant at 5 per cent level  

    NS-Not significant

The present study revealed that, the experimental group I who had been supplemented with rice flakes, amla powder and jaggery, had a haemoglobin level of 9.24g/dl initially was increased to 10.51g/dl after supplementation. Haemoglobin level increased from 9.5g/dl to 10.92g/dl among the experimental group II who received rice flakes, amla powder, jaggery and ragi flour. Among experimental group III initial haemoglobin level was 9.50g/dl after supplementation 11.16g/dl was noted, they received rice flakes, amla powder, jaggery and amaranthus tritis powder. 

Thus the present study revealed that haemoglobin levels of the anaemic individuals can be improved by supplementation of iron rich foods for a period of 100 days.
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b. Changes in the clinical symptoms

Table XXVI presents the changes in the clinical symptoms among the adult women before and after supplementation.
TABLE XXVI
CHANGES IN THE CLINICAL PICTURE BEFORE AND AFTER SUPPLEMENTATION

	Symptoms
	Experimental                 Group I (N=10)
	Experimental                Group II (N=10)
	Experimental               Group III (N=10)
	Control                         Group (N=10)

	
	B
	A
	B
	A
	B
	A
	B
	A

	Loss of hair

Dryness

Head ache

Irregular  menstruation
	10

6

7

5
	6

2

3

2
	9

3

4

4
	4

1

1

2
	10

5

8

8
	5

2

3

4
	7

5

4

4
	7

5

4

4


Initially loss of hair was found among all the adult women, of experimental groups and after supplementation it was reduced to 6, 4, 5 in experimental group I, II and III. Dryness of skin and head ache was found to be reduced among the three experimental groups. Irregular menstruation was found initially among all the experimental groups and after supplementation it was reduced. Control group did not show any improvement with regard to clinical symptoms. 

V  SUMMARY AND CONCLUSION
Anaemia is widely prevalent among women and adolescent girls who form the vital segment of any population. There are many strategies available and adopted for prevention of anaemia. Among them food based approach is more promising. On these lines a study was planned to formulate and evaluate iron rich functional food mixes on anaemic adult women.
 
One hundred and fifty adult women from 20-40 years of age constituted the sample for the study. Initially a socio-economic survey and dietary survey was carried out to obtain the relevant  information on the socio-economic status and the dietary pattern of the selected 150 adult women. Secondly, the prevalence of anaemia among the adult women was assessed by estimating their blood haemoglobin levels. Fourty four adult women were found to be moderately anaemic with haemoglobin level ranging from 7 to 9g/dl, 40 were found to be mildly anaemic and six were found to be severely anaemic. Out of them 40 women were selected for supplementation by random sampling method. Accordingly, 40 women were divided into three groups of experimental and one group as control group. with ten women in each group.

Three iron rich formulations consisting of different proportions of riceflakes, ragi flour, jaggery, amla powder, amaranthus tritis powder were prepared and tested for acceptability.  About 25g, 30g and 35g of the iron rich supplement mixes were given to experimental I, II and III for a period of 100 days. No supplement mix was given to control group.
The anthropometric measurements such as height, weight, clinical status and biochemical estimation were carried out before and after the supplementation period.
The results of the present study are given below:

· A majority of (63%) the women belonged to the category of 20-29 years.              
· Eighty two per cent of families were of nuclear type and only 18 per cent were of joint families. Regarding the size of family ,59 per cent had                    2-4 members, and 41 per cent had more than four members in their families. The findings revealed the fact that in the present days increased number of nuclear families and small sized families are highly prevalent.

· Among the surveyed group only four per cent of the women were illiterates and, 22 per cent had secondary and 27 per cent had higher secondary education.  A  highest percentage had studied upto college education.

· A maximum of 59 per cent of women were only homemakers followed by 40 per cent employed in private sector jobs. 
· Among the selected adult women, 59 per cent were involved in sedentary work and 41 per cent were moderate workers, no one was involved in heavy work.

· With regard to income of the selected women 28 per cent got less than Rs.4000, nine per cent received Rs.4001-7000 and only five per cent had a monthly income more than Rs.7000

· Regarding monthly income of the families a majority of 79 per cent earned                more than Rs. 7000 whereas 20 per cent received Rs. 4001-7000 and only one per cent had less than Rs. 4000 per month. 

· Concerning the type of diet, 75 per cent of the women were non-vegetarians and 25 per cent were vegetarians.

· Meal pattern revealed that all the women were consuming more than three meals daily. Sixty nine per cent of the women did not skip their meals but 39 per cent skipped their meals. Among them a majority of women skipped their breakfast.

· With regard to cooking methods, all the women practiced boiling and steaming methods of cooking, whereas 89 per cent of the women preferred frying. About 33 per cent of the women used stewing method and 27 per cent of the women used pickling and only 20 per cent of them used pressure cooking as a method of cooking.
· Eighty four per cent of the women did not have any food allergy and only 16 per cent of the women had some food allergy. Among them                    63 per cent expressed allergic reactions to brinjal and 21 per cent reactions to yam. The other allergic foods expressed included potato, pickles and noodles.

· A majority of 62 per cent of the women were not involved in any physical activity. Whereas 32 per cent of the women were doing exercise like walking and gardening. The duration of exercise was found to be less than ½ hour among 14 per cent of women and ½-1 hour among             18 per cent of women.

· Among the selected adult women 75 per cent of them were having the habit of chewing betel leaves.
· All the adult women consumed rice daily followed by wheat. Among pulses red gram dhal was mostly used daily, next came the blackgram dhal, green gram dhal and bengal gram dhal. Among roots and tubers, potato was used to a maximum. Among green leafy vegetables, amaranthus was used weekly once, manathakkali and kuppameni were used occasionally, other green leafy vegetables were used monthly once. All the other vegetables were used once a week. 
· Banana was used daily, mango during season, amla was occasionally taken. Other fruits like guava, apple, pineapple, pomegranate were used rarely. Women used gingelly oil daily for cooking and coconut oil was used occasionally, ghee and butter were used monthly once or occasionally. Milk was used daily, curd and buttermilk were used twice in a week. Sugar was used daily jaggery was used twice a week, palm sugar was used occasionally. Fleshy foods, egg and chicken were consumed weekly once, mutton and fish were consumed monthly once. Among the prepared foods, pickles and papads were taken twice in a week. Tea and coffee were consumed daily. 
· With regard to dietary pattern, a maximum number of adult women consumed tiffin for breakfast and few of them had meals like rice, in the morning for mid morning, adult women had tea and  buttermilk or  juice and maximum number of the adult women did not  have anything in the mid morning. Most of the adult women had full meals for lunch and very few had variety rice. During tea time, adult women consumed tea in the evening, few had coffee also, very few consumed snack items. For dinner, 50 per cent of the adult women had tiffin items. At bedtime, only some of the adult women consumed milk and very few of them took dates and banana along with milk,  milk at bed time.

· The mean food intake of the adult women revealed that all the foods taken by them were deficient at a higher  percentage and fruits and green leafy vegetables were very much deficient in their diet.

· The mean nutrient intake of the adult women revealed that their diets were deficient in all the nutrients when compared to the recommended allowances by ICMR.

· A comparison of the mean height of the selected women with reference value revealed that the values were lesser than the reference values.            On the other hand, the mean weight of the selected women were found to be more than the reference values. This reveals that most of the adult women selected were shorter and heavier.

· Body Mass Index values revealed that 56 per cent of the adult women had normal BMI, 27 per cent of the adult women were overweight, nine per cent were obese and only eight per cent of the adult women were underweight. 

· A majority of 88 per cent of the adult women were not aware of the functional foods and only 12 per cent of the adult women were aware of such foods. Most of the adult women (85%) were not under medication and only 15 per cent of the adult women were under medication
· The findings revealed that 58 per cent of the adult women were suffering from anaemia and 42 per cent of the adult women were normal.                      A maximum of 38 per cent of the adult women had anaemia for the past seven months to one year and one per cent of the adult women had anaemia within 1-2 years.

· Among them 40 per cent of the adult women had normal haemoglobin values. Twenty nine per cent of the adult women were moderately anaemic, 27 per cent were mildly anaemic and four per cent of the adult women were severely anaemic. The mean hemoglobin values found is mild anaemic than the normal values suggested for adult women by   ICMR 1993.

· About 61 per cent of the adult women had loss of hair and 50 per cent of the adult women suffered from head ache, 40 per cent experienced tiredness, 20 per cent of the adult women reported dimness of vision,              14 per cent reported dryness of skin and 12 per cent reported weight reduction. The other clinical symptoms reported included pallor of nails, shortness of breath, pallor of skin and pallor of tongue.

· About 38 per cent of the adult women had stomach pain and                         15 per cent had irregular menstruation and 21 per cent reported excessive bleeding. The findings revealed some kind of irregularities of menstruation among the adult women under study.

· Nearly 35 per cent of the adult women had nausea, 28 per cent of the adult women had dry or rough skin, 19 per cent had dental caries, whereas 14 per cent reported discoloured hair. The other clinical symptoms like bleeding gums, bitot’s spot and fatigue were also reported by a minimum percentage of adult women.

· All the supplement mixes, contained 30mg of vitamin C in all the three mixes. Other nutrients like energy, protein, fat and carbohydrates were higher in mix II when compared to mix I and III. Mix II contained a high energy value of 190 kcal, high carbohydrate value of 42.2 gram, high protein value 2.15 gram in 100gram compared to other two mixes.  Calcium content (55.4 mg) was more because of ragi flour and iron content (11.8mg) was more in mix III because of Amaranthus tritis.                    In general the supplement mixes were found to be nutritionally good and supply both iron and vitamin C.
· The cost of the formulations was found to be Rs.1.74 for formulation I, Rs.1.94 for formulation II and Rs.2.06 for formulation III with the highest cost for formulation III. For 100g of the formulation the cost ranged from Rs.27.50 to 33.8 The iron rich functional food mixes were found to be inexpensive compared to nutritious products available in the market.
· Over a period of three months, the mean increase in the body weights of the experimental group I, II, and III was found to be 0.4,0.6 and 0.6 kg, but in the control group, there was no change in the body weight of the selected adults. The difference in experimental group I and control group was found to be statistically significant at one per cent level. The difference between experimental group I and II and between II and III were statistically significant at one per cent level.

· Experimental group I who had been supplemented with rice flakes, amla powder and jaggery, had a mean haemoglobin level of 9.24g/dl initially was increased to 10.51g/dl after supplementation. Haemoglobin level increased from 9.5g/dl to 10.92g/dl among the experimental group II who received rice flakes, amla powder, jaggery and ragi flour. Among experimental group III which received riceflakes, amla powder, jaggery, and amaranthus tritis powder the initial haemoglobin level was 9.50g/dl and after supplementation 11.16g/dl was noted. The present study revealed that haemoglobin levels of the anaemic individuals can be improved by supplementation of iron rich functional food mixes for a period of 100 days.

· Initially loss of hair was found among all the adult women, of experimental groups and after supplementation it was reduced to 6, 4, 5 in experimental group I, II and III. Dryness of skin and head ache were found to be reduced among three experimental groups. Control group did not show any improvement with regard to clinical symptoms.
The overall findings of the study revealed that iron rich functional foods are very effective in improving the haemoglobin levels of anaemic adult women. 

The following recommendations are made for future studies.

· Identification of underexploited iron rich foods and formulation of supplements

· Long term supplementation studies to evaluate the full effect of the supplements

· Supplementation studies for anaemic individuals of various age categories.
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APPENDIX I

QUESTIONNAIRE TO ELICIT DETAILS REGARDING SOCIO – ECONOMIC BACKGROUND, LIFE STYLE, FOOD CONSUMPTION PATTERN AND HEALTH STATUS
NAME OF THE INTERVIEWER: 
SOCIO- ECONOMIC BACKGROUND:

1. Name of interview
: 
2.  Age 
                      :

3. Educational status        :

4. Gender
                     :



Male               Female       
5. Address
                   :

6. Occupation                 :

7. Type of occupation 



Sedentary              moderate                 heavy       
8. Type of family



Joint              Nuclear      
9. Size of the family
:



2 -4       
4  and above

10. Monthly income
: Rs. 

11. Total family income
: Rs. …

LIFE STYLE PATTERN
12. Do you exercise regularly?



Yes   No

13. Do you perform yoga regularly?



Yes    No            
14. Do you have the habit of chewing?



Yes                     No




Tabacco         Betal leaves      Pawn      others

16. Food consumption pattern

	Others
	

	
	Daily
	Twice in a week
	Weekly once
	Monthly once
	Occupationally

	Cereals
	
	
	
	
	

	Raw rice
	
	
	
	
	

	Wheat 
	
	
	
	
	

	Ragi
	
	
	
	
	

	Bajra
	
	
	
	
	

	Others
	
	
	
	
	

	Pulses
	
	
	
	
	

	Redgramdhal
	
	
	
	
	

	Blackgramdhal
	
	
	
	
	

	Grengramdhal
	
	
	
	
	

	Others
	
	
	
	
	

	Roots and tubers
	
	
	
	
	

	Potato
	
	
	
	
	

	Carrot
	
	
	
	
	


	
	

	
	Daily
	Twice in a week
	Weekly once
	Monthly once
	Occupationally

	Yam
	
	
	
	
	

	Others
	
	
	
	
	

	Green leafy vegetables
	
	
	
	
	

	Amaranths
	
	
	
	
	

	Manathakkali
	
	
	
	
	

	Kuppameni
	
	
	
	
	

	Others
	
	
	
	
	

	Other vegetables
	
	
	
	
	

	Beans
	
	
	
	
	

	Pumpkin
	
	
	
	
	

	Cabbage
	
	
	
	
	

	Nuts and oils
	
	
	
	
	

	Coconut oil
	
	
	
	
	

	Gingellyoil
	
	
	
	
	

	Others
	
	
	
	
	

	Milk and Milk products
	
	
	
	
	

	Milk 
	
	
	
	
	

	Curd
	
	
	
	
	

	Butter milk
	
	
	
	
	

	Others
	
	
	
	
	

	Sugars
	
	
	
	
	

	Jaggery
	
	
	
	
	

	Palm sugar 
	
	
	
	
	


	Others
	

	
	
	
	
	
	

	Others
	
	
	
	
	

	Fleshy foods
	
	
	
	
	

	Egg
	
	
	
	
	

	Fish
	
	
	
	
	

	Chicken
	
	
	
	
	

	Mutton
	
	
	
	
	

	Others
	
	
	
	
	

	Prepared foods
	
	
	
	
	

	Pickles
	
	
	
	
	

	Papads
	
	
	
	
	

	Others
	
	
	
	
	

	Beverages
	
	
	
	
	

	Tea
	
	
	
	
	

	Coffee
	
	
	
	
	

	Others 
	
	
	
	
	


17. Do you plan meals in advance?


Yes         No


18. If yes, what is the basis for planning


a. Total family requirement 



b. Availability of money



c. Availability of food




d. Likes and dislikes 





19. Daily meal pattern

	
	Day 1
	Day 2
	Day 3

	Early morning
	
	
	

	Break Fast
	
	
	

	Mid morning
	
	
	

	Lunch
	
	
	

	Dinner
	
	
	

	Bed time
	
	
	


Are you possessing any of the following?


Kitchen garden      
 poultry    

dairy
 
others     
20. Cooking methods used?


Roasting 

Frying 

Backing 

boiling 
steaming           

Picking 


stewing    

others
   
21. Do you skip meals?


Yes 

No

22. If Yes, 


breakfast     

Lunch    

dinner           
23. Do you have any food allergy?


Yes   


No

24. If yes, specify the food


Biochemical test:

25. Have you done any haemoglobin test?


Yes

No      
26. How long do you suffer from this disorder?

27. Does anyone in your family have a history of anaemia?

28. Are you under any medication?



Yes 

No

29. If yes type of treatment?

30. Do you follow any specific diet pattern?

31. Are you aware that foods can control the disorder?



Yes 

No   
32. Do you know the type of foods suitable for preventing anaemia?

33. Are you aware of functional foods?

34. Type of functional foods used in your diet?

	Foods
	Yes
	No

	Oats
	
	

	Tomato
	
	

	Garlic
	
	

	Citrus fruits
	
	

	Grapes
	
	

	Fish
	
	

	Dairy products
	
	

	Others
	
	


35. Do you know any other functional foods which cures other disorders>



Yes

 No

36. Anthropometric measurements:


Weight (kg)


Height (cm)

37. Biochemical test:


Haemoglobin level (g/dl)


38. Clinical Examination

	Symptoms
	Yes
	No

	Fatigue
	
	

	Nausea
	
	

	Poor musculature
	
	

	Bleeding gums
	
	

	Bitots spot
	
	

	Dental caries
	
	

	Dry or rough skin
	
	

	Lethargic
	
	

	Discolouried hair
	
	


39. Have you got any of the following conditions?

	Symptoms
	Yes
	No

	Irregular menstruation
	
	

	Excessive menstrual bleeding
	
	

	Stomach and back  pain
	
	

	Accidental haemorrhage
	
	

	others
	
	


40. Sings and symptoms of anaemia?

	CHANGE IN 
	SIGNS AND SYMPTOMS
	TICK THE SYMPTOMS

	1. SKIN 
	PALLOR OF SKIN
	

	
	PALPITATION OF SKIN 
	

	2. MOUTH 
	ANGULAR STOMATITIS
	

	
	GLOSITIS
	

	
	PALLOR OF TONGUE
	

	3. HAIR
	FLAG SIGN
	

	
	LOS OF HAIR
	

	4. NAIL
	Pallor of Nail bud
	

	
	Brittleness
	

	
	Dryness
	

	5. GENERAL
	ANOREXIA AND DYSPEPSIA
	

	
	OEDEMA
	

	
	GROWTH RETARDATION
	

	
	INSOMINA
	

	
	HEADACHE
	

	
	GIDDINESS
	

	
	DIMNESS OF VISION
	

	
	SHORTNESS OF BREATH
	


41. Does any member of your family suffer from 


Diabetes 

highbloodpressure 
 

obesity        

Cancer 



asthma heart disease

APPENDIX  II
PROFORMA FOR DIETARY SURVEY

(24 HOUR FOOD RECALL METHOD)

	Meal
	Name of the Food Item
	Quantity

	On raising

Breakfast

Mid morning

Lunch

Mid- afternoon

Evening 

Dinner

Bed time
	
	


Selection of Area, 


(Vedasandur, Dindigul District)





Selection of sample (N = 150)





Control group                      (N = 10)





Conduct of survey                socio – economic and dietary. anthropometric, clinical, biochemical assessment





Development of iron rich functional food supplement mixes





Selection of Anaemic adult women through blood HB levels (N = 40)





Experimental Group I (N = 10)





Experimental Group II (N =10) 





Experimental Group III (N = 10)











Rice flakes + Jaggery  +   


Amla power





Rice flakes + Jaggery + 


Amla power+


 Ragi flour





Rice flakes+  


Jaggery  +           


Amla power+ Amaranthus tritis 


powder








No supplementation





Evaluation of the effect  of supplementation





A. Cereals	B. Pulses	C. Green leafy Vegetables	D. Roots and tubers	


E. Other vegetables		F.  Milk and milk products	G. Oil		


H. Sugar			I.  Fruits			J. Fleshy foods








85
129

_1334501354.unknown

_1334501494

_1334501811

_1334225719

_1334234564

_1334234609

_1334232413

_1333960493

_1334225677

_1333960106

