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I. Introduction
Today’s children are the gems of future generation and are future inheritors of this planet. A healthy child is happiness and eternal joy to the parents, apple of eye of the family, leader of tomorrow’s community, thrill of the society and hope of the nation.  Sound health of children means health and wealth of any nation or society. Therefore, health is an important essentiality to understand the available positive information about the various aspects of caring for and rearing children and contribute to their healthy environment.

In order to develop a scientifically sound and economically feasible health status of the children, the best and most effective long          term approach is good nutrition. Good nutrition means not only a balanced diet but it should also fulfil the child’s physical as well as mental needs. Nutritional well being is a sustainable force for health development and for maximization of human genetic potential.  Infact, the measurement of national development is by nutrition and health, indicators like morbidity and mortality rate and life expectancy of an individual especially the younger generation.

In these ways, good nutrition plays an important role in the full exploitation of genetic, potential capabilities in human beings especially in young children.  Inadequate nutrition and related illness affect the growth, learning ability and health of a child.  From time immemorial, the fact                   that good nutrition forms the basic component of health, optimal child            growth, development, survival and maintenance of life has been established.  Thereby child nutrition plays a vital role in positive health, functional efficiency and productivity in later stages of life.

Early childhood constitutes the most crucial period in life, when the foundations are laid for cognitive, social, emotional, physical,                     motor development and cumulative life long learning (Chowdhury, 2006). Jayatissa et al (2006), also opine that, nutrition during early childhood is of paramount importance because it is a foundation for life time health, strength and intellectual vitality and it is characterized by rapid growth with increased muscle mass, growth of organs, expansion of blood volume and linear increase in the long bones.  Children need proper nutritional care not only to promote and also maintain their optimum health and nutritional status.

Rao (2005) points out that in the early stage of life, dietary habits and feeding pattern alter more than any other stage of life.  This phenomenon reflects the physiological development of the child and rapid change in his or her nutritional requirements. Provision of adequate dietary energy and macro and micro nutrients for growth and development should be the principle determinant of the diet of growing children.

Srilakshmi (2006) stresses that children must consume sufficient amount of good quality energy, protein, vitamin and minerals in their diet for optimum growth to occur. During childhood, energy needs are high.                    The amount of energy required by the child depends on BMR, the rate of growth, specific dynamic action of the food consumed and physical activity.

Iyengar (2002) points out that the energy is required for growth and physical and mental activities. Insufficient food will, not only result in undernutrition in terms of inadequate weight gain but will also hinder growth of the children.  Fat energy including invisible fat for children should be               25 per cent of total energy and essential fatty acid energy is 5-6 per cent.  

Mahan and Stamp (2004) opine that, protein requirements are higher when compared to adults due to increased demand for skeletal muscle growth.  The increase in the muscle mass that accompany bone growth requires positive nitrogen balance that is met by protein intake of 1.5 to 2 g/kg body weight.  The increase in total body size necessitates a larger vascular system to transport nutrients to the tissues and waste products away from the tissues. Thus, there is an increase in demand of nutrients like protein, iron, folacin and pyridoxine needed in blood formation.  Bone growth also creates a need for protein.

More amount of vitamins and minerals are required for the rapid growth and development and also for the regulatory functions of the body.  Calcium requirement of children is calculated on the basis of the amount                  of calcium accretion in the body. This deposition is not uniform         throughout growing period, but would be relatively greater during early childhood and during adolescence than during the other periods of growth (Whitney and Rolfes, 2002).

During early childhood, for an increase in each kilogram in body weight, 30 mg of iron is required and since the increase in body weight during childhood is 2 kg/year on an average, the daily requirement of iron for growth will be 0.2mg (Yip, 2000).

The incidence of vitamin A deficiency signs are high and serum vitamin A levels are generally low among Indian children whose dietary intake is less than 100 mcg.  According to the studies conducted by ICMR, children receiving food supplements which provided a total of 300 mcg of vitamin A per day over a period of six months, serum vitamin A levels were found            to be around 30 mcg/dl and no clinical signs of vitamin A deficiency              (Nazni and Vijayakumar, 2006).

According to Mishra et al (1996), the changes in food habits, food preferences, life style etc., of an individual affect their health and nutritional status. Age and dietary intake are significantly associated with malnutrition. Calorie and protein deficit are being identified as the major factors responsible for the occurrence macro nutrients deficiency diseases.

Consumption of an inadequate diet with less amounts of vitamins and minerals causes micronutrient malnutrition. Lowered resistance to infection, poor cognitive development, retardation of physical and mental development, fatigue, lowered physical activity, poor mental concentration and productivity are the major consequences of these deficiency diseases (Prabhakaran, 2006).

Approximately 70 per cent of the world’s malnourished children live in Asia, resulting in the region having the highest concentration of childhood malnutrition.  About half of the preschool children are malnourished ranging from 16 per cent in the people’s Republic of China to 64 per cent in Bangladesh. Prevalence of stunting and underweight are high especially in South Asia where one in every two preschool children is stunted.  Besides PEM, Asian children also suffer from micronutrient deficiency diseases.           Iron deficiency anaemia affects 40-50 per cent of preschool and primary school children.  Nearly half of all vitamin A deficiency and xerophthalmia in the world occur in South and Southeast Asia with large number of cases in India              (35.3 million), Indonesia (12.6 million) and China (11.4 million) (www.ghealth.com).

Another major micronutrient problem in the region is iodine deficiency disorders, which results in high goitre rates as manifested in India, Pakistan and parts of Indonesia, while undernutrition problem persists, overweight problem in children has emerged in Asia, including Taiwan, Singapore and Urban China and Malaysia (James et al., 2006).

In most developing countries, preschool children are exposed to the risk of vitamin A, iron and zinc deficiencies as a consequence, to xerophtalmia, anaemia and chronic malnutrition respectively. During the period of complementary feeding, infants and young children are particularly                         sensitive to nutrient deficiency because they move from exclusive breast-feeding to routine family diet with inadequate nutritional quality and quantity (Qotba and Naser, 2007).

The overall prevalence of muscular wasting (weight-for-height) was 16.1per cent. The prevalence of muscular wasting increased and decreased with age and was lowest at 24 to 35.9 months of age. The highest prevalence of wasting (31.2per cent) occurred at 12 to 23.9 months. The prevalence of muscular wasting was higher in boys than in girls, but the difference was not significant. The overall prevalence of muscular stunting was 20.2 per cent.                 The highest prevalence of underweight 25.9 per cent occurred between 36 and 47.9 months (NCHS/WHO, 2006).

India has less than 20 per cent of the world’s child population. Unfortunately, it has upto 40 per cent of all malnourished children in the world.  India, Bangladesh and Pakistan together account for half of all the malnourished children in the world.  The problem of malnutrition encompasses a spectrum of deficiency diseases of which, the most devastating is the deficiency of one or more of the three micro nutrients-vitamin A, iron and iodine. Together they contribute a great deal of morbidity and ill health, growth retardation, reduced level of physical and developmental activities in young children and lowered productivity in adults (Bamji, 2003 and Rao, 2005).

The etiology of childhood malnutrition is complex involving interactions of multiple determinants that include nutritional, biological, cultural and socio economic influences, Protein Energy Malnutrient and micronutrient deficiencies leading to early growth failure often can be traced to poor maternal nutritional and health care before and during pregnancy, resulting in intra-uterine growth retardation and children born with low birth weight.

The socio-economic cost of the malnutrition burden to the individual, family and country is high, resulting in lower cognitive outcomes in children and lower adult productivity. Intervention that are cost effective and culturally appropriate for elimination of childhood malnutrition deserve the support of all.

According to Gopalan (2002) several strategies have been worked out and implemented to correct the etiological factors for malnutrition thereby control the macro and micro nutrients deficiencies. The key strategies are dietary diversification, supplementation, food fortification, genetic modification, promoting community and home gardens and nutrition education.  However the sustainable solution to reduce the incidence lies in the people’s diet, since the inadequate dietary intake is the primary cause of these deficiency diseases.

Gopalan (2001) also suggested that, the food based approach is more durable and sustainable than a drug based approach to solve the nutritional problems especially in the younger population. An ideal food for prevention and control of malnutrition should be of high nutritive value, acceptable to children, readily available at economic price and well tolerated both in health and illness (Swaminathan, 1999).

Local resources and technology seem to be the most relevant solution to the nutritional problems of PEM and micro nutrient deficiency.  Plant proteins, especially pulses and oil seed proteins rank foremost in its nutrient content and versatility of product development.  Soyabean combination with cereals and oil seeds is often referred to as a boon to solve macro and micronutrient deficiency. This type of food supplement is an attractive and least expensive strategy to reach the quality, food for young children, with these strategies, it is hopefully expected to enhance nutritional status and eliminate deficiency diseases among the young children. Thereby next generation of youngers will lead a more healthy life.

Keeping all these points in mind, the investigator took interest to conduct the present study on “Effect of supplementation of low cost health mix on nutritional status of pre-school girls” with the following objectives: To

1. elicit information on socio-economic background and dietary pattern of the selected subjects

2. identify girls for supplementation study

3. formulate and evaluate health mix for supplementation and

4. assess the effect of supplementation on nutritional status of the selected subjects in the study groups.

Children are the human resource and assets of a country.                  A nation’s health is gauged through the health of its children. It is therefore essential that children are allowed to grow in an environment which is suitable to meet their nutritional, social, emotional and educational needs, Development of children has to be priority item in the country’s development agenda.

II. REVIEW OF LITERATURE



The literature pertaining to the present study on “Effect of Supplementation of Low Cost Health mix on Nutritional Status of Pre-School Girls” is reviewed under the following headings:

A. Pre-school childhood, as a crucial stage in life cycle

B. Nutritional requirements of preschool children

C. Prevalence of malnutrition among preschool children and

D. Effect of supplementation of proximate nutrients on nutritional and health status of preschool children.

A. Pre-school childhood, as a crucial stage in life cycle

India is the home of the largest child population in the world.  The development of children is the first priority on the country’s development agenda, not because they are the most vulnerable, but because they are our supreme assets and also the future human resources of the country. In these words, our Tenth Five Year Plan (2002-2007) underlines the fact that the future of India lies in the future of Indian children (Chowdhury, 2006).

Early formative years, during which foundations are laid for sound physical, cognitive and social development.  It is the most crucial period in one’s life.  Today’s child is the nations future economic asset. The quality of our future human resource is going to be determined largely by the investment made now for the sound development of our child population (Gopalan, 1998).

Young children form a substantial fraction of the world’s population, numbering about 24 per cent of the population of the               developing world and about 15 per cent of that of the industrialized world (Torres et al, 2002).

 In general, growth is steady and rapid during the preschool years, but it can be erratic in individual child.  Growth during this age is parallel by a constant increase in food intake (Krause et al, 2004).

Vijayalakshmi et al (2000) reported that there are many physical changes that occur at this preschool age. It is a crucial phase to catch up growth in the life cycle of children after infancy.

The rapid growth which occur in foetal life and during infancy is followed by a long period of gradual growth during childhood.  This is the time when the child starts exploring his environment and gets exposed to the school children.  The number of influences on their mind are therefore, increased and his world of interaction widened and altered their food behaviour and eating patterns (Gunnar, 1999).

As growth proceeds during childhood, there are changes in the proportion of water, muscle, tissue, fat deposits and the skeletal structure usually girls have a higher deposition of body fat as compared to boys of the same age but have a lesser percentage of muscle tissue (Mitchell, 2000).

Between the ages of 2 and 6, children grow at a slower rate than during their first year.  They may gain body weight of only 1.8 - 2.3 kg/year. The pre-school child grows relatively more in height and becomes taller and thinner. The arms and legs become longer in proportion to his trunk. The well nourished pre-school children are sturdily built, has an alert appearance, bright eyes, clear skin etc. They are busy exploring their environment and establishment themselves as an individual in it. The nutritional need of each child depends upon the rate of growth and activity (Chavey, 2000).

It is important to monitor the growth of the child particularly upto six years of age as, this is the most crucial period when nutritional deficiencies occur easily.  A healthy growing child should regularly gain weight and height.  A easy way of monitoring growth in children upto six years of age is by the use of the growth charts.  The growth of the child can best be measured by plotting a graph of their weight against the age on the growth chart.  A healthy growing child shows an upward growth curve on the chart (www.medicalnews today.com).

This is a period in their development where they are growing very fast and need a lot of calories and other nutrients. Unfortunately most of the children do not eat a balanced diet daily, but over the course of time or so their diet should not be well balanced, it is the major causative factor for deficiency diseases (www.acswasc.org).

B. Nutritional requirements of preschool children

Good nutrition is the fundamental requirement for positive health, functional efficiency and productivity. It is not only promoting physical growth and development but also in ensuring adequate immuno competence, cognitive development and work capacity (Bamji et al, 2003).

Childhood is a period of rapid physical and mental growth and development and child’s nutritional requirements are higher per unit of body weight than those of adult (Devadas and Jaya, 1993).

According to ICMR (2004), the calorie needs increase with the metabolic demands of growth and energy expenditure of the growing preschool children. Insufficient food not only result in undernutrition in terms of inadequate weight gain but also hinder their growth pattern. Upto 10 years of age, there is no difference in sex for ICMR- Recommended Dietary Allowance.

Body requirements of calories increased steadily for preschool children.  The energy requirements of 4-6years of preschool children is 1690Kcal. For preschool children, 150 to 175 Kcal/kg body weight should be given for the existing weight. It is very important that there should be              enough calories in the diet, otherwise proteins will be utilized for energy purposes and not for building the tissues. Malted cereals can also be given to increase calorie density. Fifty per cent of total calories can be from carbohydrate (Srilakshmi, 2006).

The increase in the muscle mass that must accompany bone growth requires positive nitrogen balance that is met by protein intake of 30g.  The increase in total body size necessitates a larger vascular system to transport nutrients to the tissues and waste all products away from the tissues.                 Thus, there is an increase in demand for nutrients needed in blood formation like protein, iron, folacin and pyridoxine.  Bone formation also creases a need for protein (Rao, 2005).

Pre-school children require more calcium than adults to meet skeletal growth demands.  Calcium requirements of children is calculated on the basis of the amount of calcium accretion in the body.  This deposition is not uniform throughout growing period but is relatively greater during early childhood and adolescents than during the other period of growth.  The calcium requirement of pre-school child is 400mg (Bamji et al 2003).

Calcium is a mineral that is mostly present in children bones.  Having a diet with foods that are rich in calcium to meet daily requirements in necessary for the development of strong bones. It is also an important way to prevent the development of osteoporosis in the later stage (www.cdc.gov).

Iron is another mineral that is important for the children growth.  Having a diet with foods that are rich in iron to meet daily requirements is necessary for the development of strong muscles and production of blood.           The iron requirement of preschool child is 18 mg/day (Swaminathan, 2004).

Vitamin A status and iron status are interrelated and seems to alter the immuno response to infection. Deficiencies of Vitamin A and iron result in decreased lymphocyst stimulation, impaired cell mediated immunity and reduced antibody responses of secretory immunoglobulin (Walter., 1997).

The incidence of vitamin A deficiency signs is high and serum vitamin A levels are generally low among Indian children whose dietary intake in less than 100 mcg. According to the studies conducted by ICMR, children receiving food supplements which provided a total of 300 mcg of vitamin A per day over a period of six months, serum vitamin A levels were found to be around 30mg/dl and no clinical signs of VAD (Srilakshmi, 2005).

The daily allowance of B complex vitamins requirements are based on energy intake.  The allowance per 1000 kcal are 0.5 mg of thiamine, 0.6 mg of riboflavin and 6.6 mg of niacin equivalents. Requirements of folic acid and B12 for children were computed from interpolation of values for infants and adults (Krishnaswamy et al, 2000).

The food basket should comprises basic foods such as cereals, pulses, oils and fats which supply most of the energy, protein and fat needs along with additional foods which are chosen to add micronutrients and also improve the taste,  and overall acceptability of the ration (ICNND, 1999).

The child should be taught to feed themselves as early as possible, they should be provided with healthy choices and allow experimentation.  Meal times should be enjoyable and pleasant and not a source of struggle (www.richindia.org).

At the immediate or individual level, the child needs to have an adequate dietary intake and to be free of diseases and infection in order to be wellnourished. If the child is either sick or not eating enough food, his/her growth is likely to be impaired which lead to malnutrition. Poor diet and disease interact in a synergistic, vicious cycle with each factor exacerbating the other.  Inadequate dietary intake in the young children compromises immune function and may lead to disease being more severe and/or more prolonged.  Disease reduces appetite and hence intake, as well as reducing absorption and utilisation of ingested nutrients and increasing catabolic losses. This has been referred to as the “malnutrition-infection complex”. Its very existence shows that malnutrition is more merely a food problem (www.patient.co.uk).

C. Prevalence of malnutrition among pre-school children
Malnutrition is a “man-made disease” which often starts in the womb and ends in the tomb.  It is a global problem especially in the developing countries, and even in underprivileged communities of some of the developed countries.  This is particularly more in the developing countries where the population growth is not controlled and the resources are poor (WHO, 2006).

Malnutrition is an ecological problem that does not occur alone.  Its consorts are poverty, disturbed family structure, ignorance and despair.  Majority of the children in India who live below the poverty line in an environment of multi-deprivation and starvation have impact on their development.  Socio-demographic factors like neglect of the girl child, large family size and lack of child spacing and family welfare methods have an adverse effect on child nutrition and child survival (Rao, 2005).

Malnutrition is defined as any nutritional disorder caused by an insufficient, unbalanced or excessive diet or impaired absorption or assimilation of nutrients by the body.  It is a state wherein adequate nutrients are not delivered to the cells to provide the substrate for optimal functioning.  The term malnutrition includes both under-nutrition as well as over-nutrition.  In developing countries under-nutrition is a major public health problem (Sreevani, 2006).

A majority of infants and preschool children in the developing countries consume inadequate diets, consequently they grow at a sub normal rate and are stunted with poor musculature.  They also suffer from signs and symptoms of dietary deficiencies.  Nutritional deficiencies give rise to various morbidity which in term may lead to increased mortality.

Malnutrition includes overnutrition, nutritional deficiencies and undernutrition which impair health, intellectual activity, adaptive behaviour, education, productivity and well being and can lead to death (Gopalan, 2003).

The UNICEF (2005) reported that 150 million children are malnourished worldwide; million of Indian children are equally deprived of their rights to survival, health and nutrition education and safe drinking water.  It is reported that 63 per cent of them go to bed hungry and 53 per cent suffer from chronic malnutrition (Sreevani, 2006).

In the United States researchers estimate that 13 million children, more than one fourth of all children under the age of 12, have a                difficult time getting all the food they need, thus causing malnutrition (Kerstetter et al 2005).

In the United Kingdom, preschool children in poor families are malnourished due to their poor diet and to face increased risk of premature births, low birth weight, anaemia, dental problems, juvenile diabetes and underweight (Gaudiehon et al, 2002).

Russian Federation, the prevalence of stunted growth among children under 5 years of age increased from 15 per cent in 1994 to 35 per cent in 2004 (www.statistics.com).

Various studies conducted in India show that malnourished children were found to have a statistically significant reduction in serum CSF, protein, lipids, serum trace elements, serum enzymes, developmental quotient (DQ), motor nerve conduction were also low when compared with appropriate controls (www.wikipedia.org).

In India, however, the prevalence of low birth weight is 23 per cent and is not only a consequence of maternal malnutrition but also contributors significantly to subsequent child malnutrition (www.acswasc.org).

Malnutrition contributes to over 6 million child deaths each year, 55 per cent of the nearly 12 million deaths among children under five years in developing countries.  Half of all children under 5 years of age in South Asia are malnourished (Wahed, 2005).

Malnutrition is a known factor closely associated with child mortality rate.  A strong association between severity of weight for age deficits and mortality rate. Fifty four per cent deaths of under five  children in developing countries were accompanied by low weight for age (Ansari, 2006).

Morbidities are repeated continuously and adverse feeding practices during morbidities continue, nutritional status of the child is likely to deteriorate (Babiker, 2005).

Although often an invisible phenomenon malnutrition casts long shadows affecting close to 800 million people -20 per cent of all people in the developing world.

Malnutrition kills, maims, cripples and blinds on a massive scale worldwide.  It affects one in every three people worldwide afflicting all age groups and populations, especially the poor and vulnerable. Malnutrition plays a major role in half of the 10.4 million annual child deaths in the developing world, it continues to be a cause and consequences of disease and disability in the children who survive, malnutrition is not only medical, it is also a social disorder rooted in poverty and discrimination.  It has economic ripple affects that can jeoparding development (Sreevani, 2006).

Under nutrition is known to have a negative effect not only on the physical dimension of the body resulting in stunted stature and low weight, arm circumference etc, but it adverse influence in also evident in various biochemical and physiological functions of the body including the structure and function of the brain (Ebrahim, 2005).

Very severe under-nutrition for long duration during infancy and childhood can produce irreversible effects on neurological development which in turn can impair a child’s ability to learn later in life. 

Poor eating habits of the children particularly pre-schoolers are more easily prone to deficiencies like PEM, anaemia, vitamin A, deficiency (www.valbelta.com).



Protein - Energy Malnutrition is by far the most lethal form of malnutrition.  Children are its most visible victims.  Malnutrition, “the silent emergency” is an accomplice in atleast half of the 10.4 million children death each year.  Protein - energy malnutrition affects every fourth child world-wide; 150 million (26.7 per cent) are under weight while 182 million (32.5 per cent) are stunted.  Geographically more than 70 per cent of PEM of children live in Asia, 26 in per cent Africa and 4 per cent in Latin America and the Caribbean              (WHO, 2006).

Prabhakaran (2006) stated that the consumption of an inadequate diet with less amount of vitamin and minerals causes micronutrient malnutrition.  Nutrition surveys in India have identified vitamin A deficiency.  Iodine deficiency disorders and iron deficiency anaemia are the major micronutrient deficiencies.

The clinical management of moderate and severe PEM in children remains ineffective in many part of the world. Mortality rates of 30 per cent are not uncommon; yet, with adequate management with appropriate diet, these rates can be reduced to less than 5 per cent (WHO, 2006).

In India, about 47 per cent of under-five children are under weight using (CARE -India and Linkages India have used a computer programme called) PROFILES, it is estimated in India, about 59 per cent of under-five deaths are associated with PEM.  If no improvements are made, under weight will account for over 53 lakh child deaths between the year 2003 and 2012, an average of over 5,34,000 child deaths per year (Rao, 2006).

Iron deficiency is the most widespread nutritional problem in the world today.  According to WHO, overall rates for iron deficiency anemia in developing countries are 46 per cent for school - age children and 51 per cent for preschool children (WHO, 2006).

About-3,50,000 infants and young children become malnourished annually because of VAD, and 70 per cent of these die within the year.  WHO estimates that about 40 million children in the World suffer from VAD, although this varies greatly among region and countries (http;//wafo.find articles.com/p/articles/mig 2601/is_ODII/ai_2601001129).

D. Effect of supplementation of proximate nutrients on nutritional and health of preschool children

Nutrition during preschool childhood is important for several reasons; first because preschool age is a time of rapid growth and development and second because preschool children are begining to show independent in food choice and increased consumption of foods and drink away from home.  There has been concern that poor dietary habits formed in preschool childhood continue in childhood, adolescence and adult life and also the foundation for their future families. This requires attention and intervention (Fletcher et al, 2004).

Research studies reflect that there is a large energy- protein gap in the diet of majority of the vulnerable group especially the young children.  The diet is not only qualitatively poor but also quantitatively inadequate (Deshpande and Burgale, 2004).  To minimize the adversities of malnutrition, low cost weaning supplementary foods have been developed and are being supplied to the needy through nutrition intervention programme.                                            “Supplementary feeding” is defined as the distribution of food to supplement energy and other nutrients missing from the diet of those who have special nutritional requirements.  The most common purpose of supplementary feeding is to prevent or alleviate malnutrition through reducing the nutrient gap between an individual’s actual consumption and his/her requirement (Thurnham., 1999).

Supplementary feeding is most cost effective when integrated with other nutrition relevant action that cover the non-food cause of malnutrition. The efficacy of supplementary feeding in breaking the inter-generational cycle, or more positively turning it into a virtuous cycle, has been investigated in numerous small scale experimental trials over the last three decades. Regarding efficacy, many studies have shown that raising dietary intake through supplementary feeding can have beneficial nutritional consequences including effects on outcomes such as growth activity, cognitive development and compensation of energy lost during illness (Underwood, 1998). 

 The wide prevalence of protein calorie malnutrition among children of all age groups in developing countries like India is of great concern not only to agricultural scientists but also the governments concerned.  About 80 per cent of protein consumed in developing countries are of plant origin.  The gradual growth in population and rather steady supplies of plant protein result in a wide gap between demand and supply, leading to malnutrition in developing countries (Arinathan et al., 2003).

Among the various plant foods, soya bean is unique for its nutrient dense and health benefits. Soya contains all the three macro nutrients - carbohydrate, protein, fat and micro nutrients including vitamins- folic acid and minerals - calcium and iron for good health condition.  Soy protein has high content of essential aminoacids and biological value.  Soy protein reduces the workload of the kidneys and reduces inflammation. From the literature and research studies it is evident to note that the soy protein are considered as the best supplement economically, to maintain health and to eradicate the complicated health problems in women and children (Rukhana et al., 2004).

Suboticanee et al (1998) examined the effect of iron supplementation on cognitive function by a double blend intervention trial in six year old severely anaemic preschool children.  It is concluded that iron supplementation in six years old preschool children with haemoglobin level between 10 and 11.9 g/dl will result in an improvement of cognitive function, even though they are not otherwise malnourished.

Ranganathan (1997) concluded that double fortification of salt with iron and iodine is used in areas where both anaemia and goitre are prevalent and reduce the prevalence rate and improve these nutrients status.

The fortification of a widely consumed and centrally processed staple food with appropriate nutrients is the backbone of malnutrition control in many countries. The most commonly fortified food products, being wheat flour and bread meal, milk products including infant formula and weaning foods for improving the nutritional status of the community (Sachdev et al., 1999).

The joint FAO/WHO expert committee of food activities (1999) has given provisional approval for the use of sodium, iron, ethyl diamine tetra acetic acid in food fortification programme to improve iron status.                       It is expected to be most efficient in non-deficit population substituting on cereal and legume based diets such as whole wheat flour, corn meal, soyabeans and other legume products.  Sugar, salt, fish sauce, soya sauce and certain spices could also serve as vehicles for delivering the fortificants.

As well as dietary management, adequate dietary intake is thus preventive in that it blosters immunity.  Indeed, it has been claimed that longer terms trends (over decades) towards improved health in many countries are basically due to the preventive effect of better nutrition.  As might be expected from such morbidity effects, other studies have directly shown that positive impact of supplementary feeding programs on mortality rates (http://portal. unesco.org).

The nutritional status of children is a good indicator of the overall well-being of a society and reflects food security as well as existing health care and environmental conditions (www.emro.who).

Child’s nutrition is important to their overall health.                   Proper nutrition also prevent many health problems, including becoming underweight, developing weak bones and developing nutritional deficiencies.  It will also ensure the physical growth to their full potential (www.idpas.org).

When  foods are supplemented with one or more of the micronutrients, the total amount of added micronutrients content in 100g of dry food should be at least two thirds of the reference daily (www.negin.org).

A proper well balanced diet, good eating habits, a good school lunch combined with some amount of nutrition awareness goes a long way in improving their nutritional status (www.oup.com).

Nutritional problem among children are common in India and one of the reasons, is poor feeding practices among the young children.               The best way of ensuring child survival is to initiate steps to improve nutritional status of children.  Nutrition and health of child, is the product of dietary intake and morbidities suffered by the child (Goyle et al, 1999).

The existing national programmes relating to nutrient supplementation with iron and folic acid to prevent nutritional anaemia, vitamin A solution to prevent blindness, iodized salt to control goitre in the endemic areas and iron fortified salt to combat iron deficiency particularly among children was continued.  Production and distribution of fortified salt was streamlined. Low -cost salt fortification technology was developed and the possibility of double fortification of salt with both iron and iodine and their distribution in areas where both anaemia and goitre are prevalent was explored.  Distribution of iron and folic acid and vitamin A supplements through ICDS infrastructure was further strengthened.  Programme of fortification of milk with vitamin - A was geared up to expand production capacities of the existing diary units and cover additional dairies in the cooperative sector (Beard., 2001).

Eligible children (defined by age and perhaps also by anthropometric status) should receive 350 - 500 kcal of fed on site or double this amount if given as a dry taken-home ration.  Protein should supply 8 - 12 per cent energy.  Fat should supply 20 -25 per cent energy in order to increase energy-density and reduce bulk (www.wikipedia.org).

There are important interactions between dietary intake and health status, with implications for supplementary feeding programs.              The so-called “malnutrition -infection complex” has been well documented.  Basically, both ill health and poor dietary intake can result in malnutrition,           but there is an important synergistic interaction whereby the combined effect is usually worse than the sum of the two individual effects.  

Nutrition affects development as much as development affects nutrition. It is therefore, important to tackle the problem of malnutrition both by direct nutrition supplementation/intervention for specially vulnerable groups as well as through various development policy instrument which will create conditions for improved nutrition.

III. METHODOLOGY 


The methodology pertaining to the study on “Effect of Supplementation of low cost Health Mix on Nutritional Status of  Pre-school girls” dealt under the following headings.

A. Selection of the area

B. Selection of the subjects

C. Formulation of the tools

D. Conduct of socio-economic survey

E. Supplementation study with health mix

i. Formulation and evaluation of health mix for supplementation

ii. Nutrient content of the supplement

iii. Supplementation of health mix on selected study groups

iv. Assessing the effect of health mix on nutritional status of the selected study groups

a. Anthropometric measurement

1) Height, 2) Weight, 3) BMI, 4) Grades of malnutrition,               5) Head and Chest circumference, and 6) Mid upper arm circumference

b. Individual dietary intake

c. Clinical examination

d. Bio-chemical estimation


1) Blood haemoglobin, 2) Serum total protein, albumin and globulin 

F. Analysis and interpretation of data

A. Selection of the area

Sri Avinashilingam Primary school, Coimbatore was selected as the area for the conduct of this research study.  This school was chosen because of the availability of the required number of preschool children and easy accessibility.  The authorities rendered their full support and cooperation in the conduct of the study. The cooperation and willingness of the children also helped the investigator to complete this study effectively.

B. Selection of the subjects

Early childhood is the crucial period of rapid growth and development and also addressing macro and micro nutrient deficiency diseases. Therefore they need extra nutritional care to promote and maintain their nutritional and health status. A total of 106 children in the age group of 4 - 6 years, attending the primary school were selected through random sampling for the present study. Random sampling is a method, where a group is choosen from an entire population such that every number of the population has an equal and independent chance of being selected in a single sample (Kothari, 2004 and Ahuja, 2003).

The selected preschool children were classified according to ICMR (2005) and the number of children in this age group is given in Table - I

Table - I 

Agewise distribution of the selected subjects

	Age (years)
	No of subjects
	Per cent

	4

5

6
	16

44

46
	15.1

41.5

43.4


From the universe, the research deliberately selects certain units for the study and consider it as purposive sampling.  In the purposive sampling method, the investigator uses his or her own judgement about the respondent to choose or pick the best to meet the purpose of the study.  Hence, purposive sampling was adopted for selection of sub samples for further indepth study.  The criteria used for the selection of sub-samples were:

· In the age group of 4 -6 years from either low or middle income families

· Anthropometric measurements should be below the NCHS standard values

· Haemoglobin value should be below the standard value of  WHO (2004).

According to HUDCO (2004), the total family income for low income group ranged from Rs.2500 to 4500, for middle income Rs.4501 to 7500 and for high income Rs.7501 and above. The income levels were considered for the selection of subjects for further study and were selected from low (or) middle income families, since their food and nutrient intake was almost similar.

Measurements are relatively economical to carry out. It involves physical measurement of an individual and relating them to standards that reflects the growth and development of an individual. These measurements remain the conventional benchmark evaluating the nutritional profile of an individual (Krause, 2004). Anthropometric measurements were recorded carefully for the selected 106 children and were considered for the selection of subjects for supplementation study.

Screening the subjects for anaemia was an another criteria used to select the subjects for supplementation study. Haemoglobin level is an important, useful   index of the overall nutritional status, irrespective of its role in anaemia (Foster, 1992).  Anaemia has been recognized as being associated with protein energy malnutrition (Dempster et al., 2006). Haemoglobin level was analysed by Cyanomethaemoglobin method for all the 106 subjects and anaemic children were considered for supplementation study.

C. Formulation of the tools

According to Kothari (2004), the interview schedule is a proforma containing a set of questions and are very useful in gathering information.  It is generally filled by the researchers or the enumerators who are specially appointed for this purpose.  Interview schedule (Appendix - I) was used for the collection of the information from all the selected subjects about their socio-economic background information, dietary pattern, and nutritional and health status.

D. Conduct of socio-economic survey



Socio-economic survey was conducted for the 106 families of the selected subjects to identify the sub samples for supplementation study.          The detailed interview schedule was administered to the parents of the selected 106 children and collected information from the selected subjects.

E. Supplementation Study with health mix



Studies conducted by Rao (1999) proved that the nutritional supplement in early childhood has long lasting effects on body size and health and these benefits acquired by some group of children remain throughout adulthood.  Development of supplementary foods based on low cost, locally available, indigenous foods familiar to homemakers has been one of the strategies suggested to improve nutritional status and to combat malnutrition among children.  Hence, development of supplements using low cost, locally available cereals, pulses with or without oilseeds has been one of the strategies suggested to control macro and micronutrient deficiency diseases among low socio-economic groups especially among growing children (Dhaiya and Kapoor., 1994).  Keeping all these points in mind, the investigator formulated macro and micronutrients rich health mix in the form of sweet ladoo for supplementation.

i. Formulation and evaluation of health mix for supplementation

Food supplementation is one of the most effective ways of improving health status and preventing deficiency diseases. Hence, the investigator thought of formulating nutrient dense health mix in the form of sweet ladoo, using the ingredients of ragi, soyabean, groundnut and jaggery for the preparation.  Ragi is superior to rice and wheat in certain constituent of calcium.  This finger millet protein has well balanced amino acid profile and is a good source of methionine, cystine and glycine and contributes vitamins like thiamine, riboflavin, foline and niacin. Soya flour was chosen for incorporation as it is less expensive yet rich in calories, protein, fats, vitamins and minerals.  Soya contains 45 percent of protein of high biological value.                            Though methionine is the limiting amino acid and its lysine and threonine content is high, thus making it as a good supplement of cereal protein.  Groundnuts are valuable for its calorific value and jaggery for its iron content. Combination of these ingredients contributes good quality and quantity of nutrients and make this food based supplement as an excellent food item for improving the health status of the growing children.

Totally 20 variations, 4 from each of five formulations were developed. In all the 20 formulations, ingredients were incorporated at  different level. The quantity of ingredient used in different variations are given in Table - II.

Table - II

Quantity of ingredients used in different variations

	S.No
	Ingredients
	Variations (g)

	
	
	I
	II
	III
	IV

	I
	Rice

Horsegram

Groundnuts

Jaggery
	5

5

5

10
	5

10

3

7
	10

5

7

3
	10

7

5

3

	II
	Ragi

Soya bean

Groundnuts

Jaggery
	5

5

5

10
	5

10

3

7
	10

5

7

3
	10

7

5

3

	III
	Wheat

Roasted bengalgram

Sesame seeds

Jaggery
	5

5

5

10
	5

10

3

7
	10

5

7

3
	10

7

5

3

	IV.
	Maize 

Black gram dhal

Sesame seeds

Jaggery 
	5

5

5

10
	5

10

3

7
	10

5

7

3
	10

7

5

3

	V.
	Bajra 

Green gram dhal

Groundnuts 

Jaggery 
	5

5

5

10
	5

10

3

7
	10

5

7

3
	10

7

5

3


Ingredients used were accurately weighed, all these ingredients except jaggery were carefully roasted to enhance the flavour and texture and finely powdered with jaggery and cardamom. Then the processed ingredients were evenly mixed and made into small balls. The small balls were termed as sweet ladoo.

Acceptability study was conducted for the 20 variations of the five formulated mixes using sensory evaluation based on characteristics such as appearance, colour, flavour, taste and texture, with the help of score card by a group of ten qualified taste panel members of post graduated students.                From the 20 formulated mixes, variation which secured maximum score in the acceptability trials was selected for supplementation study.

ii. Nutrient content of the supplement

Table - III gives the amount of ingredients used in the preparation of supplement and nutrients contribution of energy, protein, fat, calcium, iron beta-carotene, thiamine and riboflavin content.

Table - III

Nutrient content of the supplement

	Ingredients
	Amount (g)
	Energy (Kcal)
	Protein (g)
	Fat (g)
	Calcium (mg)
	Iron (mg)
	Beta-carotene ((g)
	Thiamine (mg)
	Riboflavin (mg)

	Ragi
	5
	16.4
	0.365
	0.065
	17.2
	0.195
	2.1
	0.021
	0.095

	Soyabean
	5
	21.6
	2.16
	0.972
	12.0
	0.520
	21.3
	0.036
	0.019

	Groundnuts
	5
	28.5
	1.31
	1.99
	  3.85
	0.155
	0
	0.019
	0.065

	Jaggery
	10
	38.3
	0.04
	0.01
	8.0
	0.264
	-
	-
	-

	Total
	25
	104.8
	3.875
	3.037
	41.05
	1.134
	23.4
	0.076
	0.179


No single legume or cereal provide adequate amounts of all nutrients to meet the nutritional requirements of a child. However, even before knowledge on protein content, protein quality, digestibility and the nutrient requirements of humans became available, it was recognized that mixing legumes with cereals in the diet improve overall nutrition. The present and newly derived knowledge in these areas makes it possible not only better nutritional quality but also the necessary attributes (www.nutrition.com).

 Cereals, Pulses and oilseeds used in supplements contribute macro and micronutrient content.

iii. Supplementation of healthmix on selected study group

Nutritional status is the condition of health of an individual         as influenced by nutrient intake and its utilization in the body (Sunita and               Jain, 2005).

Health mix is valuable for its nutrient density of its unique characteristics of being rich in both macro and micro nutrients.  Sub samples selected were grouped into experimental group (N=20) and control group (N=20). The experimental group received the 25g of health mix in                      mid-morning, daily for two months. There was no nutritional supplementation was provided for the control group during the study period of two months.

iv. Assessing the effect of healthmix on nutritional status of the selected study groups

Nutritional status of an individual can be determined with the help of anthropometric measurements, individual dietary intake, clinical examination of symptoms of nutritional deficiencies and laboratory investigations of bio-chemical estimation. Combination of these methods provide better picture of assessment of nutritional status of the target groups. Hence, the investigator desired to include all these four aspects for assessing the health status of the study groups.

a. Anthropometric measurements

Anthropometric measurements are the universally applicable, inexpensive and most sensitive parameters used for assessing the nutritional status of children.  It reflects both health and nutritional status and also predicts performance, health and survival of the selected population. Use of anthropometric measurements depends on accurate age as well as appropriate standard for comparison.  The most commonly used indicators of nutritional status are listed below:

1. Standing height

Height of an individual is principally a measurable of skeletal bony tissue (Jelliffe and Jelliffe, 1989). The selected children in the study groups were allowed to stand against a wall, bare foot and with heels, buttocks, shoulder and back of the head touching the wall. The head was held comfortably erect with the arms hanging freely at the sides in a natural manner with the help of scale which was kept perpendicular to the wall and then a mark was made on the wall, after which a non stretchable measuring tape was used to record the height of the subjects in cm. Height of the subjects in the study groups was measured, before and after supplementation period of 60 days.

2. Body weight

Body weight is the most widely used simplest, reproducible anthropometric measurement for the evaluation of nutritional status of the population.  It is more sensitive measure of nutritional adequacy than that of height and reflects recent nutritional intake.  Weight also provides a crude evaluation of overall fats and muscle stores (Brahman, 2005). Weight of the selected subjects in the study groups (experimental and control) was recorded using digital electronic human weighing machine.  Subjects were asked to stand on the weighing machine, without touching anything.  The readings were carefully recorded nearest 0.1 kg of weight, before and after the nutritional intervention period of 60 days.

3. Calculation of Body Mass Index (BMI)

BMI is defined as the individuals body weight divided by the square of their height in metre. The formulas universally used in medicine produce a unit of measure that is not dimensionless; it is kg/m2.   Body mass index may be accurately calculated using the formula of   
Weight (kg)    and categorized as follows (www.kidshealth.org).


Height (m2)
table - iv
body mass index 
	Category
	BMI range - ( kg/m2)

	Starvation

Underweight

Ideal weight

Overweight

Obese

Morbidity Obese
	Less than 15

From 15 to 18.5

From 18.5 to 25

From 24 to 30

From 30 to 40

Greater than 40


                      Source: (www.keepkidshealthy.com)

BMI is used differently for children.  It is calculated the same way as for adults but then compared to typical values for other children of the same age. Instead of set thresholds for underweight and overweight, then, the BMI percentile allows comparison with children of the same gender and age.  A BMI that is less than the 5th percentile is considered underweight and alone 95th percentile is considered overweight. Children with a BMI is considered overweight. Children with a BMI between 85th and 95th percentile are considered to be at risk of becoming overweight (Barasi., 2004).

4. Grade of malnutrition

Further, children were classified on the basis of weight for age, a suitable indicator of the nutritional status considering the 50th percentile of NCHS as standard. The classification for degree of malnutrition is given in Table – V.
Table - v 

Degree of Malnutrition

	Weight for age (%)
	Category / Degree of Malnutrition

	> 90

75 - 90

60 - 75

<60
	Normal

First degree / Grade I

Second degree / Grade II

Third degree / Grade III


            Source: Gomez et al., 1955

5.  Head and chest circumference


Head size related mainly to the size of brain which increases quite rapidly during infancy.  The chest of a normally nourished child increases faster than head circumference by about one year age.  In protein energy malnutrition due to poor growth of chest, the head circumference remain to the higher than the chest even at the age of 2 ½ to 3 years (NIN, 2000).

The chest circumference of the selected subjects in the study groups is recorded at the nipple level preferably in mid inspiration using flexible fibre glass tape. The head circumference is also measured passing the tape round the head over the supraorbital ridges of the frontal bone in front and the most protruding point of the occiput on the back of the head. (www.wikipedia.org).

 Head circumference of the subjects in the study groups were accurately recorded and used for analysis of data to find out the effect of supplementation on nutritional status of the children.

6. Mid upper arm circumference


Mid upper arm circumference is recognized to indicate the status of muscle development.  It is useful not only in identifying malnutrition but also in determining the mortality rate in children. It correlated well with weight, weight for height and clinical signs (www.kidshealth.org).


On the left hand of the children, the midpoint between the tip of the acromion of scapula and tip of the elecramon of the fore arm bone, ulna is located with the arm flexed at the elbow and marked with a marker pen.             Fibre glass tape is used and the reading was taken to the nearest millimeter (www.wikipedia.org) for the selected subjects in the study groups before and after the study period of 60 days.

b. Individual dietary intake

Diet surveys were conducted in all the families with regard to food consumption.  Information about each preschool child’s diet was collected from their families using 24 hour food weighment survey. The percentage calorie adequacy of the child’s diet was calculated taking the mean calorie intake and comparing it with the recommended daily allowance prescribed by the Indian Council of Medical Research (http://betterhealthchannel.vic.gov).    A diet survey provides information about dietary intake pattern of specific food consumed and estimated nutrient intakes.

Everyday food is weighed in morning and evening before actual cooking.  Edible portion of raw food used in the cookery was weighed.           All family members who consume their food, the age, sex, physiological status should be noted down.

Food converted to nutrients by refering to food composition tables.  The nutrient intake thus can be expressed per consumption unit or per capita.  Though weighment method is relatively more accurate as it involves direct weighing of food. It is time consuming and needs cooperation of the housewives (Food science and nutrition bulletin, 2005).

In order to obtain the actual dietary intake of the girls in the study groups, 25 per cent of girls in each groups was covered and the food weighment survey was adopted for three consecutive days.

c. Clinical examination



A nutrition focused physical examination, is an important component of overall nutritional assessment as some nutritional deficiencies may not be identified by other assessment approaches. This is the observation of outward sign of malnutrition. It involves looking for changes in the body which are indicative of a particular deficiency. The investigator carried out the clinical examination with the help of physician for the children in the target groups in order to find out the children who are suffering from obvious signs and symptoms of nutritional deficiencies.

d. Bio-chemical estimation

In the development of any deficiency disease, biochemical changes can be expected to occur prior to clinical manifestation.  Therefore biochemical tests, which can be conducted on easily accessible body fluids such as blood and urine, can help to diagnose disease at the such clinical stage.

Most of the nutritional deficiencies are characterized by changes in body fluids and tissues. The commonly used biochemical indices for the study was estimation of haemoglobin, serum total protein, albumin, globulin and albumin/globulin ratio. Blood parameters analysed before and after supplementation were compared to find out the effect of supplementation on the selected study groups.

1) Estimation of blood heamoglobin


It is a useful index of the overall state of nutrition irrespective of its significance in anaemia.
Blood haemoglobin of the selected subjects in the study groups was estimated, before and after the study period of 60 days.


2) Serum total protein


The first indication of malnutrition is the lowering of serum total protein, serum albumin and globulin.  Serum total protein albumin and globulin were estimated for the selected subject in the study groups by Biuret method (NIN., 2004).

F. Analysis and interpretation of data

The data collected were organized to obtain the desired results and interpreted scientifically (Kothari, 2004). The collected data was systematically analysed for arriving at the result of the effect of supplementation on nutritional status of the selected subjects in study groups.  For the analysis of the data, percentage was worked out wherever needed and statistically analysed and compared using the students ‘t’ test.  The findings with the detailed discussion are presented in Chapter IV.

The methodology of the present study is described in the following schematic diagram:  

      Research design

Selection of 
the subjects

grouping of 
subjects 

supplementation 

evaluation 

 

IV. RESULTS AND DISCUSSION

The results pertaining to the present study on “Effect of Supplementation of low cost Health Mix on Nutritional Status of  Pre-school Girls” are discussed under the following headings:
E. Socio-economic status and dietary pattern of the selected subjects

F. Health status of the selected subjects
G. Identification of girls for supplementation study and
H. Effect of supplementation of low cost health mix on nutritional status of girls in the study groups.

Health and nutritional status of an individual are affected by an unfavourable socio-economic status of the family, hence it is essential to include in the present study. Out of one hundred and six preschool girls                (4-6 years), underweight and moderately anaemic girls belonged to middle income were identified and selected for the supplementation study. They were further grouped into experimental (N=20) and the same category was selected for control group (N=20). The research findings are given in the classification of experimental group and control group and are presented in following pages.
A. Socio-economic status and dietary pattern of the selected subjects

Background information regarding the type and size of the family, age, education, occupation, and monthly income of the parents of the selected subjects and their dietary pattern were collected and findings of these aspects are discussed as follows:

Table – VI

socio - economic Profile of the selected subjects
	S.No
	Details
	No. of families   N=106
	Per cent

	1
	Type of family

Nuclear

Joint
	78

28
	74

26

	2
	Family  size

0-4

5-6

6 and above
	78

28

-
	74

26

	3
	Educational status of the parents

Upto primary school

Upto High School

Upto Higher secondary school

Colleges

Illiterates
	42

25

20

-

19
	40

24

19

-

17

	4
	Occupational status of the father

Coolie

Mechanic

Farmer

Business
	16

27

29

34
	15

26

27

32

	5
	Monthly income (Rs.)

2500-4500

4501-7500

7501 and above
	62

44

-
	59

41

-


     * HUDCO (2004)
i. Type and size of the families

From the above Table, it was evident to note that 74 per cent of the families of the selected subjects belonged to nuclear family system and 26 per cent of them were in joint family system Life Insurance Corporation of India censes (India year book, 2005), pointed out that as low as 10-20 per cent of the total Indian population live in the age old joint family system and others stick on to the nuclear family system and majority of the families (74 per cent) selected for the study had exactly four family members and twenty four per cent had more than four members in their families.

ii. Educational status of the parents of the selected subjects

Educational status of the population groups are powerful determinant of nutritional status, as it creates an awareness on the importance of good nutrition and balanced diet for optimum growth and development that lead to healthy life (Jelliffe and Jelliffe 1989). Out of 106 parents, of the selected subjects sixty eight per cent were educated and had education at various levels of schools and college. From the Table it is cleared that 40 per cent of them had education, up to primary school level, 24 per cent had middle school level education and 19 per cent of them had secondary school level education. Thus, higher percentage of the parents had minimum educational qualification which might be due to their poor economical background and it indirectly pointed that their lack of knowledge with regard to foods and its role in maintaining health was affected

iii. Occupational status

Occupational status is the important determinant to reflect the economic status of the family. An analysis of occupation of the parents revealed that 32 per cent of the fathers of the selected subjected were business man and 27 per cent were farmers, 26 per cent were worked as mechanics and 12 per cent were coolies. In the case of mothers of the selected subjects, 55 per cent were full time home makers, 24 per cent were engaged in agricultural works and 21 per cent were coolies.
iv. Economic status

According to HUDCO –Income classification (2004), majority of the parents 59 per cent earned less than Rs.4500 as their monthly income and belonged under low income group and rest of them belonged to middle income group and earned Rs 4500- 7500/- every month. Gopalan (1997) revealed that the prevalence of malnutrition is higher in low income than in middle or high income groups.

The purchasing ability of the family is directly proportional to their family income level. Income of the selected families was meager and had influences on the food consumption, especially fruits and vegetables, generally considered to be expensive. This leads to have inadequate intake of protective foods and responsible to have deficiency diseases.
v. Food expenditure pattern of the selected families
Nutrition is one of the indispensable factors that is closely associated with the physical and mental health of the children. That is why nutrition through a balanced diet plays a vital role in developmental activities that helps to achieve a high level of individual and public health.           Adequate food is the most important requisite for growth and development (Rana and Hussain 2001).

Table - VII shows the food expenditure pattern of families of the selected subjects.
Table - vii
Food expenditure pattern of the selected families

	Income spent or food (Rs.)
	No. of families
	Per cent

	500-1000
	51
	48

	1000-1500
	45
	42

	1500-2000
	5
	5

	More than 2000
	5
	5


It is clearly revealed from the Table that, the amount of their income spent on food was high in low income level. Fifty three per cent of them spent Rs.500-1000 on food, 42 per cent spent Rs1000-1500 and 10 per cent of them spent more than Rs.1500/- to meet their food expenditure.

Carlos, et al (2004) pointed out that, there is a positive relationship between socio-economic status and malnutrition especially in development countries.
vi. Dietary pattern

The dietary habits and number of meals taken by the members of the families is shown in Table-VIII.

Table - VIII
Dietary pattern of selected subjects
	Dietary habits
	No. of families
	Per  cent

	Vegetarian

Non-Vegetarian

Ova-vegetarian
	30

60

16
	28

57

15

	Number of meals

3 meals

4 meals
	96

10
	91

9


Majority of the selected subjects (57 per cent) were non-vegetarians but they consumed non-vegetarian foods occasionally. Twenty eight per cent of the selected subjects were vegetarians and rest of the selected subjects were ova-vegetarian. From the Table, it is cleared that ninety one per cent of the selected subjects took three meals daily and only nine per cent had four meals a day.
vii. Type of lunch taken by the selected subjects

Lunch has become a necessity for preschool children as their schools are either located far away or their lunch break is too short for the children to go home and have their lunch. Hence it is customary to have packed lunch carried either by the child or their brothers and sisters and most of them were beneficiaries of the school lunch programme. Table-IX denotes the type of lunch taken by the selected subjects. 

Table-ix
Type of lunch taken by the selected subjects
	Type of lunch
	No. of Subjects N=106
	Per cent

	Packed lunch
	50
	47

	Beneficiaries of School lunch programme
	56
	53


From the above table, it is interesting that note that 47 per cent of the selected subjects had their packed lunch which was brought by them or by their sisters or brothers of the selected subjects. Rest of them (53 per cent) beneficiaries of the school noon meal program.
viii. Meals skipped by the selected subjects

Table-X shows the meals commonly skipped by the selected subjects.
Table - X
Meals commonly skipped by the selected subjects

	Skipping meals
	No. of Subjects

N=106
	Per  cent

	Breakfast
	53
	50

	Lunch
	28
	26

	Dinner
	25
	24


It is cleared to understand 50 per cent of the selected subjects skipped their breakfast regularly. Twenty six per cent skipped their lunch and 24 per cent skipped their dinner, The reasons given for skipping the meals revealed that the selected subjects disliked most of the food items and expressed that they did not have appetite and nearly thirty per cent of the subjects skipped their lunch including breakfast due to lack of time and rest of them did not give proper reasons for skipping their meals. Skipping of meals is common among young children, even in the pre school grades. Children who skipped meals tend to consume lesser energy and other nutrients than those who had all the meals regularly and also below the ICMR-RDA. The children who fail to take their meals regularly were more likely to experience to deficits in their performance (Mahan and Stamp, 2000).

B. Health status of the selected subjects 

 Health is the state of physical, mental and social well being and not merely the absence of disease or infirmity. To maintain good health, nutritious diet containing all the nutrients in correct proportion is important for consideration. 

i. Morbidity pattern among the selected subjects
Morbidity pattern among the selected subjects in the past six months is given in Table - XI.

Table - xi

morbidity pattern among the selected subjects

	Health Problems
	No. of Subjects N=106
	Per cent 

	Viral Infection
	15
	14

	Typhoid
	4
	4

	Chicken pox
	3
	3

	Chickunkunia
	4
	4

	Cold and cough
	23
	22

	Diarrhoea
	18
	17


Generally malnutrition is associated with increased risk of respiratory diseases and diarrhoea. Diarrhoea and other intestinal disorders impair micronutrients absorption, where respiratory tract infections like measles and other illness increase the metabolic demands. This is of great importance in India where 20 per cent of child mortality is due to diarrhoea and 21 per cent due to acute respiratory infections (Hames, 1999).
From the Table - XI it was observed that prevalence rate of fever, cold, cough and diarrhoea were high when compared to malaria, typhoid, and chicken pox. Protein energy malnutrition generally increases the susceptibility to infections and consequent morbidity in terms of diarrhoea, fever and cough were more direct outcome of marginal nutritional differences (Kurpad 2006).
ii. Infectious diseases suffered by the selected subjects

The common infectious diseases such as viral fever (14 per cent) chickunkunia (4 per cent), typhoid (4 per cent), chickenpox (3 per cent) and cold and cough (4 per cent) were also noted among the subjects in the six months of study period. These infectious diseases except viral fever prevalence might be due to their poor dietary pattern or immunity. The prevalence rate of fever, cold, cough and diarrhoea and dysentery were high when compared to malaria, typhoid and jaundice.
iii. Immunization pattern


 It was interesting to note that 87 per cent of the preschool girls were immunized for infectious diseases. Unfortunately 13 per cent of the preschool girls subjected to have measles, diarrhoea, and certain respiratory infections and this might be due to poor vitamin a profile of the selected subjects.
C. Identification of girls for supplementation study
i. Formulation and acceptance of low cost health mix


The acceptance response was derived mainly from consumption pattern of subjects. Quantity of consumption, plate waste and facial expression of the girls were considered for selecting the suitable supplement for the supplementary study.

a. Mean quantity of health mix in the form of sweet ladoo consumed by the selected subjects

Among the 20 varieties of healthmix with 5 variations, most acceptable by the panel members were further evaluated for its acceptable quantity of consumption by the subjects in each of the study groups. Table-XII and figure-II  reveals the mean quantity of healthmix prepared and given to the subjects in the study groups.
Table- xIi
Quantity of health mix consumed by the selected subjects in the study groups

	S.   No
	Healthmix based on
	Mean quantity of health mix(g)

	
	
	Given
	leftover
	consumed

	1
	Rice, (Horsegram, Groundnuts, Jaggery)
	25
	      5
	20

	2
	Ragi, (Soyabean, Groundnuts, Jaggery)
	25
	0
	25

	3
	Wheat, Roasted (Bengal gram, Sesame seeds, Jaggery)
	25
	5
	20

	4
	Maize, (Black gram dhal, sesame seeds, Jaggery)
	25
	10
	15

	5
	Bajra, (Green gram dhal, Groundnuts, Jaggery)
	25
	12
	13


The formulated health mix based on Ragi, Soyabean, Groundnuts and jaggery was completely consumed by the preschool children. This was followed by the healthmix based on rice and wheat. Consumption was acceptable by the preschool children, 20 g was consumed leaving rice based and wheat based healthmix. All the girls in the study groups expressed that soyabean healthmix was very good and ready to consume completely. The bajra based healthmix was not soft and the flour was slightly course when compared to soyabean and these factors affected the acceptability of the 
product. The maize based healthmix was also not palatable because of the slight bitter taste, unfavourable texture and flavour.

ii. Identification of girls for supplementation study

Nutritional status of 106 girls were assessed by anthropometric measurements and haemoglobin level and considered for identifying the girls to involve in the supplementation study and data are discussed as below:
a.Anthropometric measurements of the selected subjects(4-6 years)
Preschool children constitutes one of the most important nutritionally vulnerable segments of the population and their nutritional status is considered to be a sensitive indicator of community health and nutritional status and it should be assessed effectively. The common parameter is anthropometric measurements.

Anthropometric measurements is not only an outcome of food intake but also a determinant of health status of the population.
Table-XIII and figure-III predict mean height and weight of the selected girls in the study groups.
Table- XIII
Mean height and weight of the selected subjects
	Age(yrs)
	N
	Height (cm)
	Weight(cm)

	
	
	NCHS values
	Mean
	Difference
	NCHS value
	Mean
	Difference

	4
	23
	105.0
	103.9
	-1.1
	16.8
	14.2
	-2.6

	5
	44
	111.0
	109.6
	-1.4
	18.6
	17.2
	-1.4

	6
	42
	117.6
	115.6
	-2.0
	20.6
	18.6
	-2


Observations recorded for 106 girls revealed that the mean height of four year, five year and six year girls were 103.9cm, 107.6,cm and 110.9cm respectively. The mean height of the selected subjects was lower than the standard values suggested by NCHS (Bamji et al., 2003). The mean difference in height of the selected subjects of four, five and six years according to NCHS standard values were found to be 1.1cm, 1.4cm and 2.7cm respectively.

               
The mean weight of four, five and six year old girls were found to be 13.6kg, 15.5kg and 16.9kg respectively. It was alarming to note that the mean weight of the girls were below the NCHS standard value. The result revealed that the mean weight of the selected preschool girls was less than NCHS standard values and that was 3.2kg for four year old,3.1kg for five year old and 3.7kg for six year old girls.



Sachdev (1996) observe that, the young children from the poor community/low income group of developing countries like India have low birth weight and height. The same observation was noted in the present study also.

b. Haemoglobin level of the selected subjects

                       Haemoglobin level has estimated by Cyanomethaemoglobin method suggested by Varley (1988) and considered as a criteria for identifying the girls for supplementary studies.

Table-XIV and figure-IV gives the percentage prevalence of anaemia among the selected subjects.
Table-XIV
Mean haemoglobin level of the selected subjects
	Percentage prevalence of anaemia
	Normal Haemoglobin level
	Distribution of subjects

	
	
	N
	%

	Normal and non anaemic
	12g/ dl and above
	54
	50

	Mildly anaemic
	10-11.9 g/dl
	26
	25

	Moderately anaemic
	7-7.9 g/dl
	25
	24

	Severely anaemic
	7g/dl and below
	1
	1


Table-XIV and figure-IV show the existence of the various grades of anaemia among the selected 106 subjects. Fifty one per cent of the selected subjects, 26 per cent, 25 per cent and less than one per cent were healthy and non anaemic, mildly anaemic, moderately anaemic and severely anaemic respectively. Prevalence of anaemia is common among under weight young children of preschool age.

D. Effect of supplementation of low cost healthmix on nutritional status of girls in the study groups
Early childhood is a period of rapid physical and mental growth and development and their nutritional requirements are higher per unit of body weight than those of adults (Sarojini, 2003). Children are sustainable to have deficiency diseases that include Vitamin A deficiency, iron deficiency anaemia and iodine deficiency disorders.

Food based approach with macro and micro nutrients are very effective to enhance the nutritional status of an individual. To assess the effect of supplementation on the nutritional status of the selected children, nutritional anthropometric measurements, clinical examination, individual dietary intake and biochemical estimation were carried out and data collected are given as follows:

i. Nutritional anthropometric measurements

Anthropometric measurements included in the present study are height, weight, body mass Index, head and chest circumference, mid-arm circumference and grade malnutrition of the selected subjects in the study groups 

a. Mean height of the selected subjects in the study groups

Table-XV and figure-V give the details of regarding the height of the selected subjects in the study groups. 
TABLE - XV
Height of the selected subjects in the study groups (before and after supplementation

	Age  (yrs)
	Experimental  
	Control 

	
	Mean ± SD
	Mean difference 
	‘t’ value
	Mean ± SD
	Mean difference 
	‘t’ value

	
	Initial  
	Final
	
	
	Initial  
	Final
	
	

	5
	110.020

± 7.540
	111.940

± 7.569
	1.92
	13.535**
	110.125

± 0.08
	110.205

± 7.569
	0.08
	2.138NS

	6
	114.322

± 5.909
	115.466

± 5.852
	1.144
	6.091**
	115.814

± 5.217
	115.742

± 5.216
	0.072
	2.500NS


NCHS-National Centre for Health Statistics (2002)

** - Significant at 1% level;  * -Significant at 5% level;  NS  -  Non significant

The mean height of the selected subjects aged 5 and 6 was 110.02 and 114.32, respectively before supplementation. After supplementation, it is evident to note that there was a statistically significant improvement at one per cent level and it was observed in the experimental and there was no increment in the height of the selected subjects in the control group. By conclusion, the height of the selected subjects in the age group of five and six were below the NCHS standard value and it reflects the poor nutritional status of the subjects in the study groups.

b. Mean weight of the selected subjects in the study groups

Table -XVI and figure-VI give the details regarding the weight of the selected subjects in the study groups.
Table - XVI
Weight of the selected subjects in the study groups
	Age  (yrs)
	Experimental  
	Control 

	
	Mean ± SD
	Mean difference 
	‘t’ value
	Mean ± SD
	Mean difference 
	‘t’ value

	
	Initial  
	Final
	
	
	Initial  
	Final
	
	

	5
	17.165

± 2.918
	18.619

± 2.790
	1.454
	11.282**
	17.374

± 1.536
	17.166

± 1.530
	0.208
	2.004 NS

	6
	18.610

± 3.477
	19.843

±3.238
	1.233
	10.961**
	18.75

± 2.302
	18.861

± 2.335
	0.11
	1.565 NS


NCHS-National Centre for Health Statistics (2002)

** -Significant at 1% level;   *  - Significant at 5% level;  NS  - Non significant

From the above Table it is clear that, there was one per cent significant increment in the weight of the subjects in the experimental group and there was no significant increment in weight of the selected subjects in the control group. Mean weight of the selected subjects in the age group of five and six years were recorded and compared with National Center for Health Statistics (NCHS) standard values (2002). The mean weight of selected subject in both experimental and control group was below the NCHS standard values.
c. Body mass index of the selected subjects in the study groups
Table-XVII shows the BMI of the selected subjects in the study groups, before and after supplementation for the period of 60 days.
Table-XVii
Body Mass Index of the selected subjects in the study groups

	Age  (yrs)
	Experimental  
	Control 

	
	Mean ± SD
	Mean difference 
	‘t’ value
	Mean ± SD
	Mean difference 
	‘t’ value

	
	Initial  
	Final
	
	
	Initial  
	Final
	
	

	5
	13.936 ±0.9235
	14.800          ± 0.9083
	0.87
	11.282*
	13.816 ±1.622
	13.632 ±1.553
	0.18
	2.156NS

	6
	14.107 ±1.300
	14.775 ±1.045
	0.67
	4.885*
	13.938 ±1.268
	13.998 ±1.232
	0.06
	1.221NS


NCHS-National Centre for Health Statistics (2002)

*     -   Significant at 5% level;   NS  -  Non significant

From the above Table, it is noted   that the selected subjects in the experimental group shows significant increment in the height and weight, there was an increase in their BMI. The significant increment was at 5% level. The selected subjected in the control group didn’t show any increase in their BMI.
d. Severity of malnutrition among the selected subjects in the study groups
Table-XVIII presents the information pertaining to the severity of malnutrition found to exist in the selected subjects of the study groups.           The Indian Academy of pediatrics (2002) recommended the following classification for the grade of malnutrition and it denotes that > 90%, 60-75%, 75-90%, <60% as normal, first, second and third grade of malnutrition respectively. As per percentage of weight for age the experimental group and control group of 5 years and 6 years initially belonged to grade I and grade II degree of malnutrition and after supplementation, the grade of malnutrition slightly positively from grade II to grade I and from grade I to normal and it indicates the effect of supplementation on nutritional status of the supplemented group.

Table - xvIII
Severity of malnutrition

	Cut off level as % of NCHS mean
	Experimental
	Control

	
	5 years
	6 years
	5 years
	6 years

	
	Initial
	Final
	Initial
	Final
	Initial
	Final
	Initial
	Final

	
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%

	<60 Grade III/third degree 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	60-75 Grade II/second degree 
	2
	10
	-
	-
	1
	5
	-
	-
	6
	30
	6
	30
	5
	25
	7
	35

	75-90 Grade I / first Degree
	8
	40
	4
	20
	7
	35
	10
	50
	4
	20
	4
	20
	5
	25
	3
	15

	>90 Normal 
	-
	-
	6
	30
	2
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-


The prevalence of malnutrition seems to be more during the preschool age. From the Table, it is evident that fifty per cent of selected subjects and 50 per cent of selected subjects in experimental and control group respectively were aged 5 years and belonged to the category of grade I and grade II malnutrition respectively. Forty per cent of the selected subjects in the experimental group and 50 per cent of the selected subjects in the control group belonged to the age of 6 years belonged to the category of grade I and grade II malnutrition  respectively. Forty per cent of the selected subjects in the experimental group and 50 per cent of the selected subjects in the control group belonged to the age of 6 years belonged to the category of grade I and grade II malnutrition.
After supplementation, there was no significant improvement in the control group. In experimental group girls (belonged to five and six years of age) who was in grade II malnutrition showed some improvement and shifted to grade I Malnutrition and considered as normal.

e. Head circumference of the selected subjects in the study groups

Table-XIX shows the head circumference of the selected subjects in the study group.
Table-XIX
Head circumference of the selected subjects in the study groups

	Age (yrs)
	Experimental
	Control

	
	Initial (cm)
	Final(cm)
	Initial(cm)
	Final(cm)

	
	45-50 
	51-55 
	45-50 
	51-55 
	45-50 
	51-55 
	45-50 
	51-55 

	5
	6
	4
	6
	4
	7
	5
	7
	5

	6
	5
	5
	5
	5
	3
	5
	3
	5


Majority of the girls in the age of five years in both experimental and control groups, had head circumference in the range of 45-50 cm.                After supplementation it was found that there was no appreciable improvement in the increase of head circumference.
f. Chest circumference of the selected subjects in the study groups
Table-XX shows the chest circumference of the selected subjects in the study groups.
Table-XX
Chest circumference of the selected subjects in the study groups

	Age (yrs)
	Experimental
	Control

	
	Initial(cm)
	Final(cm)
	Initial(cm)
	Final(cm)

	
	50-55 
	56-60 
	50-55 
	56-60 
	50-55 
	56-60 
	50-55 
	56-60 

	5
	4
	7
	4
	7
	5
	3
	5
	5

	6
	3
	6
	3
	6
	4
	8
	4
	8


Majority of the girls in the study groups had chest circumference in the range of 56-60 cm. From the above table, it is easy to conclude that there was no marked difference in chest circumference after the supplementation.

g. Mid-arm circumference of the selected subjects in the study groups

The mid arm circumference was recorded to find out muscle wasting, a condition which occurs during protein calorie malnutrition.                     Table-XXI indicates the mid-arm circumference of the selected subjects in the study groups before and after supplementation.

Table-XXI
Mid-arm circumference of the selected subjects in the study groups 

	Age (yrs)
	Experimental
	Control

	
	Initial(cm)
	Final(cm)
	Initial(cm)
	Final(cm)

	
	10-15 
	16-20 
	10-15 
	16-20 
	10-15 
	16-20 
	10-15 
	16-26 

	5
	1
	9
	-
	10
	6
	4
	6
	4

	6
	2
	8
	-
	10
	5
	5
	5
	5


In girls of 5 years of age in both experimental and control groups majority of them had mid-arm circumference in the range of 16-20 cm.              Same trend was noticed in the selected subjects aged 6 years.                             After supplementation it was found that there was little difference in the mid-arm circumference in the experimental group and there is no marked difference in the selected subjects in the control group.
ii.   Mean daily food intake of the selected subjects

a. Mean food intake of the selected subjects in the study groups
Food intake pattern of an individual was affected by socio-economic status, cultural practices and seasonal availability of the foods                    (NIN, 1996). A weighment survey was conducted for three consecutive days in the experimental and control group to find out the adequacy of the diets in terms of nutrient requirement. Average daily dietary intake of the selected subjects in the study group was calculated and compared with RDA suggested by ICMR (2004). Mean food intake of the selected subjects in the study group is given in Table-XXII
Table-XXII

Mean food intake of the selected subjects in the study groups

	Food Items
	RDA ICMR (g)

(4-6 Years)
	Experimental
	Control

	
	
	Mean Intake (g)
	Percent Deficit/ Surplus
	Mean Intake (g)
	Percent Deficit/ Surplus

	Cereals
	200
	220
	+10
	215
	+7.5

	Pulses
	50
	40
	-20
	40
	-20

	Green leafy vegetables
	75
	50
	-33
	60
	-20

	Other vegetables
	50
	25
	-50
	20
	-60

	Fruits
	50
	15
	-70
	15
	-70

	Milk and milk products
	200
	100
	-50
	115
	-42.5

	Sugar and jaggery
	40
	35
	-13
	40
	-

	Oils and fats
	25
	20
	-20
	20
	-20

	Flesh foods
	30
	15
	-50
	20
	-33


The computed mean food intake of the selected subjects in the study groups was compared against the Recommended Dietary Allowance of ICMR (2004). In the above Table, it is evident that mean food intake  except cereals of the selected subjects in experimental and control group was inadequate and inadequacy was most prominent for fruits, other vegetables, green leafy vegetables, milk and milk products and pulses and also energy giving foods of  fats and oils when compared to RDA of ICMR (2004).

 The findings of the present study are in tune with those of     Reddy et al (1998) who reported that protective foods are consumed only in a very small proportion by families belonged to economic by weaker sections in developing countries.

b. Mean nutrient intake of the selected subjects in study groups

Nutrients like energy, protein, fat, calcium, iron, beta-carotene, thiamine and riboflavin were calculated for the foods consumed by the selected subjects in the study groups using Food Consumption Table and results were compared with RDA  ICMR (2004).
The mean nutrient intake was shown in the Table-XXIII.
Table-XXIII
Mean nutrient intake of the selected subjects in the study groups

	Nutrients
	RDA ICMR (4-6 Years)
	Experimental
	Control

	
	
	Mean Intake 
	Percent Deficit/ Surplus
	Mean Intake 
	Percent Deficit/ Surplus

	Energy (Kcal)
	1950
	1780
	-9
	1790
	-8

	Protein(g)
	30
	17
	-43
	22
	-27

	Fat(g)
	25
	20
	-20
	20
	-20

	Calcium(g)
	400
	300
	-25
	315
	-21

	Iron(mg)
	18
	8
	-56
	10
	-44

	Beta-Carotene(µg)
	1600
	860
	-46
	880
	-45

	Thiamine(mg)
	0.9
	0.04
	-100
	0.62
	-31

	Riboflavin(mg)
	1.0
	0.05
	-95
	0.8
	-20

	Niacin(mg)
	11
	6.2
	-44
	7.8
	-3

	Vitamin-C(mg)
	40
	23
	-43
	31
	-23


The mean nutrient intake of the selected subjects in the study groups revealed that the energy and all the macro and micro nutrients intake was inadequate in quantity and quality. There was not much deficit in energy intake, and it was nine per cent and there is deficit in all other nutrients ranged between nine and cent per cent. The highest deficit was noticed in iron and beta carotene intake followed by fat, protein, water soluble vitamins. From the results, it is evident that the nutrient intake especially protein, fat, iron and beta-carotene of subjects in both experimental and control group was grossly inadequate. Preschool children living in poverty in developing countries consume monotonous meals contributing marginal nutrients and exposed to have increased rate of deficiency disease including infection (Rao, 2005).
iii. Clinical profile of the selected subjects in the study groups

The nutritional status of selected subjects was evaluated through ICMR schedule for clinical examination. Table-XXIV shows the prevalence of clinical signs and symptoms among the selected subjects in the study groups
Table-XXIV
The percentage prevalence of clinical signs             and symptoms among the selected subjects                     in the study groups
	Signs and symptoms
	Experimental (%)
	Control (%)

	
	Initial
	Final
	Initial
	Final

	Underweight
	72
	33
	74
	70

	Oedema
	8
	2
	-
	-

	Irritability
	12
	10
	14
	17

	Dental caries
	64
	42
	27
	28

	Eye
-Pale
-Dull
-Bitot’s spot
-Night blindness
	37

48

-

-
	21

32

-

-
	10

12

-

-
	10

14

-

-

	Nail
-Pale nail
-Koeilonychia
	68

12
	45

7
	71

27
	77

28

	Skin
-Dry and rough
-Lack of lusture
-Hyperkeratosis
	55

18

2
	31

8

1
	61

12

4
	70

15

6

	Hair
-Lack of lusture
-Discolour

-Dry and fragile
	18

21

30
	10

14

24
	20

34

28
	23

48

28


Although the symptoms of nutritional deficiencies were present, dental caries was present in comparatively larger percentage of children as evident from pale conjunctiva, koeilonychias, dental caries and irritability. However  Vitamin C deficiency as indicated by bleeding gums are PEM as dull, drypigmented, easily pluckable hairs and skin changes were present in comparatively in less number of children. Most of the children were having symptoms of multiple deficiencies.

iv. Biochemical profile of the selected subjects in the study groups                           
a. Haemoglobin estimation

Haemoglobin level of the selected subjects in the study groups before and after supplementation was recorded.
Table-XXV and figure-VIII give the information regarding haemoglobin level of the selected subjects in the study groups, before and after supplementation.

table - XXV

Haemoglobin level of the selected subjects in the study groups

	Age  (yrs)
	Experimental  
	Control 

	
	Mean 

Haemoglobin 

± SD
	Mean difference 
	‘t’ value
	Mean Haemoglobin

± SD
	Mean difference 
	‘t’ value

	
	Initial  
	Final
	
	
	Initial  
	Final
	
	

	5
	9.975

±0.731
	11.891

±0.955
	1.916
	7.987**
	11.240

±0.218
	11.292

±0.226
	0.052
	1.372NS

	6
	9.412

±1.331
	11.628

±0.944
	2.216
	4.118**
	11.477

±0.432
	11.482

±0.426
	0.005
	1.922NS


** - significant at 1% level;      NS-   Not significant

Supplementation brought about a significant difference in haemoglobin level of the experimental group and there was no improvement in the control group. The statistical analysis revealed that one per cent significant difference was noted in the increment of haemoglobin level of the experimental group. This also indicates that supplementation of cereal-pulse based healthmix improves haemoglobin level and prevent the occurrence of anaemia.
b. Serum Total protein (Albumin, Globulin, Albumin/globulin Ratio)

Table-XXVI elicit information regarding the level of serum total protein, albumin, globulin, albumin/globulin ratio before and after supplementation of 60 days.
Table-XXVi
Total protein, albumin, globulin level and albumin/globulin ratio of the selected subjects in the study groups
	Age (Yrs)
	Group
	Total Protein

(g/dl)
	Albumin

(g/dl)
	Globulin

(g/dl)
	Albumin/Globulin Ratio

	
	
	Initial
	Final
	‘t’ Value
	Initial
	Final
	‘t’ Value
	Initial
	Final
	‘t’ Value
	Initial
	Final
	‘t’ Value

	5
	Experimental Mean ±SD
	7.077

±0.264
	7.888

±2.225
	4.208**
	4.259

±0.339
	4.751

±0.242
	8.879**
	2.818

±0.280
	3.137

±0.477
	2.987*
	1.313

±0.152
	1.964

±0.622
	5.291**

	
	Control Mean±SD
	7.644

±0.226
	7.638

±0.226
	0.885NS
	4.244

±0.505
	4.044

±0.505
	0.367NS
	3.400

±0.184
	3.594

±0.181
	2.449NS
	1.266

±0.160
	1.270

±0.171
	0.431NS

	6
	Experimental Mean ±SD
	7.676

±0.276
	7.938

±0.124
	4.398**
	4.919

±0.137
	4.619

±0.137
	9.591**
	2.757

±0.400
	3.019

±0.323
	2.604*
	1.211

±0.069
	1.292

±0.062
	8.679**

	
	Control Mean±SD
	7.642

±0.316
	7.635

±0.315
	0.500NS
	4.974

±1.204
	4.674

±1.204
	0.367NS
	2.668

±0.108
	2.661

±0.019
	1.216NS
	1.465

±0.276
	1.512

±0.267
	1.073NS


**- Significant at 1% level



*- Significant at 5% level

NS- Not significant
The above data showed that, in experimental group, total protein, albumin, globulin, albumin/globulin ratio increased significantly at one per cent level and globulin increased at five per cent level. In the case of control group, there was no significant increase in total protein, albumin, globulin, albumin/globulin ratio of the selected subjects in the study groups. The increment in serum protein profile of the experimental groups was mainly due to the protein content of sweet ladoo used in supplementation study.
V. SUMMARY AND CONCLUSION

The pre-school stage is nutritionally significant because this is prime to build up body stores of nutrients in preparation for rapid growth of adolescence. This period is quite vulnerable and considered to be special risk group. Malnutrition during this period interfere with physical growth, impair body functions, school performance and working ability.

Major nutritional problems globally common among pre-school children include protein-energy malnutrition, iron deficiency, vitamin-A deficiency and iodine deficiency disorders. Pre-school children are mainly prone to have these deficiency disorders and affect the vital human potential and affect the strength of national economy and development. Even in India, malnutrition continues to be the major public health problems among                    pre-school and school going children and lower the socio-economic strata. According to NCHS statistical estimates every year, thirty to forty thousand children become victims of these preventable deficiency diseases.                    Protein-energy malnutrition increases the susceptibility of children to infection and possibly influences morbidity and mortality rates.

The most rational and sustainable method to combat malnutrition is improving the production and consumption of dietary sources rich in macro and micro nutrients.

The present study entitled “Effect of Supplementation of Low Cost Health mix on Nutritional Status of Pre-school Girls” is an attempt done among the selected pre-school girls to evaluate the effect of supplementation of health mix after the supplementation of 60 days. The present study was framed with the main objectives of eliciting information regarding socio-economic status and the dietary pattern of the study groups and assessing nutritional and health status of the selected subjects in the study groups and evaluating the effect of supplementation of healthmix.

A total of 106 pre-school children were selected in the age group of 4-6 years from Sri Avinashilingam Primary School, Coimbatore, at random sampling for identifying the girls for further in-depth study. Socio-economic survey was conducted among the families of the selected 106 pre-school children of both sexes. Based on the socio-economic status, height, weight and haemoglobin estimation, underweight, anaemic girls among the selected subjects were recorded.

In the next stage, from the identified underweight anaemic girls, 40 moderately anaemic pre-school girls were selected for the research study. The selected 40 pre-school girls were grouped into experimental group (N=20). After selecting the subjects for the study groups, healthmix in the form of sweet ladoo was developed with the combination of cereal, pulse, oil seed and jaggery. Twenty varieties were prepared and sensory evaluation was carried out by the panel members of ten P.G students. Taste, flavour, texture and plate waste were considered to select the best formulation for supplementation study.

Experimental group was given the healthmix in the form of sweet ladoo as the supplement. The effect of supplementation was assessed by their anthropometric measurements, individual food and nutrient intake, clinical examination and bio-chemical parameters - blood haemoglobin level, serum total protein, albumin, globulin and albumin/globulin ratio before and after supplementation for the period of 60 days.

The salient findings of the present study were given below:

A. Socio-economic background of the selected subjects

Socio-economic survey was conducted for the selected 106 families and the data were discussed.

· Out of the selected 106 families, 74 per cent were in nuclear family system and 26 per cent were belonged in joint family system.

· Seventy four per cent of the families had only four members in their families and rest of them had more than four members in their families.

· Majority of the parents of the children (83 per cent) were literate having different levels of education and rest of them (17 per cent) were illiterate.

· Occupational status of the parents of the selected subjects revealed that most of the (32 per cent) fathers in their families were businessman and 55 per cent of mothers were full time home makers.

· As per HUDCO income classification (2004), 59 per cent and 41 per cent of the families of the selected subjects belonged to low and middle income group respectively, and none of them belonged to high income groups.

B. Health status of the selected subjects

· The prevalence rate of fever, common cold, cough and diarrhoea were high when compared to other infectious diseases of malaria, viral fever, typhoid, chicken pox, jaundice, mumps etc.,

· Eighty five percent of the preschool girls were immunizes against infectious diseases, unfortunately 15 per cent of the per-school girls were subjected to have measles, diarrhoea and respiratory infections. It might be due to poor dietary intake of the selected subjects.

C. Identification of girls for supplementation study
· Twenty varieties of health mix were formulated with various proportion of cereals-pulses used in the combination, among the different varieties best one was selected based on the quantity of individual consumption, plate waste, facial expression of the children and acceptability scores of sensory evaluation.

· Girls were identified for the supplementation, based on their anthropometric measurements (below the NCHS standard values) and haemoglobin level (below  the  normal).
· Haemoglobin level of the selected 106 pre-school children revealed that 25 per cent were mildly anaemic, 24 per cent were moderately anaemic and one per cent was severely anaemic and rest of them (50 per cent) were normal and non anaemic.
· From the identified underweight anaemic pre-school girls (N=40) twenty were selected for experimental group and another 20 were in control group.

D. Effect of supplementation of low cost health mix on nutritional status of the selected subjects in the study groups

· The mean initial height of the selected subjects aged 5 and 6 years was 110.02 cm and 114.32 cm respectively in the experimental group and 110.125 cm and110.205 cm respectively in the control group. After supplementation the mean height of the selected subjects  in the experimental groups aged 5 and 6 years increased to 111.940 cm and 115.466 cm respectively and there was no increment in the height of the subjects in the control group. The significant increment was noted at one per cent level in the experimental group.

· The mean initial weight of the selected subjects aged 5 and 6 years was 17.161 kg and 18.60 kg respectively in the experimental group. The mean weight of the subjects  was increased to 18.619 kg and 19.843 kg after supplementation. There was one per cent level increment was observed in the experimental group after supplementation. The mean weight of the selected subjects in the control group aged 5 and 6 years was 17.374 kg and 18.75kg. There was no improvement in the mean weight of the study the study period of the 60 days.

· Before supplementation, the mean BMI of the selected subjects aged 5 and 6 years in the experimental group was 13.936 and 14.170 and after supplementation BMI was 14.800 and 14.755 respectively. The statistical analysis revealed that the increment was at five per cent level. In the control group the mean BMI of the selected subjects was 13.816 and 13.938 and there was no significant improvement in the control group.
· Fifty per cent of the selected subjects in the experimental and control group were belonged to grade I and grade II malnutrition of both 5 and 6 years. After supplementation, improvement was noted for the experimental group and no improvement in the control group.
· The head, chest and mid arm circumference of the selected subjects in the experimental group showed meagre difference after supplementation and in control group there was no marked  difference in head, chest and midarm circumference in head, chest and midarm circumference. It might be due to short period of the study.
· The food intake of the selected subjects was inadequate in both experimental and control group. The inadequacy was most prominent for pulses, fats and oils, fruits, vegetables, green leafy vagetables, milk and milk products when compared with ICMR RDA. As they consume less amount of nutritious food, their nutrient intake was also low. The  deficit energy intake was only nine per cent, but the deficit is more in all other nutrients like protein, iron, beta-carotene  and water soluble vitamins.
· The deficiency signs and symptoms of iron and riboflavin and dental caries were present in large per cent of children. The deficiency symptoms like discolouration of hair, irritability, skin changes, easily pluckable hair were present in comparatively in less number of girls in the study group.
· Before supplementation, the mean haemoglobin level of the selected subjects in the experimental group aged 5 and 6 years was 9.975 g/dl and 9.412g/dl respectively and after supplementation the haemoglobin level increased to 11.891g/dl and 11.624 g/dl respectively. The significant improvement was at one per cent  level. The haemoglobin level of the selected subjects in the control group was 11.240 g/dl and 11.477 g/dl respectively there was no significant improvement in the haemoglobin level after supplementation.
· The mean total protein level of the selected subjects in the experimental groups aged 5 and 6 years was 7.077 g/dl and 7.676g/dl, albumin level was 4.259 g/dl and 4.919 g/dl, globulin level was 2.818 g/dl and 2.757 g/dl respectively, the level of the total protein increased to 7.888 g/dl and 7.938 g/dl, albumin 4.751 g/dl and 4.619 g/dl and globulin 3.137 g/dl and 3.019 g/dl respectively. The significant increment, in the total protein and albumin was at one per cent level and for globulin the increment was at five per cent level, was observed in experimental group.
· The albumin/globulin ratio of the selected subjects in the experimental group aged 5 and 6 years was 1.313g/dl and 1.211g/dl respectively, before supplementation.  The level increased to 1.964 g/dl and 1.292g/dl respectively. The significant increment was at one per cent level.
· The mean total protein level of the selected subjects in the control group was 7.644g/dl and 7.642g/dl and albumin level 4.244g/dl and 4.974g/dl, globulin level 3.019g/dl and 2.661g/dl and albumin/globulin ratio 1.270g/dl and 1.512g/dl respectively. After supplementation the values of the total protein was 7.638g/dl and 7.635g/dl, albumin level 4.044g/dl and 4.674g/dl, globulin level 3.594g/dl and 2.661g/dl and albumin/globulin ratio level 1.270 g/dl and 1.512 g/dl. There was no significant  improvement in the control group after supplementation.
· Statistical analysis of bio-chemical between the initial and final values of the experimental group revealed that there was a significant difference at (p > 0.01) level. This might be prove to be very effective way of improving the health status of the population especially young children. 
· Hence it is essential to include foods rich in macro and micro nutrients constantly in our regular diet for healthy and desirable blood profile of the body. The maintenance of micro nutrients stores in the body helps to meet the need for growth and development of the young children and also for the preparation of the future adolescents, adulthood and motherhood. 

The following recommendations are emerged from the present study:

More research works are suggested to improve the nutrition and health status of the young children through nutrition supplementation with the combination of nutrition education. Since they are the nation’s future and pillars to support and uplift the economic status of the country.      
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appendix – i 

Questionnaire to elicit background

Information regarding malnutrition in pre school girls (4-6 years)

1. Name of the Investigator 

:

2. Name of the Interviewee


:

3. Name of the head of the family 

:

4. Occupation of the head of the family
:

5. Monthly Income



:

6. Type of the family 


:
Joint 
(
Nuclear (
7. Family background 


:

	S.

No
	Name of the family member
	Sex
	Relation of the head of the family
	Marital status
	Educational status
	Total income 

	
	
	
	
	
	
	


8. Monthly expenditure pattern 

	S.No
	Particulars
	Expenditure per months (Rs.)

	1
	Food 
	

	2
	Clothing 
	

	3
	Shelter 
	

	4
	Education 
	

	5
	Medicine 
	

	6
	Electricity and fuel 
	

	7
	Transport
	

	8
	Savings
	

	9
	Miscellaneous 
	


9. Are you a 


Vegetarian 

(

Non – Vegetarian
(

Ova Vegetarian
(

lacto Vegetarian
(
10. Mention the number of meals 


2 meals   (

3 meals (

4 meals (
11. Do you skip meals?

Yes  
(

No
(
12. Are you aware of basic 5 food groups?

Yes  
(

No
(
13. How frequently do you follow the groupings of food in your meal    planning?

Daily    

(     
 
Weekly 
(       

Weekly twice 
(       
Fortnightly 
(
 If no, reason for not including 

Unavailability         (
Not liked by family members 
(
Expensive 
          (
Any other 



(
14. Details regarding amount and frequent different foods purchased

	S.No
	Foods rich in following nutrients
	Amount (g)
	Frequent of intake

	
	
	
	Daily
	Weekly
	Weekly twice
	Fortnight

	I
	Energy giving foods


	
	
	
	
	

	II
	Body building foods 


	
	
	
	
	

	III
	Protective foods 


	
	
	
	
	

	IV
	Fibre rich food 
	
	
	
	
	


15. Food consumption 

	Name of the meal
	Method
	Weight of the total raw ingredients used by the family (g)
	Weight of the total cooked food consumed by the family (g)
	Amount of cooked food consumed by the individual
	Raw equivalent used by the individual

	
	
	
	
	
	


16. Do you use all low cost foods for the promotion of health?

Yes  
(

No
(
If yes, specify the foods and give reasons 

If no, specify the foods and give reasons 

Health profile of the selected child

I. General Information 

1. Name of the child



:

2. Age 




:

3. Sex 





:

4. Class studying



:

II. Anthropometric measurement 


1. Weight (kg)



:


2. Height (cm)



:


3. Body mass Index (BMI)


:

4. Head circumference (cm)

:


5. Chest circumference (cm)

:

6. Mid upper arm circumference (cm)
:
III. Clinical Examination

	S.No
	Symptoms 
	

	1
	Under weight 
	

	2
	Oedema 
	

	3
	Irritability 
	

	4
	Dental caries
	

	5
	Eye 
	

	
	- Pale
	

	
	- Dull
	

	
	- Bitot’s spot
	

	
	- Night blindness 
	

	6
	Nail
	

	
	- Pale nail
	

	
	- Kilonychia 
	

	7
	Skin
	

	
	- Dry and rough 
	

	
	- Lack of Lusture 
	

	
	- Hyperkeratoris 
	

	8
	Hair 
	

	
	- Lack of Lusture
	

	
	- Discoloured
	

	
	- Dry and fragile 
	


 1. Was the child immunized?

Yes  
(

No
(

If yes, against what are the conditioned?

Polio 

(

BCG 
  
(

T T
(
Hepatitis 
(

Any other 
(
2. Biochemical Parameters 


Blood Hb 
_________________________g/dl


Serum total protein 
___________________ g/dl


Serum albumim 
___________________ g/dl


Serum globulin 
___________________ g/dl

3. Types of foods preferred by the child 

Vegetarian (
Non-Vegetarian (    Ova- Vegetarian (
4. Number of meals taken by the child per day

2 meals (
      3 meals (     4 meals (
5 meals (
5. What is the type of lunch taken by the child? 

Packed lunch (

School lunch (

Others (
6. On what basis food is prepared for the child 

Taste       (
Nutritious 

(
Availability 
(


Economy (
Preparation time
(
Others 
(
7. Does the child show any likes and dislikes in taking food 

Yes  
(

No
(
If yes,  

	S.No
	
	Reason

	1
	Food liked 
	

	2
	Food disliked
	


8. Is your child allergic towards any food?

Yes  
(

No
(

If yes, specify the food 

9. Taste prefer by the child to have more food

	S.No
	Taste
	Food items

	1
	Sweet 
	

	2
	Sour
	

	3
	Spicy
	

	4
	Salty 
	

	5
	Bitter 
	


10. Does the child skip meals?

Yes  
(

No
(

If yes, specify reason _____________________________

11. Did you child suffer from any of the infections disease

	S.No
	Illness
	Age (years)
	Duration

	1
	Measles 
	
	

	2
	Viral infection 
	
	

	3
	Typhoid 
	
	

	4
	Chicken pox
	
	

	5
	Chikunkunia 
	
	

	6
	Dengue 
	
	

	7
	Jaundice 
	
	

	8
	Pneumoria 
	
	

	9
	Cholera
	
	

	10
	Wooping cough 
	
	


12. Does your child suffer from any of the deficiency disease?

Yes  
(

No
(

If yes, what type? 

13. Do you give any supplementary health mix drink to your child?

Yes  
(

No
(

If yes, what type?

14. Do you give any protein supplementation to your child?

Yes  
(

No
(

If yes, what type?

15. Is there any improvement in the health condition of the child?

Yes  
(

No
(

If yes, what extent?


If No, State the reason

16. Will you allow your child to participate in supplementation - Nutritious laddu supplementation for improving serum total protein level?

Yes  
(

No
(
BMI =
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