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I.INTRODUCTION

“To live a life without malnutrition is a fundamental human right. The persistence of malnutrition, especially among children and women, in this      world of plenty, is immoral. Nutritional improvement anywhere in the world is not a charity but a societal, household and individual right. It is the world-community’s responsibility to find the effective ways and means to invest for better livelihood and to avoid future unnecessary social and economic burdens. With collective efforts at International, National and Community level, ending malnutrition is both a credible and achievable goals”

                                                              - (ACC / SCN, 2002).
Good nutrition is vital to the development of any nation, since it results in improved quality of life as evidenced through enhanced nutritional status of the population, better work efficiency rates, reduced morbidity and mortality rates and raised standard of living. It is achieved not through drugs, tablets and pills, but through well balanced diet. The components of this diet must be chosen judiciously to provide all the nutrients in correct proportion for maintaining good health, prevention and cure of disease throughout the life. The quantity of calorie and vital nutrients required by an individual depends upon his age, sex, physical activity and physiological conditions. Adults need nutrients for maintaining constant body weight and ensuring proper body functions. Infants and young children require more nutrients for their rapid growth and development. Adolescence is another rapid growth period, between childhood and adulthood with accelerated physical, bio-chemical and emotional development and they require proper nutritional care to promote and maintain their nutritional and health status.
This adolescence period is characterized by rapid increase in height and weight, hormonal changes resulting in sexual maturation and causing wide swings of emotion. In addition, it is an anabolic phase of life and warrants increased nutrient requirement per unit body weight (Bhaskaram, 2002).
Increased nutritional needs at this juncture relate to the fact that adolescents gain upto 50 percent of their adult weight, more than 20 percent of their adult height and 50 percent of their adult skeletal mass during their rapid growth period (WHO, 2007). Goyle (2004) also points out that during adolescence, the adolescents should be provided with good nutrition to meet the nutritional demands for promoting their health and to protect from deficiency diseases and infections.
Nutrition is a major environmental influence on physical and mental growth and development in every stage of life especially the growing stage. Food habits during growing stage influence preferences and practices in later life. Good nutrition improves the well-being of children and their potential learning ability, thus contributing to better academic performance. Children and adolescents who learn healthy eating habits are encouraged to be physically active, learn to manage stress, and have the potential for reduced impact of chronic diseases in adulthood. Gopalan (2004) stresses the importance of consuming all the foods in sufficient amount of good quality protein, vitamins, minerals and energy in the diet for the optimum growth and development in younger populations.
Despite of high nutrient requirements, the adolescents usually have lower intake due to poor nutritional knowledge and often skip more meals. Their eating habits are greatly influenced by their need for energy as well as their self conscious, peer group pressure and hence their acceptance of popular food fads. Many of the adolescents over indulge in junk foods displayed in the eating outlets, which are of poor iron content. Finally all these factors lead to have malnutrition (Rao, 2005).
The onset of menarche in girls has a significant impact on the iron  status and stores of iron comprised during childhood gets depleted due to loss of iron during menstruation. Every month, 30 - 80ml of blood is lost and therefore the loss is 15-40mg of iron. The loss is much higher in those who menstruate heavily. This imposes considerable strain on the iron stores and are more prone to iron deficiency anemia (James et al., 2006). With lower iron status of the body, large number of girls is pushed into earlier marriages. Of the 4.5 million marriages that take place in India, every year, girls bearing their first baby between the ages of 14-18 are at obstetrics risk and the subsequent result in low birth weight babies and perinatal complications result in high maternal mortality rate (Christian, 2002).
Increased physical activity, combined with poor eating habits and onset of menstruation contribute to accentuating the potential risk for adolescents of poor nutrition. The main nutrition problems affecting risk for adolescent populations worldwide include: under-nutrition in terms of stunting and thinness, iron deficiency anemia, iodine, vitamin A, calcium deficiencies and other specific nutrient deficiencies eg Zinc and Folate (WHO, 2004).
The problem of these malnutrition encompasses a spectrum of deficiencies of which the most devastating is a deficiency of one or more of the three micronutrients – iron, vitamin A and iodine. About 30 percent of the world population is anemia and about half of those cases are due to iron deficiency. Anemia is one of the glaring deficiencies in adolescent girls, which they acquire from childhood and increase in extent and magnitude during the reproductive age. The present adolescent girls will be the future mothers. Adequate iron nutriture of adolescent girls is essential towards lowering incidence of anemia in pregnant women (Thirumanidevi, 2007).
Anemia, a wide spread health problem is estimated to affect 3.5 million individuals in the developing world, or well over two persons out of three. More than 320 million people in India suffer from Iron Deficiency Anemia (IDA) with the highest prevalence among women and children 40 – 80 per cent expectant women, 60-70 per cent school children and 50 per cent adolescent girls (Bamji et al., 2002).
The National Family Health Survey was conducted on anemia among women and young children in 25 states of our country. The results indicated that anemia prevalence had come down from the data of 1988-89 surveys. It was 50.4 per cent in women, 49.7 percent in pregnant women, and 56.3 percent in lactating women but it was still high in young children i.e. 74.2 percent. Control of anemia continues to be one of the most challenging public health promoting dask of our nation (Rao, 2005).
According to Gopalan (2002) strategies have been worked out and implemented to control the twin problems of iron deficiency anemia and vitamin A deficiency. 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 discovery and implementation of innovative and affordance ways to improve people’s diet. The most important step is ensuring regular and adequate consumption of iron and vitamin A rich foods in their daily diet, together with an appropriate intake of calorie, protein and enhancing factors for effective iron absorption.
Gopalan (2002) also suggested that the food based approach is more durable and sustainable than a drug based one and we should look into our farms and not our pharmacies to solve twin deficiency problems of IDA and VAD especially in younger generation.
                      In India, the staple food mainly consists of cereals with the combination of pulses and small quantity of vegetables and absorption of iron from the diet is quite low. This is due to the presence of significant amounts of phytates and tannins which are potent and present in plant origin. As the result the prevalence of anemia is paradoxical in the majority of Indians. The inhibitors of iron absorption from cereal based diets are considered as a contributory factor for the prevalence of higher incidence of anemia (CRFSN, 2000).
Including iron rich foods like green leafy vegetables, dried fruits non vegetarian foods and enhancing factors like vitamin C and also providing iron supplements along with ascorbic acid help to promote iron absorption and improve the iron bioavailability, thereby preventing the occurrence of iron deficiency anemia (Thirumanidevi and Uma, 2005).
Addition of vegetables and fruits to the staple food helps to increase the iron content of the diet and also enhance the bioavailability of iron,   promoting iron absorption and considered as one of the possible ways of mitigating iron deficiency anemia.

Food based approaches are the most sustainable and cost effective ways in enhancing iron status of an individual. Food supplements are an attractive and least expensive strategy to reach the quality food for the optimum health. With these strategies, it is hopefully expected to enhance micro-nutrients status and eliminate micro-nutrient deficiencies among young children. The next generation of youngsters will lead a more healthy life and be spared from the devastating effects of degenerative diseases in their old age (Chakravarthy and Ghosh, 2006). Thus, prevention and control of anemia among vulnerable groups especially adolescent girls are important strategies not merely to rise the haemoglobin level but to a sustainable and significant improvement in human development.
Knowing all these points, the investigator recognized the importance of iron rich foods and iron absorption enhancers and the sustainability of food based strategies, a new approach was undertaken with the following objectives: To
· elicit information on socio economic background and dietary pattern of the selected adolescent  girls of their families

· formulate and evaluate the health mix for supplementation

· identify the mild/moderate anemic adolescent girls for supplementation study and

· assess the effect of health mix on nutritional and biochemical  profiles of the selected subjects in the study groups.

\

II.REVIEW OF LITERATURE

The literature pertaining to the present study on “Feasibility of mitigating iron deficiency anemia among adolescent girls through food based intervention” is reviewed under the following headings:

A. Iron Deficiency Anemia, A point of great concern

A-1 Nutritional Significance of Iron

A-2 Prevalence of Iron Deficiency Anemia

A-3 Causes of Iron Deficiency Anemia

A-4 Consequences of Iron Deficiency Anemia

A-5 Preventive Measures to Control Iron Deficiency Anemia

B. Nutritional Scenario of Adolescents

C. Effect of Supplementation of Iron and Vitamin C Rich Foods on Iron Status of the Anemic Adolescent Girls

A.  Iron Deficiency Anemia - A point of great concern

Iron deficiency is defined as a decreased body total iron content. Iron deficiency anemia occurs when Iron deficiency is sufficiently severe to diminish erythropoeises. It is the most prevalent single deficiency state on a worldwide basis affecting over one half billion people worldwide. It is important economically because it diminishes the capability of individual who are affected to perform physical labor, and it diminishes both growth and learning capacity in children (www.whoindia.org).

A-1 Nutritional Significance of Iron

Iron is an essential nutrient for several functions, namely, cognitive ability and learning potential in children, muscular oxidative capacity and consequent work performance, reproductive performance in adolescent girls and adult women and immunity in all age groups (Winichagoon, 2003).

Iron is also essential to the transfer of oxygen from the bloodstream to all the body’s cells. Iron accomplishes this activity by becoming part of red blood cells (haemoglobin), which transport oxygen from the lungs to the tissues of the body. Since iron is a component of the special enzymes involved in energy production, energy level drops when storage of iron decline below required amount. Not surprisingly, fatigue is the textbook symptom of inadequate iron level, reflecting the lack of oxygen and an excess of carbon-di-oxide (www.nutrichem.com).

Research findings of  Long et al., (2007)  revealed that iron has an important effect on diarrheal disease, but that there is a strong potential for supplementation to have deleterious effect on invasive infections .In the human body, iron is present in hemoglobin within erythrocytes, in myoglobin within muscle cells and in several key enzymes involved with cellular metabolism (Thankachan, 2007).

Iron binds oxygen as part of heme in hemoglobin and myoglobin. In addition, iron is needed in various heme and nonheme - containing metalloenzymes in the body. Iron can also participate in the generation of free radicals, which can damage DNA, proteins and cellular components, such as cell membranes. Thus availability of free iron in the body is tightly controlled during transport and metabolism by binding to various proteins. In the cell, ferritin protein requesters free iron and synthesis of ferritin is increased in response to an increase in iron availability. Serum ferritin has been shown to be a good biomarker of body iron stores (Seaverson et al., 2007).

Syverson, (2007) has indicated that Iron Deficiency Anemia is most common in adolescent girls because of their growth demands, made more severe by menstrual loses, are difficult to supply from food alone. A cursory diagnosis of haemoglobin status can often be made by a visual examination of the mucous membranes, especially those on the underside of the eyelids or in the mouth where the blood vessels are close to the epithelial surfaces. Pale membranes usually signify low Haemoglobin values 

A-2 Prevalence of Iron Deficiency Anemia 

One of the most common micronutrient deficiencies is anemia - a major global problem, affecting 20-70 per cent of the population in various countries. In India, nutritional anemia is an important public health problem affecting people from all walks of life. Prevalence is high in all vulnerable groups and in almost all states of the country irrespective of both rural and urban areas. Anemia caused by iron deficiency is most prevalent and severe in pregnant women, young children and adolescent girls and a major threat to safe motherhood (Prabhakaran, 2006).

According to the United Nations Children’s Education Fund (UNICEF), 90 per cent of all types of anemia in the world are due to iron deficiency. In South and Central America, iron deficiency anemia has been a severe public health problem, affecting as many as 50 per cent of pregnant women and adolescent girls (www.aafp.org/afp/20070301/671.html).

It is estimated that about 2,150 million people are iron deficient and is severe enough to cause anemia in 1,200 million people globally. About 90 per cent of all anemia’s have an iron deficiency component. In the developing world nearly 50 percent of the population is iron deficient anemic having different grades of anemia (www.whoindia.org).

Studies conducted by Bijan et al., (2007) in Developing countries revealed that one fifth of perinatal mortality and one tenth of maternal mortality is attributed to iron deficiency. It is estimated that nearly two per cent of deaths worldwide, are attributable to iron deficiency (Mannar, 2007).In the United States, among adolescents girls, nine per cent are iron deficient and two per cent have severe anemia.

Erin et al., (2007) points out that the prevalence of iron deficiency (ID) and iron deficiency anemia (IDA) among adolescent girls in Australia, New Zealand and note that of the available estimates based on nationally representative samples, USA adolescents aged 16-19 years have the highest prevalence of iron deficiency whereas New Zealand adolescents have the highest prevalence of IDA. Compared to North America, IDA is three times more prevalent in Europe due to the fact that Europe include countries with a range of social and economic profile or as a result of low coverage of data in Europe compared to North America or that in North America foods are widely fortified with iron and a high proportion of iron intakes comes from fortified foods.

Sanghvi et al., (2007) proclaim that anemia as a risk factor for mortality, is estimated to contribute 5, 91,000 prenatal deaths and 115,000 maternal deaths globally. When combined with the direct impacts of iron deficiency anemia (IDA), the total deaths are 841,000, annually.

Surveys conducted by Hyder, (2007) declared that 30-40 per cent of adolescent girls in Bangladesh are anemic because 34 per cent of Bangladeshi adolescent girls get married, before the age of 18 years and 33 per cent have their first pregnancy by the age range of 15-19 years, so they are at increased risk of developing anemia during pregnancy, compromising their health as well as that of their offspring. It is therefore essential to ensure that adolescent girls enter pregnancy with an adequate nutritional status.

                    Iron deficiency Anemia is significant public health problem in India, particularly among women and children. Recent figures suggest                 that nearly 50 per cent of young Indian women are anemic (Thankachan et al., 2007).

National Family Health Survey (NFHS-3) revealed that the prevalence of anemia to be 70-80 per cent in children, 70 per cent in pregnant young women and 24 per cent in adult men. Prevalence of anemia in India is high because of low dietary intake, poor availability of iron and chronic blood loss due to hookworm infestation and malaria (www.whoindia.org).

                   National survey in India conducted between 1998 and 1999 reported prevalence rate of an anemia is 53 per cent among young women. The figure from the same survey for Karnataka State is 42 per cent, the prevalence is slightly lower in urban women at 36 per cent as compared with 46 per cent in women in rural Karnataka State. The prevalence rates of anemia and iron deficiency was nine per cent and 62 per cent respectively, 95 per cent of the anemic women were iron deficient (Thankachan et al., 2007).

A-3 Causes of Iron Deficiency Anemia

Prabhakaran, (2006) quoted the main causes of anemia are blood loss due to accidental hemorrhage, chronic diseases, excessive menstrual losses, hookworm infestations, deficiency of iron in diet, increased demands during pregnancy, lactation and infancy and inadequacy iron absorption .

Souza, (2006) points the most common type of nutritional anemia is caused by a lack or deficiency of iron. This may be due to loss of blood from the body, increased requirements, and decreased absorption from food and low intake in the diet. Iron is usually absorbed from food and the absorption depends on the iron content as well as the degree of the anemia already exist.

Iron deficiency is due to low consumption of animal products, which are rich sources of more readily available heme iron; to a high intake of cereals and legumes containing substantial amounts of phytate, which is known to inhibit absorption of in organic iron and to recurrent infections and parasitic infestations and responsible for the occurrence of anemia (Aaron et al., 2007).

Prabhakaran, (2006) stressed that iron is not synthesized in the body. The iron needed for the biological function is ingested into the body through oral intake of foods into the body through oral intake of foods. Deficient intake of iron in our diet and/or low absorption of iron from foods consumed are the principal causes of anemia. Hence, it is essential to emphasize the need to eat iron-rich foods to fight anemia, a pre condition for rapid and sustainable development.

Iron deficiency is due to low consumption of animal products, which are rich sources of more readily available heme iron; to a high intake of cereals and legumes containing substantial amounts of phytate, which is known to inhibit absorption of in organic iron and to recurrent infections and parasitic infestations  (Aaron et al., 2007).

Lynch, (2007) reported that the diseases that cause blood loss, particularly hookworm infections, have an important contributory role and leading to have high prevalence of iron deficiency in many developing countries. 

Iron deficiency predisposes people to disease through reduced immune function. Iron deficiency directly causes decreased oxygen delivery to muscle and the brain resulting in impaired aerobic capacity and altered child development or intelligence (Sanghvi et al., 2007).

Prolonged achlorhydria produces iron deficiency anemia because acidic conditions are required to release ferric iron from food. Then it can be chelated with mucins and other substances (Amino acids, sugars, sminoacids, amides) to keep it soluble and available for absorption in the more alkaline duodenum (www.nutrichem.com).

As per the data analysis of Helen et al., (2001) that there is an association between hookworm and anemia in school age children in Zanzibar suggested that 25 per cent of all anemia cases, 35 per cent of iron deficiency anemia cases and 75 per cent of severe anemia cases are attributed to hookworm infection. Hookworm has been shown to contribute more than schistosomiasis or malaria to iron deficiency anemia in school-age children.

An inadequate intake of dietary iron, its poor bioavailability and concurrent inadequate intake of dietary micronutrients appear to be the primary factors responsible for the high prevalence of anemia and iron deficiency in India (Prashanth et al., 2007).

The poor bioavailability of nonheme iron present in local diets that are largely plant-based, with rice, pulses and vegetables that are high in phytic acid and fiber,   inhibit iron absorption and is likely to be an important factor in the development of anemia and iron deficiency. Deficiencies of other micronutrients, such as Vitamin A and riboflavin also synergistically affect the process of erythropoeisis by their vital role in either the absorption or the utilization of iron or in the differentiation and maturation process of red cells (Thankachan et al., 2007).

The main causes of iron deficiency anemia are inadequate intake of iron, low bioavailability (1.6 percent) of iron from plant foods due to inhibitory factors, low levels of absorption enhancers in the diet, repeated pregnancies, increased iron needs during growth and development of children and adolescents, parasitic infections and chronic blood loss (Thara et al., 2007).

A-4 Consequences of Iron Deficiency Anemia

Iron deficiency is the most prevalent nutritional disorder, related to a variety of developmental and behavioral measures. Iron deficiency anemia is associated with a decrease of 10 to 15 points in the Bayley Scales of Infant Development, presumably due to a direct effect on the brain (Bijan et al., 2007).

Considering the high prevalence of iron deficiency anemia, that will rise to low birth weight newborns, premature labor, fetal demise, post-partum hemorrhage and fetal distress (Tabas et al., 2007). 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 the iron deficiency anemia (Prabhakaran, 2006). Iron deficiency Anemia (IDA) is also associated with lower scores on global tests of motor development (Olney, 2006).

Sanghvi et al., (2007) points out that adequate iron intake is necessary for brain development and its deficiency impaired cognitive development. Anemia in school children affect learning abilities whether or not they experienced earlier impaired brain development. Iron Deficiency Anemia is associated with poorer performance on developmental ratings in infants and with lower scores on cognitive function tests and educational achievement tests in children. In adolescents, IDA has been shown to impair cognitive abilities (Laura and John, 2007). Severe iron deficiency lowers the body’s ability to maintain body temperature in a cold environment (Gary and Nevin, 2007).

Iron deficiency is the most prevalent nutritional deficiency and the main cause of anemia worldwide. Apart from anemia affects, other non-hematological manifestations have been described, such as decreased capacity for physical work and spontaneous motor activity, impairment of cell-medicated immunity and bactericidal capacity of neutrophils, decreased thermoregulation functional and histological abnormalities of the gastrointestinal tract, defective mobilization of liver Vitamin A, increased risk of premature labour, low birth-weight and perinatal morbidity, reduced iron transfer to the fetus and growth retardation behavioural disorders and mental and mortal development delays, decreased auditory and visual systems, nerve conduction velocity as well as reduction of the vagal tone (Olivares and Walter, 2004). 

Thankachan et al., (2007) observed the adverse consequences of iron deficiency include increased risk of low birth weight and other pregnancy related complications, poor growth during infancy and early childhood, impaired cognition and behavior in children, reduced work capacity and reduced productivity.

A-5 Preventive Measures to Control Iron Deficiency Anemia
                        Nutrition has an important role in anemia and of all the nutrients involved, iron is the most crucial. Therefore, the assessment of the iron status is essential in diagnosis of anemia (Biesalski and Erhardt, 2007).

Prabhakaran, (2006) highlighted that combating nutritional anemia requires different programmatic strategies. The most feasible and cost effective being consumption of foods rich in iron. Two types of iron namely haem iron and non-haem iron are present in foods. Haem iron is present in meat, fish and poultry. Non-haem iron is found in cereals, vegetables, leafy vegetable, sprouted pulses, jaggery, figs and dates. Effective iron supplementation and food fortification strategies are needed to combat the global problem of iron deficiency anemia (Swain et al., 2007).

The treatment of choice for iron deficiency anemia is mostly an oral iron preparation, which effectively replenishes iron stores in the vast majority of cases. A parenteral iron preparation is rarely indicated except in certain special situations (Badhwar, 2003).

Thankachan et al., (2007) reviewed that the knowledge of the relative importance of each of the causative factors affecting hemoglobin and iron status will be crucial in the development of appropriate intervention strategies to control iron deficiency anemia.

In National Nutrition Strategy for the period of 2001-2010, food fortification is considered as one of the most sustainable long-term strategies to control iron deficiency anemia. The success of food-fortification program depends on the choice of the food vehicle. A suitable food vehicle should be commonly consumed in serving sizes that are able to meet a significant part of the daily dietary requirement of iron, there should be no change in consumer acceptability (taste, smell or color) of the food vehicle after fortification and preparation of the food vehicle should not alter the iron level (Huong et al., 2007).

Fortification of food is considered one of the most cost effective approaches for addressing widespread micronutrient deficiencies. According to the World Bank, “probably no other technology available today offers as large as an opportunity to improve the quality of life and accelerate development at such low cost and in such a short time. Fortification of foods that are eater regularly and widely offers  a number of advantages over other interventions, including maintaining body stores of nutrients more efficiently and effectively than intermittent supplements as well as potentially improving the nutritional status of a large proportion of the population, both poor and wealthy                    (Briel et al., 2007).

Thara et al., (2007) quoted that the iron-fortified foods promote absorption of iron from other sources in the diet besides providing a form of bioavilable iron, as have been seen with extensive field trials in China and Vietnam. Hence, Iron fortification is a widely used public health measure for the prevention of iron-deficiency anemia.

Cromer et al., (2002) summarized some strategies that could be used to enhance compliance of adolescents to iron supplements, which include initiating home pill counts, enlisting a supportive parent to remind the adolescent of the medication schedule and informing the patient of any side-effects associated with the proposed therapeutic regimen.

Badhwar, (2003) states that iron deficiency anemia is frequent in adolescents whose rapid growth requires an enhanced iron supply to support a concomitant increase in red cell mass.

Adoption of dietary strategies by adolescent girls has two advantages. First, it ensures that they have adequate body iron stores, before they enter into their pregnancy. Second, consuming a habitual dietary              pattern rich in highly bioavailable iron during pregnancy help the adolescents to meet their increased iron and thus prevent an adverse pregnancy outcome (Gibson et al., 2002).

B.  Nutritional Scenario of Adolescents

Nutrition is important during adolescence for growth, cognitive development, health and attendance and performance in their educational institutions. Nutritional needs are high in adolescence owing to rapid growth and development. Indeed, under-nutrition and over-nutrition in adolescence are immediate health risks as well as long-term risks for metabolic syndrome related diseases (Dapi et al., 2007).

Jelliffe and Jelliffe, (1989) revealed that the 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 biochemical estimation. Combination of these methods provide better picture of assessment of Nutritional status of the target groups.

Adolescence is the time when both males and females undergo the last intense phase of their growth to attain full adult height, concomitant with profound changes in body structure and physiology. As a result, nutrient demand is enhanced to support these developmental changes, particularly among females with the onset of menarche (Hyder et al., 2007).

 Thankachan et al., (2007) elucidated that protein is needed to support growth and diet with protein is properly utilized, only if it also provides enough energy (Kashinath et al., 2007). Fat intakes were estimated as 0.8g/kg body weight and 25 percent of total energy intake respectively per day.

                   The current recommended dietary intake of calcium or adequate intake (AI) of 1300 mg/d for adolescents is designed to maximize calcium absorption and retention. This intake however is not achieved by the vast majority of young adolescents. Therefore, it is important to consider other factors such as calcium absorptive efficiency that may affect total calcium absorption and improve bone mineral mass accumulation at a calcium intake less than the current AI (Abrams et al., 2007).

As the skeleton grows, more calcium is constantly deposited so as to add strength and rigidity to the bones. Similarly, calcium is also being deposited in permanent teeth, so liberal intake of calcium become necessary during adolescent (Kashinath et al., 2007).

Prashanth et al., (2007) reported that the mean dietary iron intake was 9.5 mg per day, predominantly from the consumption of cereals, pulses and vegetables (77 per cent). The estimated bioavailability of non-haem iron in this diet was 2.8 per cent. Dietary intakes were suboptimal for several nutrients. Blood hemoglobin was significantly correlated with dietary intake of fat, riboflavin, milk and yogurt and coffee. Serum ferritin was significantly correlated with intake of niacin, vitamin B12 and selenium.

Iron is needed to support growth especially increase in blood volume. Expansion of blood volume pushes up iron needs. Blood volume increases the number of blood cells and therefore the amount of Haemoglobin per cent requirement also increases (Kashinath et al., 2007).

Judhiastuty, (2002) stressed that the iron requirement is high among adolescents due to the process of growth spurts, sexual maturation and menstrual blood loss. Menstruation typically starts about a year after peak growth. The mean requirement for absorbed iron reaches a maximum of about 1.5 mg / day at peak growth and falls to only 1.3 mg / day due to menstrual loss. The daily requirement of iron among female adolescents is about 1.2 - 1.68 mg, consisting of 0.65 - 0.79 mg/day basal iron loss and 0.48 - 1.9 mg/day iron loss during menstruation.

c. Effect of supplementation of iron and vitamin c rich foods on iron status of the anemic adolescent girls

Erhardt, (2007) documented that the supplementation with iron is the most widely used approach for controlling the global problem of iron deficiency anemia because several micronutrients can improve the hemoglobin response to iron, it is reasonable to assume that multiple micronutrients would be more effective in reducing anemia than iron alone .

Iron supplementation during adolescence is suggested as a strategy to reduce anemia during pregnancy. The positive effect of Iron supplementation during adolescent is to increase iron stores in the body (Seshadri and Siddhu, 2003).

Webb and Villamor, (2007) furnished that the supplementation with Vitamin C protects against exercise induced damage and preserves the functional capacity of neutrophils. Likewise the antioxidant capacity of Vitamin C alleviates the oxidative stress and its associated neutrophils damage that follow acute and chronic diseases and trauma.

Iron supplementation in IDA patients not only improves hemoglobin levels, but also physical function, vitality and general health perception (Ando et al., 2007). Iron supplementation has shown to improve the cognitive performance in iron deficient adolescents (Sharma et al., 2007). 
Supplementation with heme iron is of increasing interest because it is generally better absorbed than non-haem forms of iron, and heme iron absorption is unaffected by phytic acid, which is present in many grains and legumes. Heme iron may result in less gastrointestinal discomfort and oxidative stress than the ionic forms of iron (Swain et al., 2007).

Vitamin C in a summative combination with a variable  that accounted for the powerful inverse relation between body iron stores and absorption efficiency to predict bioavailability of dietary iron (Beard et al., 2007).

Ascorbic acid is a potent enhancer of iron absorption and reported to increase iron absorption from ferrous sulphate, ferric chloride, ferric ammonium citrate, ferrous fumarate, ferric orthophosphate and electrolytic iron form cereal meals, infant formulas and chocolate drinks in human.  The enhancing effect is dose dependent and also depends upon the level of iron fortification and the amount of inhibitors (phytic acid and polyphenols) present in the meal. A significant increase in iron absorption expects at a ratio of ascorbic acid to iron by weight of around 6:1 (2:1 molar ratio) (Malini and Siddu, 2003).

Ascorbic acid is the most clearly documented enhancer of nonheme iron bioavailability. Studies showed that nonheme iron absorption was increased by a factor of 1.7 when 100mg of Vitamin C was added to the standard diet. The dose-dependent effect became clear when absorption of iron from a semisynthetic test meal was increased by 1.9, 3.2, and 4.7 with increasing amounts of Vitamin C (Thara, et al., 2007).
III. METHODOLOGY

The methodology pertaining to the present study on “Feasibility of mitigating iron deficiency anemia among adolescent girls through food based intervention” is dealt under the following headings:

A. Selection of the area

B. Selection of the subjects

C. Formulation of tools and conduct of  socio-economic survey

D. Supplementation study with health mix

i. Formulation and evaluation of health mix for supplementation

ii. Calculation of nutrient content of supplement

iii. Supplementation of health mix on selected subjects in the study groups

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

a. Anthropometric measurements – Height,  Weight and BMI 

b. Individual dietary intake

c. Clinical examination

d. Bio-chemical estimation

E. Analysis and interpretation of data

A. Selection of the area
The study was carried out in Coimbatore city. The area selected for the research study was Avinashilingam University for Women, Coimbatore. This University was selected because of the availability of the required number of adolescent girls, easy approachability, co-operation of the subjects and 
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accessibility of the investigator. The University authorities rendered their full support and co-operation to complete this study in an effective manner.

B. Selection of the subjects
Adolescence is the crucial period of rapid growth and development and also addressing micronutrient deficiency diseases especially iron deficiency anemia. Iron deficiency anemia is one of the most prevalent nutritional disorders in the world affecting approximately two billion people, especially vulnerable groups of adolescents, expectant mothers and lactating mothers, infants and so on (Garcia et.al.,2007). Therefore, they need extra nutritional care to promote and maintain their optimum health.
As per ICMR age specification for the adolescent girls, the investigator selected 154 adolescent girls in the age group of 16-18 years from Avinashilingam University, at random sampling method. According to Kothari (2004), random sampling is a method where a group is chosen from an entire population such that every number of the population has an equal and independent chance of being selected in a single sample.

The selected adolescent girls were classified and the number of girls in the age group of 16 -18 years is given in Table I.

TABLE - I

Age-wise Distribution of the selected girls

	Age (years)
	No. of girls
	Percent

	16
	37
	24

	17
	46
	30

	18
	71
	46


From the universe, the research deliberately selects certain units for the further 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 supplementation study. The criteria used for the selection of sub samples were:

· In the age group of 16 – 18 years from either lower or middle income families and

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

According to HUDCO (2004), the total family income for low income group ranged from Rs.2,500 to 4,500, for middle income group. Rs.4,501 to 7,500 and for high income Rs.7,501 and above. The income levels were considered for the selection of subjects for supplementation study and were selected from low (or) middle income groups, since their foods and nutrients intake was almost similar.

Screening the subjects for anemia was another criteria used to select the subjects for supplementation study. Haemoglobin level is a useful index of the overall nutritional status, irrespective of its role in anemia (Foster, 1992). Hemoglobin level was analysed by cyanomethaemoglobin method for the 154 adolescent girls and anemic girls were identified and considered for supplementation study.

Fifty anemic adolescent girls with specified grade of anemia were selected for the supplementation study. Among the fifty anemic girls, 25 were chosen for the supplementation study and considered as experimental group and the rest of 25 girls were considered as control group and used for comparison.

C. Formulation of tools and conduct of socio-economic survey
An interview schedule was formulated to have an in-depth knowledge regarding the demographic and dietary pattern of the selected anemic adolescent girls and collected information regarding the health and nutritional status of the selected girls of 154 families.
Interview method was chosen for collecting information, because of its convenience, comprehensiveness and possibility of obtaining first hand information. This unique method involves the collection of data through face to face contact with direct verbal interaction between the interviewee and interviewer (Kothari, 2004). Hence, an interview method was selected, the interview schedule was formed. An interview schedule is the list of questions that helps to collect data from the field. This is generally filled up by the researcher or the interviewer himself (Krishnaswamy and Gupta, 2004). The interview schedule used, is given in Appendix I. The schedule (Appendix II) for the clinical status included informations on the condition of the eyes, skin, mouth, nails, hair and subcutaneous tissues and the schedule used for the  weighment survey, consisted the details on the amount of cooked and raw ingredients is given in Appendix III. The procedure for bio-chemical estimation of blood haemoglobin, red blood cell count, total iron binding capacity, serum iron and serum ferritin of the selected girls is given in Appendix IV. 

D. Supplementation study with health mix
Nutritional supplementation especially Iron supplementation during adolescence is suggested as an important strategy to improve the nutritional status especially iron status and also helps for the preparation of the future motherhood. The effect of iron supplementation during adolescence helps to increase iron status of the body. Adolescents who are iron deficient need to have iron supplements with the combination of enhancing factors like Vitamin C rich foods which helps to have rapid iron absorption, by converting the insoluble ferric ion in foods to more soluble ferrous ion and supplemental iron is already in ferrous form (Whitney and Rolfes, 1999). Iron supplementation not only improves the hemoglobin level but also physical functions, vitality and general health perception (Ando et.al., 2007). Keeping all these points in mind, the investigator formulated macro and micro nutrients rich health mix in the form of sweet ladoo for supplementation.

i. formulation and evaluation of health mix for supplementation 
The investigator formulated nutrient dense health mix in the form of sweet ladoo, using the ingredients of rice flakes, soya malt (vigor), jaggery with combination of dried amla powder. Rice flakes contribute certain constituent of iron. Soyamalt (Vigor) is 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. Jaggery is valuable for its calorific value and also for its iron content. Amla powder contributes appreciable amount of Vitamin C. Combination of these ingredients contributes multinutrients and make this food based supplement as an excellent food based approach for improving the health status of the anemic adolescent girls.

Totally 16 variations, four from each of four formulations were developed. In all the 16 formulations, ingredients were incorporated at different level. The quantity of ingredients used in different variations are given in Table II.

Table - II

Quantity of ingredients used in different variations 

 variation -I

	S.No.
	Ingredients
	Variations (g)

	
	
	I
	II
	III
	IV

	1
	Rice Flakes
	10
	10
	5
	15

	2
	Soya Malt
	10
	10
	10
	5

	3
	Dry Amla Powder
	10
	5
	5
	5

	4
	Jaggery
	20
	25
	30
	25


Variation - II

	S.No.
	Ingredients
	Variations (g)

	
	
	I
	II
	III
	IV

	1
	Rice Flakes
	15
	20
	15
	10

	2
	Soya Malt
	10
	10
	10
	10

	3
	Dry Amla Powder
	10
	10
	5
	5

	4
	Jaggery
	15
	10
	20
	25


Variation - III

	S.No.
	Ingredients
	Variations (g)

	
	
	I
	II
	III
	IV

	1
	Rice Flakes
	10
	10
	20
	20

	2
	Soya Malt
	10
	20
	10
	14

	3
	Dry Amla Powder
	10
	6
	14
	6

	4
	Jaggery
	20
	14
	6
	10


Variation - IV

	S.No.
	Ingredients
	Variations (g)

	
	
	I
	II
	III
	IV

	1
	Rice Flakes
	20
	15
	10
	25

	2
	Soya Malt
	15
	15
	10
	10

	3
	Dry Amla Powder
	5
	5
	15
	5

	4
	Jaggery
	10
	15
	15
	10


Ingredients  were accurately weighed, all these ingredients except jaggery were carefully roasted to enhance the flavour and texture and finely powdered along with jaggery. 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 16 variations of the five formuled 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 graduate students. From the 16 formulated mixes, variation which secured maximum score in the sensory evaluation was selected for supplementation study.

ii. Calculation of 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, vitamin C, folic acid, thiamine, riboflavin and niacin content.
TABLE - III

Nutrient content of the supplement

	Ingredients
	Amount (g)
	Energy (Kcal)
	Protein (g)
	Fat (g)
	Calcium (mg)
	Iron (mg)
	β-Carotene(mcg)
	Thiamin (mg)
	Riboflavin (mg)
	Vitamin C (mg)

	Rice 

Flakes
	10
	34.6
	0.66
	0.12
	2
	2
	-
	0.021
	0.005
	-

	Soya
	10
	43.2
	4.32
	1.944
	24
	1.04
	42.6
	0.072
	0.038
	-

	Jaggery
	25
	95.75
	0.1
	0.025
	20
	0.66
	-
	-
	-
	-

	Amla
	5
	2.9
	0.025
	0.005
	2.5
	0.06
	0.45
	0.0015
	0.0005
	30

	Total
	50
	176.45
	5.105
	2.094
	48.5
	3.76
	43.05
	0.0945
	0.0435
	30


According to Whitney and Rolfes (1996) people who are iron deficient need supplements as well as iron - rich foods with absorption-enhancing foods for improving their iron status. The supplement contributes 176.45 kcal of energy,  5.105 g of protein, 3.76 mg of iron, 48.5 mg. of calcium, 43.05 mcg of β-Carotene, 30 mg of Vitamin C, less than 1 mg of thiamine and 0.0435 mg of riboflavin.

iii. supplementation of health mix on selected subjects in the study groups
Health mix is valuable for its nutrient density of its unique characteristics of being rich in both macro and micro nutrients. Sub samples were selected and grouped into experimental group (N = 25) and control group (N=25). The experimental group received the 50g of sweet ladoo, in mid-morning, daily for the period of three months. Nutritional supplementation was not provided for the control group during the study period of three months and were used for comparison.
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iv. assessing the effect of health mix on nutritional status of the selected subjects in the study groups 

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). 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 biochemical estimation. Combination of these methods provide better picture of assessment of Nutritional status of the target groups (Jelliffe and Jelliffe,1989).

a. Anthropometric measurements

Anthropometry is the science of measuring the size, weight, height and proportions of the human body. These physical measurements are one of the components of nutritional assessment (Mahan and Stump, 2000). Measurements such as height and weight were recorded and body mass index (BMI) was calculated for all the subjects selected for supplementation study. 

· Height



Height of an individual is principally a measure of skeletal bony tissue. It is made up of the sum of components - legs, pelvis, spine and skull.           A vertical measuring non-stretch tape fixed on vertical flat wall was used to measure height. The subjects were asked to remove their shoes and stand up straight on a flat floor, with feet together and with heels, buttocks, shoulders and back of the head touching upright wall and looking straight forward and hold the head comfortably erect, the height was recorded and correct up to  0.1 cm.
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· 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 balance. Subjects were asked to stand on the weighing balance, without touching anything. The readings were carefully recorded nearest to 0.1 kg of weight, before and after the nutritional supplementation period of 90 days.
· Body Mass Index (BMI)

According to Cataldo et.al (1999) and Whitney and Rolfes (2002), Body Mass Index of a person is calculated using weight (in kg) in relation to square of height (in metre) using the formula of 
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Weight (Kg)


 Height (m)2
BMI values were calculated and classified according to Standard Values recommended by International Obesity Task Force (IOTF, 2002) for Asians. 

BMI < 18.5 

= 
underweight



BMI 18.5 to 24.9 
= 
normal



BMI 25 to 29.9 
= 
overweight



BMI > 30 

= 
obese
b. Individual dietary intake

According to Thimmayamma and Rao (1996), food weighment method can be used for weighing raw as well as cooked foods. In this method, foods are usually weighed using an electronic weighing balance.   The quantification of the actual food and nutrient intake by the subjects selected for the supplementation study was conducted for three consecutive days for all the groups. Foods were weighed both in raw and cooked form. While weighing, the amount of food wasted in preparation and left overs were also taken into account. Intake of foods and nutrients were calculated using nutritive value of Indian foods and calculated values were compared to the Recommended Dietary Allowances of ICMR (2007).

c. Clinical examination

Biochemical deficit becomes severe, clinical signs and symptoms eventually develop and becomes outwardly apparent. It is then possible to actually note clinical lesions in the body, perhaps in the skin, hair, nails, tongue or eyes (Sri Lakshmi, 2007). At this stage of a nutritional deficiency, vigorous glow that conveys good health is also lost. In the case of iron deficiency, the complexion become very pale and the heart rate of an affected person increases greatly during even moderate activity (Wardlaw and Insel, 1996).

d. Biochemical estimation
Biochemical tests are the most objective and sensitive measures of nutritional status, but not all are appropriate. Caution must be used when interpreting results because they can be affected by disease state and therapy (Mahan and Stump, 2004).Biochemical measures of nutrients or their byproducts in the blood, urines or body compartments are used to confirm suspected deficiencies and to detect those not yet evident by other measures. Blood samples are commonly analyzed to assess nutritional status. But since blood carries newly absorbed nutrients to the cells of the body, the amount in the current diet rather than the total body status of the nutrient (Smolin and Grosvenor, 1997).
· Blood Haemoglobin level

Iron forms an integral part of hemoglobin molecule that transport oxygen to the cells. In iron deficiency, the body is not synthesized adequate hemoglobin. Low hemoglobin values signal depleted iron stores. 

Deficient = < 10.0 g / dl and Acceptable = 12.0 or > g / dl (Whitney and Rolfes, 1996). Blood haemoglobin was estimated for the study groups, before and after supplementation for the period of 90 days.

· Serum Ferritin

In the first stage of iron deficiency, iron stores diminish. Serum ferritin measures provide a non-invasive estimate of iron stores and this information is the most valuable criteria to assess iron status. Serum ferritin is not reliable for diagnosing iron deficiency in infants, since normal serum ferritin values are often present in conjunction with iron, responsive anemia. A decrease in transport iron characterizes the second stage of iron deficiency. This is revealed by an increase in the iron-binding capacity of the protein transferrin and a decrease in serum iron. Deficient standards for serum ferritin in adolescents and adults is <12 and level of serum ferritin was recorded, before and after the supplementation of 90 days.

· Total Iron Binding Capacity (TIBC) 

Iron travels through the blood bound to the protein-transferrin. TIBC is a measure of the total amount of iron that transferrin can carry. TIBC values is greater than 400µg/100ml indicate iron deficiency.

· Serum Iron

Elevated values indicate iron overload, reduced values indicate iron deficiency. The acceptable and deficient values for serum iron in adolescent girls are >40 µg / dl and <40 µg / dl respectively.
· Mean Corpuscular Volume (MCV) 

A direct or calculated measure of the mean corpuscular volume (MCV) determines the average size of a red blood cell (RBC). Such a measure helps to classify the type of deficiency anemia. In iron deficiency, the red blood cells are smaller than normal size cells. The standards for MCV in adolescent girls are less than 80.

E. Analysis and interpretation of data
The data collected were organized to obtain the desired results and interpreted scientifically (Kothari, 2004). The collected data were 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. 
IV. RESULTS AND DISCUSSION

The results pertaining to the present study on “Feasibility of Mitigating Iron Deficiency Anemia among Adolescent Girls through Food Based Intervention” are presented and discussed under the following headings:

A. Background information of the selected subjects

B. Dietary pattern of the selected subjects

C. Health status of the selected subjects

D. Identification of girls for supplementation study and

E. Effect of supplementation of sweet ladoo on nutritional status of the girls in the study groups.

A. Background information of the selected subjects

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 fifty four adolescent girls (16-18 years), anemic girls were identified by screening the grade of anemia and selected for the supplementation study for the period of 90 days. They were further grouped into Experimental group (N=25) and the same category was selected for Control group (N=25). The research findings are given in the classification of experimental group and control group and are presented in following pages.
i. Socio-economic status of the selected subjects
Demographic profile regarding the type and size of the family, age, education, occupation and monthly income of the parents of the selected subjects were collected and discussed as follows.

TABLE - IV

FAMILY BACKGROUND INFORMATION OF THE SELECTED SUBJECTS

	Details
	No. of Families
	Percent

	Family size

Small family(1-3)

Medium family(4-7)

Large family(above 7)
	45

89

20
	29

58

13

	Type of family

Nuclear

Joint
	119

35
	77

23

	Educational Status 

Upto primary school

Upto high school

Upto higher secondary

Colleges

Illiterates
	        3

31

65

55

-
	        2

20

42

36

-

	Occupational Status*

Sedentary

Moderate

Heavy
	       30

97

27
	       19

63

18

	Monthly Income**

2500-4500

4501-7500

7501 and above
	11

69

74
	7

45

48


          *ICMR (2006) Physical activity classification   **HUDCO (2004)     

The collected data revealed that 77 per cent of the adolescent girls belonged to nuclear family system. It is heartwarming to note that the parents of the selected subjects were literate having different grades of education. Thirty six per cent finished their under graduation and 42 per cent had education upto the higher secondary school level and 20 per cent had upto high school and megre          (2 per cent) had education upto primary school level. None of them were illiterates. An earlier study by NIN (1998) had recognized that nutrition intervention would be effective when the education of both parents especially mother was ensured upto middle or high school level. The occupational statuses of the selected subjects were classified according to the guidelines given by ICMR (2006) for the physical activities. From the table IV, it was cleared to note that 19, 63 and 18 per cent of the parents of the selected subjects were engaged sedentary, moderate and heavy activities respectively. The income classification based on HUDCO (2004) revealed that seven, 45 and 48 per cent of the parents of the selected subjects  belonged to low, middle and high income group respectively.

B. Dietary pattern of the selected families

“What people eat is not calories but food and consideration of fads, flavors and variations of appetite can make nonsense of the dietitian’s theories” (Krishnan, 2007).

Good health is a prerequisite of human productivity and good food habits are essential aspects to achieve the maximum genetic potential. Women’s health should encompass all aspects of women’s lives including reproductive roles, biological reality and the social context in which women live, work and age (Anju and Kumari, 2007).
i. Food expenditure pattern of the selected families

Table V shows the food expenditure pattern of the selected families.

TABLE - V

FOOD EXPENDITURE PATTERN OF THE SELECTED FAMILIES

	Income spent for food (Rs)
	No. of families
	Percent

	500-1000
	          28
	     18

	1000-1500
	          54
	     35

	1500-2000
	          47
	     31

	More than 2000
	          25
	     16


The food expenditure pattern of the families of the selected subjects were calculated. Out of 154 families, 18 per cent of the parents of the selected subjects spent heartly Rs 1000 and 35 per cent of the families spent  Rs 1000-1500 and 31 per cent of the families spent Rs 1500-2000 whereas only 16 per cent of the families spent more than Rs 2000 for purchasing various types of foodstuffs to meet their nutritional requirements and to maintain their health status. Brahman et al., (2005) opine that the health and nutrition play the key role in the developmental progress of a country and the world.

ii.  Dietary habits of the selected subjects

Dietary habits are the corner-stones that promote the health status of an individual. It paves the way to grow, develop, work, play, resist infection and aspire to realize the health potential of an individual and the society. Among 154 subjects surveyed, 64 per cent were non-vegetarians, 18 per cent were vegetarians, 15 per cent were ova-vegetarians and three per cent were lacto-vegetarians.

iii.  Meal planning of the selected families

While planning the meal, 62 per cent of the selected families particularly homemakers planned their meal previously and rest of them took decision on the spot. Forty eight per cent of the homemakers planned their meals based on the likes and dislikes of the members in their family whereas the rest of them planned their meals depending on the availability of time, cost and seasonal availability of foods. From the household survey, it is vivid that all the selected home makers prepared breakfast, lunch, tea and dinner regularly and they felt that cooking is one of the important aspects of their household activities to fulfil the nutritional needs of their family members.

iv.  Meal pattern of the selected subjects

Sixty four per cent of the selected subjects had the habit of consuming three meals a day, consists of breakfast, lunch and dinner. Ninteen per cent consumed two meals in a day and skipped any one of the meals and 17 per cent of the selected subjects consumed four meals daily including evening tea with their major three meals.

v.  Meals skipped by the selected subjects

Out of 154 subjects, 36 per cent of the subjects skipped their breakfast, 18 per cent of the subjects skipped their lunch and 26 per cent of the subjects skipped their dinner and only 64 per cent of the girls consumed their usual meals daily. The reasons expressed for skipping their meals were that 21 per cent of the subjects skipped their breakfast due to lack of time in the morning, eight per cent had fasting and skipped their breakfast. The reason expressed by 16 per cent of the selected subjects for skipping meals as fattening is leading to the fact that the girls are conscious of their weight and beauty.
vi.  Consumption of beverages of the selected subjects

Out of the 154 subjects selected for the survey revealed that 49 per cent consumed milk regularly whereas 20 percent consumed both coffee and tea. Coffee and tea are widely consumed with meals or directly after meals, while some people prefer to consume these beverages between meals. However, both beverages have a high content of phenolic compounds which strongly inhibit the absorption of non-heme iron. A cup of tea with a meal reduces iron absorption by about 75 per cent depending on the amount of phenolic compounds per cup. The amount of phenolic compounds depends on differences in the amounts, brands and steeping times used to prepare the tea. A cup of coffee with a meal has been shown to reduce iron absorption by about 60 per cent (www.fscn.che.umn.edu/pf/outreach/faculty-outreach/nutrinet/iron-absorption).

vii.  Consumption pattern of Junk/Fast foods

Dietary consumption pattern of adolescent girls revealed that they consumed more amount of carbonated beverages, bakery items, fast foods and less consumption of millets, irrespective of the socio-economic conditions. However, consumption of vegetables, green leafy vegetables and fruits was moderate and do not promote their optimum health status (www.ncbi.nlm.nih.gov/pubmed /17299495). The list of junk/fast foods consumed by the selected subjects are listed in Table VI.

TABLE - VI

CONSUMPTION PATTERN OF JUNK/FAST FOODS  

	Junk/Fast

Foods*                               
	Frequency of consumption

	
	   Weekly
	Fortnightly
	  Monthly

	
	 No
	 %
	 No
	 %
	No
	 %

	Bakery items
	64
	46
	26
	26
	8
	20

	Carbonated beverages
	12
	9
	18
	18
	6
	41

	Hot and Spicy foods
	41
	29
	42
	42
	2
	16

	Ready to eat foods
	23
	16
	14
	14
	2
	23


          *Multiple response

From the survey, it was seen that 46 per cent of the selected subjects consumed bakery items weekly once, 26 per cent consumed fortnightly and 20 per cent consumed monthly once. Forty one per cent consumed carbonated beverages monthly, 18 per cent consumed fortnightly and nine per cent consumed weekly once. Majority of them (42 per cent) used to eat hot and spicy foods fortnightly, 29 percent consumed weekly once and 16 per cent had monthly once. Twenty three per cent of them used to have ready-to-eat foods monthly once. Sixteen per cent and 14 per cent had weekly and fortnightly once respectively in their dietaries.

viii.  Consumption of iron rich foods

                      The list of iron rich foods consumed by the selected subjects are presented in Table VII. 

TABLE -VII

CONSUMPTION OF IRON RICH FOODS

	Iron rich food items
	Consumption pattern

	
	Daily
	Weekly
	Fortnightly
	Monthly

	
	No
	%
	No
	%
	No
	%
	No
	%

	CEREALS

Rice flour 

Ragi 
	12

9
	4

3
	21

23
	3

4
	34

23
	6

4
	59

63
	5

5

	PULSES

Roasted Bengal gram 

Soyabean 
	28

4
	9

1
	17

23
	3

4
	34

45
	6

7
	45

82
	4

7

	GREEN LEAFY VEGETABLES 

Drumstick leaves 

Amaranthus 

Curry leaves 

Cabbage 

Manathakkali leaves 

Paruppu keerai 
	3

1

109

3

-

-
	1

0

35

1

-

-
	43

49

31

52

17

21
	7

7

5

8

2

3
	42

26

10

48

35

15
	7

4

2

8

6

2
	66

78

4

51

89

68
	6

7

0

4

8

6

	Other vegetables:

Cluster beans 

Drumstick 

Sundaikai dry
	-

9

7
	-

3

2
	34

62

12
	5

9

2
	59

35

11
	10

6

2
	61

48

31
	5

4

3

	roots and tubers

Carrot 

Colacasia 
	28

-
	9

-
	58

-
	9

-
	21

-
	3

-
	47

14
	4

1


From the survey, it was seen that four per cent of the selected subjects consumed rice flour daily in their daily dietary, three per cent consumed weekly once, six per cent consumed fortnightly and five per cent consumed monthly once. Five per cent consumed monthly, four per cent consumed fortnightly and weekly once whereas three per cent consumed daily once. Nine per cent of them used to consume roasted Bengal gram daily, 3 per cent consumed weekly once, 6 per cent consumed fortnightly and four per cent had monthly once. Seven  per cent of them used to have soyabean fortnightly followed by monthly once whereas one per cent and four per cent had  daily and weekly once respectively in their dietaries. Green leafy vegetables such as drumstick leaves, amaranthus, curry leaves, cabbage, manathakkali leaves and paruppu keerai were included less than 10 per cent in their diet by the subjects followed by other vegetables like cluster bean, drumstick and sundakkai and roots and tubers respectively. None of them were not aware of lotus stem and its iron content. 
ix.  Consumption of vitamin C rich fruits
Vitamin C with a meal containing iron-rich foods makes the diet of high bioavailability because this can triple the amount of absorption of iron than iron rich foods by itself (Subha, 2008). The list of Vitamin C rich fruits consumed by the selected subjects are listed in Table VIII.
TABLE -VIII

CONSUMPTION OF VITAMIN C RICH FRUITS

	Fruits
	Daily
	Weekly
	Fortnightly
	Monthly

	
	No
	%
	No
	%
	No
	%
	No
	%

	Lemon 
	69
	22
	41
	6
	24
	4
	20
	2

	Guava 
	-
	-
	25
	4
	18
	3
	37
	3

	Gooseberry 
	26
	8
	32
	5
	12
	2
	51
	4

	Orange 
	7
	2
	34
	5
	14
	2
	68
	6

	Grapes
	-
	-
	22
	3
	27
	4
	39
	3

	Sweet lime 
	-
	-
	14
	2
	42
	7
	76
	6


Of the 154 subjects selected for the survey, it was interesting to note that 22 per cent of the selected subjects consumed lemon daily, six per cent consumed weekly, four per cent consumed fortnightly and two per cent consumed monthly. Orange consumption of the selected subjects was less than ten per cent since it is a seasonal fruits followed by pineapple, guava, gooseberry, grapes and sweet lime.  
C. Health status of the selected subjects

The health status data of adolescent population revealed that there is a decline in the age of initiation of the growth spurt. The trend seems to have stopped with the age of menarche leveling off at 12.6. Research shows that menarche has dropped from 14-15 years to 12-13 (www.mum.org /menarche.htm).

i. Age at the onset of menarche of selected subjects

Information on the age at the onset of menarche were collected and given in the Table IX.

TABLE - IX
AGE AT THE ONSET OF MENARCHE OF THE SELECTED SUBJECTS

	Age at menarche(years)
	No. of subjects
	Percent

	10-12
	50
	32

	12-14
	89
	58

	 14-16
	15
	10


Among the one hundred and fifty four subjects selected for the study, 58 per cent attained their puberty in the age ranged between 12 and                   14 years. Thirty two per cent of them attained in the age ranged between 10 and  12 years and ten per cent were ranged between 14 and 16 years. National Centre for Health Statistics (1987) has reported that medium age of puberty was 13.1 years.

ii.  Problems faced and treatment taken for their menstrual problems

The problems faced by the selected subjects during menstruation are listed in the Table X.

TABLE - X
MENSTRUAL PROBLEMS FACED BY SELECTED SUBJECTS

	Menarche problems*
	No.of subjects
	Percent

	Excessive bleeding
	        36
	    29

	Irregular periods/Scanty bleeding
	        28
	    23

	Physical discomfort
	        36
	    29

	Vomiting sensation
	        59
	    42

	Body pain
	        34
	    27


* Multiple responses.

Of 154 selected subjects one third of the selected subjects had one or other menstrual problems. Twenty nine per cent had suffered from excessive bleeding followed by physical discomfort (29 per cent). Twenty three per cent had irregular periods during menstruation and forty two per cent had health problems such as vomiting sensation, headache, stomach pain etc. The health problems during menarche were managed by adopting homeopathy, natural and allopathy treatment but majority of them adopted simple home remedies like consumption of roasted bengal gram dhal, fenugreek seeds, mint or neem leaves extract, application of gingelly oil on the abdomen and intake of hot or cool beverages and rest of them took physical rest or tolerated their pain without taking any kind of medicines. This goes in tune with the findings of Thirumanidevi (2005) who focussed that excessive blood losses through menstruation increases the risk of anemia in adolescent girls.

iii.  Special foods given during menarche

The special foods given at the time of puberty were listed in Table XI. 
TABLE - XI
SPECIAL FOODS GIVEN AT THE TIME OF PUBERTY

	    Foods included*
	 No. of subjects
	Percent

	Gingelly oil with egg
	        104
	31

	Black gram dhal sweet ladoo
	         94
	28

	Rice flakes with jaggery
	         66
	20

	Fenugreek seeds
	          48
	14

	Fruit juices
	          24
	7


*Multiple response

                      Among the 154 subjects surveyed, 31 per cent had gingelly oil with egg at the time of puberty, 28 per cent had black gram dhal sweet ladoo, 20 percent had rice flakes with jaggery and 14 per cent were given fenugreek seeds. It is believed that these foods strengthen the pelvic bones and uterus and provide relief from stomach and back pain regulating the menstrual flow. The findings of the study also revealed that 25 per cent did not have any of these special foods during puberty.                         

                    At the same time, certain foods like papaya, ghee, sweets, spicy foods, pineapple, sesame, pickle, non-vegetarian and brinjal were avoided during their menstrual period. They believed that these food items were hot and leads to have excessive bleeding with severe stomach pain.

 iv.  Morbidity pattern among the selected subjects

Morbidity pattern among the selected subjects in the past six months is given in Table XII.
TABLE - XII
MORBIDITY PATTERN AMONG THE SELECTED SUBJECTS

	Health problems*
	No. of subjects
	Percent

	Typhoid
	6
	3

	Diarrhoea
	18
	11

	Dysentery
	13
	8

	Jaundice
	4
	2

	Cold
	71
	41

	Fever
	60
	35


                       *Multiple response

              It was observed that 41 per cent of the subjects suffered from cold in the past six months and 35 per cent did experience fever, 11 per cent had diarrhea and eight per cent had dysentery and three per cent had typhoid and two per cent suffered from jaundice and none of them had been suffered from any other health problems the past six months.

D. Identification of girls for supplementation study

i. Anthropometric measurements of the selected girls (N=154)

 Anthropometric measurements is not only an outcome of food intake but also a determinant of health status.
· Height of the selected subjects

 Mean height of the selected subjects is given in Table XIII and Figure II.
TABLE - XIII
MEAN HEIGHT OF THE SELECTED SUBJECTS

	Age (years)
	NCHS(1987)* (cm)
	Mean height(cm)
	Mean difference

	16
	162.7
	158.8
	3.9

	17
	163.4
	160.6
	2.8

	18
	163.7
	160.2
	3.5


*National Centre for Health Statistics (1987).

                   From the above table, it was revealed that the mean height for 16, 17 and 18 years of  adolescent girls was 158.8, 160.6 and 159.2 cm. National Centre for Health Statistics (1987) has pointed out the standard height for the 16, 17,  and 18 years  was 162.7, 163.4 and 163.7 respectively. The mean heights of the selected adolescent girls (16 - 18 years) were below the standard values suggested by NCHS (1987). The minimum difference of 2.8 cm was noted among 17 year girls and maximum difference of 3.9 cm was noted among girls of 16 years.              The same trend was noted in the mean height of the girls of 18 years old.

· Weight of the selected subjects

  Mean weight of the selected subjects is presented in the Table XIV and Figure II.

TABLE - XIV
MEAN WEIGHT OF THE SELECTED SUBJECTS

	Age (years)
	NCHS* (1987)

(Kg)
	Mean weight(kg)
	Mean difference

	16
	56.49
	55.49
	0.91

	17
	56.69
	55.19
	1.50

	18
	56.81
	54.30
	2.51


Among the 154 subjects selected for the identification of subjects for the supplementary study, the mean weight for 16, 17 and 18 years girls was 55.49,  55.19 and 54.30 kg. National Centre for Health Statistics has reported that the standard weight for 16, 17 and18 years subjects was 56.49, 56.69 and 56.81 kg respectively. The mean weights of the adolescent girls (16 - 18 years) were below the standard values suggested by NCHS (1987). The minimum difference of 0.91 kg was noted among girls of 16 years and the maximum difference of 2.51 kg  was noted among girls of 18  years. The same trend was noted in the mean weight of the girls of 17 years old.
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· Body Mass Index (BMI) of the selected subjects

             Body Mass Index (BMI) was calculated using the standard formula and presented in Table XV.

TABLE - XV
Body Mass Index of the selected subjects
	Nutritional Grade
	BMI*
	No. of subjects
	Percent

	Underweight
	< 18.5
	68
	44

	Normal
	18.5 - 24.9
	37
	24

	Overweight
	25 - 29.9
	32
	21

	Obese
	> 30
	17
	11


*(IOTF, 2002)

According to IOTF, (2002), 18.5 to 24.9 is an ideal/normal BMI, 25 to 29.9 is overweight and 30 and above is obesity. Table XV shows the existence of the various grades of nutritional status and clearly revealed that 44 per cent of the selected subjects were belonged to nutritional grade of underweight, 24 per cent were normal and healthy nutritional grade, 21 per cent of them were overweight and 11 per cent were in the nutritional grade of obesed. 

ii.  Haemoglobin level of the selected girls (N =154)

Haemoglobin level was estimated by cyanomethaemoglobin method and considered as a criteria for identification of the girls for the supplementation studies. Table XVI and Figure III shows the percentage prevalence of anemia among the selected subjects.                                           

TABLE - XVI
Mean Haemoglobin level of the Selected subjects

 (N = 154)

	Age group (years)
	Percentage prevalence of anemia

	
	Normal and Healthy
	Mild
	Moderate
	Severe

	16
	38
	36
	23
	3

	17
	27
	29
	37
	7

	18
	34
	32
	29
	5


Table XVI shows the existence of the various grades of anemia among selected girls of 154. Thirty eight, 27 per cent and 34 per cent of 16, 17,18 years of adolescent girls respectively were healthy and nonanemic, having normal haemoglobin level of 11 - 14 g per dl. Thirty six, 23 and three per cent of the adolescent girls of 16 years respectively were mildly, moderately and severely anemic and the same trend was noticed in 17 and 18 years old adolescent girls. It was heartwarming to note that only meager per cent of the selected girls were severely anemic. 
E. Effect of Supplementation of sweet ladoo on nutritional status of girls in    the study groups

Food based approach with iron rich foods is very effective to enhance iron status of an individual. To assess the effect of supplementation on the nutritional status of the selected target group nutritional anthropometric measurements, clinical examination, biochemical estimation and individual dietary intake.
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i. Formulation and sensory evaluation of sweet ladoo for supplementation

Nutrient dense healthmix in the form of sweet ladoo, using the ingredients of rice flakes, soya malt (vigor), jaggery with combination of amla powder was formulated for supplementation and used for evaluation. Combination of these ingredients contributes multinutrients and make the food based approach for improving the health status of the anemic adolescent girls

The evaluation aspect 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.

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

Among the 16 varieties of the iron rich health mix in the form of sweet ladoo with 4 different 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 XVII and Figure IV  reveal the mean quantity of health mix prepared and given to the subjects in the study groups.

The formulated iron rich health mix based on riceflakes-10g, soya malt-10g, amla powder-5g and jaggery 25g was completely consumed by the adolescent girls. All the girls in the study groups expressed that high quantity of amla powder based healthmix was not acceptable and it gives a bitter taste and they were not able to consume completely and these factors affected the acceptability of the product.

TABLE - XVII
QUANTITY OF HEALTH MIX CONSUMED BY THE SELECTED SUBJECTS IN THE STUDY GROUPS

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

	
	
	Given
	Leftover
	Consumed

	1.
	Riceflakes(15g), Soyamalt(15g), Dry amla powder(5g), Jaggery(15g)
	25
	5
	20

	2.
	Riceflakes(10g), Soyamalt(10g), Dry amla powder(5g), Jaggery(25g)
	25
	0
	25

	3.
	Riceflakes(15g), Soyamalt(10g), Dry amla powder(5g), Jaggery(20g)
	25
	5
	20

	4.
	Riceflakes(10g), Soyamalt(10g), Dry amla powder(10g), Jaggery(20g)
	25
	10
	15


iii. Assessing the effect of supplementation on nutritional status of the selected subjects in the study groups

Nutritional status of anemic adolescent girls in thje study groups were assessed by anthropometric measurements, individual dietary pattern, clinical profile and biochemical parameters and the data are discussed as below:

a. Anthropometric measurements of the selected subjects(16-18 years)

Adolescent girls are also the ‘Future mothers’. They should be nutritionally adequate to deliver healthy babies. So their nutritional status is considered to be a sensitive indicator of community health and nutritional status
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and it should be assessed effectively. The common parameter used for nutritional assessment is anthropometric measurements. 
 Anthropometric measurements involve obtaining physical measurements of an individual and relating them to standards that reflect the normal growth and development of the individual (Mahan and Stump, 2000). 
· Mean height of the selected subjects in the study groups
 Table XVIII give the details regarding the mean height of the selected subjects in the study groups.
                    TABLE - XVIII
Height of the selected subjects in the study groups
	Age (years)
	Experimental
	Control

	
	Mean  ±SD
	Mean difference
	‘t’

Value
	Mean ±SD
	Mean difference
	‘t’

value

	
	Initial
	Final
	
	
	Initial
	Final
	
	

	16
	158.8± 7.412
	159.7±
7.569
	0.9
	13.53**
	153.1±
0.529
	153.7±
7.412
	0.6
	2.492NS

	17
	160.6±
5.30
	161.3±
5.92
	0.7
	10.42**
	160.7±
5.921
	160.9±
5.991
	0.2
	2.510 NS

	18
	160.2±
5.47
	161.4±
6.012
	1.2
	6.091**
	161.2±
5.217
	161.1±
5.216
	0.1
	2.132 NS


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

                   The mean height of the selected subjects aged 16, 17 and 18 years was 158.8, 160.6 and 160.2 kg 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 group 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 16, 17 and 18 were below the NCHS standard value and it reflects the poor nutritional status of the subjects in the study groups.
· Mean weight of the selected subjects 

Mean weight of the selected subjects in the study groups is presented in the Table XIX.

TABLE - XIX
MEAN WEIGHT OF THE SELECTED SUBJECTS

	Age

(years)
	Experimental
	Control

	
	Mean  ±SD
	Mean difference
	‘t’

Value
	Mean ±SD
	Mean difference
	‘t’

value

	
	Initial
	Final
	
	
	Initial
	Final
	
	

	16
	55.49± 1.981
	56.96±
2.958
	1.47
	9.591**
	55.62±
5.718
	55.81±
5.81
	0.19
	11.93NS

	17
	55.19±
2.198
	56.84±
2.481
	1.65
	8.679**
	55.41±
4.28
	55.78±
4.47
	0.29
	11.11 NS

	18
	54.30±
3.093
	55.92±
3.686
	1.62
	8.423**
	54.71±
5.42
	54.62±
5.21
	0.09
	10.45 NS


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

The mean weight of the selected subjects aged 16, 17 and 18 years was 55.49, 55.19 and 54.30 kg 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 group and there was no increment in the weight of the selected subjects in the control group. By conclusion, the mean height and weight of the selected subjects in the age group of 16, 17 and 18 were below the NCHS standard value and it reflects the poor nutritional status of the subjects in the study groups.

· Body Mass Index (BMI) of the selected subjects
The calculated Body Mass Index (BMI) values are presented in Table XX.

TABLE - XX

Mean Body Mass Index of the Selected Subjects
	Age

(years)
	Experimental
	Control

	
	Mean  ±SD
	Mean difference
	‘t’

Value
	Mean ±SD
	Mean difference
	‘t’

value

	
	Initial
	Final
	
	
	Initial
	Final
	
	

	16
	20.19± 0.198
	21.42±

0.945
	1.23
	11.91*
	19.01±

1.920
	19.21±

1.989
	0.20
	2.50NS

	17
	19.54±

1.421
	21.01±

1.985
	1.47
	4.62*
	20.42±

1.631
	20.59±

1.649
	0.17
	2.325 NS

	18
	22.62±

1.598
	23.04±

2.014
	0.42
	7.54*
	21.64±

2.268
	21.91±

2.232
	0.27
	1.441 NS


** - Significant at 5% level          NS - Not significant
From the above Table XX, 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 five per cent level. The selected subjects in the control group did not show any increase in their BMI.
b. Dietary pattern of the selected subjects

i. Mean daily food intake of the selected subjects in the study groups

Food intake pattern of an individual is affected by socio-economic status, cultural practices and seasonal availability of the foods. A weighment survey was conducted for three consecutive days in the experimental and control group to find out the adequacy of diets in terms of nutrient requirements. Average daily dietary intake of the selected subjects in the study groups 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 XXI. 

TABLE-XXI
MEAN FOOD INTAKE OF THE SELECTED SUBJECTS IN THE          STUDY GROUPS

	Food Items
	RDA

ICMR(g)

(16 - 18 years)
	Experimental
	Control

	
	
	Mean intake

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

	Cereals
	300
	260
	-13.33
	272
	-9.33

	Pulses
	60
	41.2
	-31.33
	45.7
	-23.83

	Green leafy vegetables
	100
	49
	-51.00
	36.1
	-63.90

	Other vegetables
	100
	74.3
	-25.70
	62.4
	-37.60

	Roots and tubers
	100
	128
	28.00
	73.9
	-26.10

	Fruits
	100
	43
	-57.00
	42.6
	-57.40

	Milk and milk products
	500
	376
	-24.80
	304
	-39.20

	Sugar and jaggery
	30
	28.1
	-6.33
	17.6
	-41.33

	Oils and fats
	25
	19.5
	-22.40
	14.5
	-42.00


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 of the selected subjects in the experimental and control group was inadequate and inadequacy was most prominent for fruits,  green leafy vegetables, other vegetables, milk and milk products and pulses when compared to RDA of ICMR (2004).
ii. Mean nutrient intake of the selected subjects in the 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)

TABLE-XXII
 MEAN NUTRIENT INTAKE OF THE SELECTED SUBJECTS

	Nutrients
	RDA ICMR

(16 - 18 years)
	Experimental
	Control

	
	
	Mean intake
	Percent Deficit/Surplus
	Mean intake
	Percent Deficit/Surplus

	Energy (kcal)
	2060
	1904
	-7.57
	1956
	-5.05

	Protein (g)
	63
	54
	-14.29
	57.6
	-8.57

	Fat (g)
	22
	19
	-6.67
	20
	-3.33

	Calcium (mg)
	500
	427.9
	-14.42
	492
	-1.60

	Iron (mg)
	30
	19
	-36.67
	21
	-30.00

	Beta-carotene (µg)
	2400
	1862
	-22.42
	2015
	-16.04

	Thiamine (mg)
	1.0
	0.63
	-37.00
	0.97
	-3.00

	Riboflavin (mg)
	1.2
	0.75
	-37.50
	0.64
	-46.67

	Niacin (mg)
	14
	12.1
	-13.57
	13
	-7.14

	Vitamin C(mg)
	40
	37.9
	-5.25
	34.1
	-14.75


,
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. There was not much deficit in energy intake and it was seven per cent in experimental group and five per cent in control group and there is deficit in all other nutrients ranged between ten and fifty per cent. The highest deficit was noticed in riboflavin, thiamine, iron followed by Beta-carotene, protein, calcium, niacin and fat. From the result, it is evident that the nutrient intake especially iron, Beta-carotene, protein, calcium of the subjects in both experimental and control group was inadequate. Young children and youth living in developing countries consume monotonous meals contributing marginal nutrients and exposed to have increased rate of deficiency diseases and infectious diseases (Rao, 2005).

iii. Clinical profile of the selected subjects in the study groups

The nutritional status of the selected subjects was also evaluated through clinical examination. Table XXIII shows the clinical signs observed, before and after supplementation of sweet ladoo for the period of 90 days.

TABLE - XXIII

CLINICAL SIGNS OBSERVED BEFORE AND AFTER SUPPLEMENTATION

	Clinical signs and symptoms
	Experimental  %
	Control  %

	
	Initial
	Final
	Initial
	Final

	Fatigue/weakness
	25
	15
	30
	30

	Lack of interest/poor concentration
	30
	20
	60
	45

	Headache
	60
	45
	35
	15

	Paleness of the eye
	45
	35
	20
	25

	Pale conjunctiva
	15
	5
	25
	10

	Dry and rough skin
	30
	25
	25
	15

	Swollen bleeding gum
	20
	5
	15
	25

	Dental caries
	15
	5
	5
	30


                Among the selected subjects, lack of interest/poor concentration was present in comparatively larger percentage of adolescent girls, followed by fatigue or weakness, headache, paleness of the eye, dry and rough skin. Dental caries and swollen bleeding gum are found comparatively lower in the selected subjects of experimental and control group. The improvement in nutritional status of the experimental group was mainly due to macro and micro nutrients rich health mix which was used for the supplementation of 90 days.
iv. Biochemical profile of the selected subjects in the study groups

· Haemoglobin estimation

Blood haemoglobin level of the selected subjects in the study groups, before and after supplementation was recorded and given in Table XXIV and Figure V.                                       

TABLE - XXIV
HAEMOGLOBIN LEVEL OF THE SELECTED SUBJECTS IN THE STUDY GROUPS

	Age
(years)
	Experimental
	Control

	
	Mean haemoglobin ±SD
	Mean difference
	‘t’

Value
	Mean Haemoglobin±SD
	Mean difference
	‘t’

value

	
	Initial
	Final
	
	
	Initial
	Final
	
	

	16
	10.500± 1.414
	12.280±
1.0895
	1.780
	2.776**
	10.900±
0.565
	10.950±
0.495
	0.050
	12.706NS

	17
	9.609±
1.386
	11.6909±
0.8792
	2.081
	2.228**
	10.100±
1.555
	10.350±
1.202
	0.250
	12.706NS

	18
	10.244±
1.703
	12.460±
1.143
	2.215
	2.306**
	11.477±
0.432
	11.482±
0.426
	0.005
	1.922 NS


** - Significant at 1% level;      NS - Not Significant
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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 with the combination of amla powder improves haemoglobin level and prevents the occurrence of anemia.
· Red Blood Cell Count, Serum Iron, Total Iron Binding Capacity of the selected subjects in the study groups 

Table XXV and Figure VI elicit information regarding the level of red blood cell count, serum iron, total iron binding capacity, before and after supplementation of 90 days.

TABLE - XXV

Mean Red Blood Cell Count, Serum Iron, Total Iron Binding Capacity of the selected subjects in the study groups

	Age

(yrs)
	Group
	                 RBC 

           Normal value

       (4.5-5.5 mill/cumm)
	               Serum Iron          

              Normal value

             (37-158 µg/dl)
	               TIBC

       Normal value 

     (228-428 µg/dl  )

	
	
	Initial


	 Final
	‘t’

value
	Initial


	Final
	‘t’

value
	Initial


	Final
	‘t’

value

	16
	Experimental

Mean ±SD
	3.68±

0.71
	4.82±

1.10
	2.77**
	79.50 

±8.22
	83.25±

8.50
	3.182*
	375.75       ±2.87
	414.62      ±43.2
	3.1NS

	
	Control

Mean  ±SD
	3.55±

0.63
	3.65±

0.49
	12.70NS
	61.25±

5.69
	61.85     ±5.75
	0.6 NS
	482.90        ±27.51
	481.95    ±24.6
	0.5NS

	17
	Experimental

Mean  ±SD
	3.12±

0.62
	4.33±

0.58
	2.22**
	88.33 ±9.6
	91.66 ±10.40
	4.30 NS
	379.00 ±4.58
	394.33   ±4.04
	4.3NS

	
	Control

Mean  ±SD
	3.35±

0.77
	3.50±

0.56
	12.70 NS
	68.63 

±4.9
	69.32 

±4.81
	2.3 NS
	 486.11        ±28.30
	475.21 ±31.6
	0.5NS

	18
	Experimental

Mean  ±SD
	3.20±

0.72
	4.84±

0.60
	2.300**
	85.00±

719.6
	89.00      ±705.4
	4.30 NS
	334.33 ±313.7
	375.3±

391.6
	4.3NS

	
	Control

Mean  ±SD
	3.40±

0.18
	3.59±

0.18
	2.44 NS
	68.77±

3.49
	69.11     ±3.3
	0.58 NS
	 362.0       ±12.54
	360.63   

15.46
	1.2NS


** - Significant at 1% level             * - Significant at 5% level               NS - Not significant 

Combination of iron and vitamin C rich supplement improve iron nutriture of the body in an effective manner and prevent the occurrence of iron deficiency anemia.

It was found the mean Red blood cell count for 16 years anemic subjects was 3.68 m/m3 and it had increased to 4.82 m/m3 after supplementation with iron rich sweet ladoo with amla powder. This increment was found to be statistically significant at One per cent level and for 17 years anemic subjects, it was 3.12 m/m3 and increased to 4.33 m/m3 after supplementation and the difference between the initial and final levels was found to be statistically significant at one per cent whereas for 18 years subjects, the mean RBC count was 3.20 m/m3 before supplementation and it had increased to 4.84 m/m3 after supplementation and the difference between the initial and final levels was found to be statistically insignificant.

The mean serum iron level expressed that the experimental group of 16 years subjects, was increased from 79.50 to 83.25 µg/dl, for 17 years subjects, it was from 88.33 to 91.66 µg/dl whereas for 18 years subjects, it was increased from 85.00 to 89.00µg/dl and for control group, it did not bring any improvement among 16, 17 and 18 years subjects. Significant improvement at Five Per cent was noticed in experimental group of 16 years and found to be not significant.

It was found that the total iron binding capacity of the experimental group of 16 years had increased from 375.75 to 414.62 and for 17 years it was increased from 379 to 394.33 and for 18 years, it had decreased from 334.33 to 375.33 and for control group of 16 years subject, it is decreased from 482 to 481.95 for 17 years, it had decreased from 486.11 to 475.21 whereas for 18 years, it had decreased from 362.0 to 360.63. Statistical analysis of initial and final TIBC values for experimental and control group revealed that it was not significant.
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· Serum ferritin and Mean Corpuscular Volume of the selected subjects in the study groups

 Table XXVI and Figure VII shows the information regarding the level of serum ferritin and mean corpuscular volume, before and after supplementation of 90 days. 
TABLE - XXVI
serum ferritin, Mean corpuscular volume of the selected subjects in the study groups
	Age (yrs)
	Group
	Serum ferritin
Normal value (4.6-20 ng/ml)
	MCV
Normal value (82-92 Cu.mm)

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

	16
	Experimental
Mean ±SD
	30.72±
32.85
	32.70      ±34.87
	3.18 NS
	69.250±
26.24
	73.07±25.48
	3.18**

	
	Control
Mean  ±SD
	25.84±
2.69
	26.21±
2.57
	2.4 NS
	36.76±
3.55
	135.73±3.75
	0.72NS

	17
	Experimental
Mean  ±SD
	14.133 ±0.77
	15.40 ±1.55
	4.30 NS
	84.00±
4.582
	88.80±3.36
	4.30NS

	
	Control
Mean  ±SD
	18.75±
19.3
	19.34±
1.50
	0.50 NS
	74.96±
2.82
	74.76±2.85
	0.4 NS

	18
	Experimental
Mean  ±SD
	14.16 ±3.61
	15.56±
1.36
	4.30 NS
	88.00±
1.73
	90.83±3.17
	4.30NS

	
	Control
Mean  ±SD
	13.64±
3.32
	13.71±
0.45
	0.07 NS
	68.77±
3.49
	69.11±3.30
	0.58NS


** - Significant at 1% level     NS - Not significant 
It was found that the serum ferritin levels of the selected subjects in the experimental groups had increased from 30.72 to 32.70  µg/l for the 16 years subjects, for 17 years subjects, it had increased from 14.133 to 15.40 µg/l whereas for 18 years subjects, it had increased from 14.16 to 15.56  µg/l in the experimental group. Serum ferritin level of the selected subjects in the control group increased.


from 18.75 to 19.34µg/l for 17 years subjects, for 16 years subject, it had increased from 25.84 to 26.21µg/l and for 18 years, it had increased from 13.64 to 13.71 µg/l. but statistical analysis of the data revealed that there was no significant improvement.

The mean MCV level of  selected subjects in the experimental group was increased from 69.25 to 73.07 for 16 years subjects, for 17 years it increased from 84.0 to 88.80 and for 18 years, it had increased from 88.00 to 90.83 whereas in the control group, it has been decreased from 36.76 to 35.73 for 16 years, 74.96 to 74.76 for 17 years and it had increased to 68.77 to 69.11 for 18 years subjects respectively. It was found to be statistically significant at one per cent only for the experimental group of 16 years and for the other group it was not found to be statistically significant.

The above data showed that, in experimental group, the biochemical profile specially iron status of the body was improved significantly at one per cent level whereas in control group, there was no significant improvement in biochemical profile of the selected subjects in the study groups. The increment in biochemical parameters of the experimental group was mainly due to the protein and iron content of the sweet ladoo used for supplementation study for 90 days.  

v. SUMMARY AND CONCLUSION

Globally, iron deficiency anemia affects four to five billion people. In India, it is a major public health problem among preschoolers, adolescents girls, pregnant and lactating women. The overall prevalence of anemia among 12 to 14 year adolescent girls is 69 per cent and for older adolescent girls (15 – 18 years), it is around 70 per cent. Anemia among adolescents, not only reduces work capacity and immunocompetence but also has adverse impact, when they attain motherhood. 
Iron supplementation during adolescence is suggested as a strategy to reduce anemia during pregnancy. The positive effect of iron supplementation during adolescent is to increase iron stores in the body. Vitamin C with a meal containing iron rich foods makes the diet of high bioavailability because this can triple the amount of absorption of iron than iron rich food by itself.
Dietary diversification and the modification of diets  increase the iron content or improve iron bioavailability. It is the feasible and sustainable strategy at household level. India is blessed with an array of plant foods rich in macro and micronutrients including iron and advisable to adopt food based approach which is an attractive and least expensive strategy with high nutrient density to reach the quality food for adolescent girls. Hence, the present study is a small foot print in this direction and the study entitled “Feasibility of Mitigating Iron Deficiency Anemia Among Adolescent girls through Food Based Intervention” was undertaken to study the prevalence of anemia among the selected adolescent girls (16 - 18 years) in Coimbatore city and  evaluate the effect of supplementation on nutritional status especially biochemical- iron nutriture of selected anemic adolescent girls.
In the first step of the present study, household survey and screening of anemia were conducted to identify girls for supplementation study. In the beginning of the supplementation study, sixteen combinations of supplements were developed using roasted bengal gram, green gram dhal and soyaflour (vigor) in different proportions. Each variety had four variations for effective incorporation of the selected ingredients. Among the 16 variations, riceflakes-10g, soyamalt-10g, jaggery-25g and dry amla powder-5g  supplement was highly acceptable and used for supplementation. In the supplementation study, the effect of supplement on nutritional and biochemical profile of the selected target groups was assessed before and after supplementation for 90 days. Statistical analysis was also used to find out the effect of supplementation on the selected target groups.
An interview schedule was formulated to collect an in-depth knowledge regarding the demographic and dietary pattern of the adolescent girls of the selected families and also information regarding the health and nutritional status of the selected subjects.
A total of 154 adolescent girls in the age group of 16 to 18 years were selected from Avinashilingam University, Coimbatore city. The subjects were screened and anemic girls were identified and considered for supplementation study. Fifty anemic adolescent girls with specified grade of anemia were selected for the supplementation study. Among the fifty anemic girls, 25 were chosen for the supplentation study and considered as experimental group and the rest of 25 girls were considered as control group and used for comparison.
The experimental group was supplement with 50g of iron rich rich sweet ladoo incorporated with amla powdwer (10g of rice flakes was roasted, powder, and mixed with 10g of roasted soyaflour, 5g of amla powder and 25g of jaggery. Made into small balls and termed as sweet ladoo and distributed to the selected girls in the experimentation group, daily for the period of 90 days. Effect of supplement was assessed by anthropometric measurement, individual dietary pattern, clinical examination and biochemical estimation, before and after supplementation for the period of 90 days.
The salient findings of the present study were given below:

A. Background information of the selected subjects

· Socio economic survey was conducted for the selected 154 families to                                identify girls for supplementation studies. The data of the survey revealed that, 77 per cent of the subjects belonged to nuclear family system whereas 23 per cent belonged to joint family system.

· It is heartwarming to note that the parents of the selected subjects were literate having different levels of education. Thirty six per cent finished their under graduation and 42 per cent had education upto higher secondary school level and 20 per cent had upto high school and two per cent had upto primary school level.

· The occupational status of the parents of the selected subjects revealed that 19,63 and 18 percent of the parents of the selected subjects were engaged in sedentary, moderate and heavy activities respectively.

· The income classification based on HUDCO (2004) revealed that seven , 45 and 48 per cent of the parents of the selected subjects belonged to low, middle and high income group respectively.

B. Dietary pattern of the selected subjects

· Information on the general food consumption pattern showed that 18 per cent of  parents of  selected subjects spent nearly Rs 1000, 35 per cent of the families spent Rs. 1000 – 1500, 31 per cent of the families spent Rs. 1500 – 2000 and 16 per cent of the families spent more than Rs. 2000 of their monthly family income for purchasing different types of food items for maintaining their nutritional and health status.

· Among 154 subjects surveyed, 64 per cent were non-vegetarians, 18 per cent were vegetarians, 15 per cent were ova-vegetarians and three percent were lacto-vegetarians.

· While planning the meal, 62 per cent of the selected families particularly homemakers planned their daily menu previously and rest of them planned to have decision on the spot. Forty eight per cent of the homemakers planned their meals based on the likes and dislikes of the members in their families and the rest of them planned their menu based on the availability of time, cost and seasonal availability of foods.

· Sixty four per cent of the selected subjects had the habit of consuming three meals a day, 19 per cent consumed two meals a day and 17 per cent of the selected subjects consumed four meals daily.

· Thirty one percent of the selected subjects skipped their breakfast, 18 per cent skipped their lunch and 28 per cent skipped their dinner and rest of them had three meals regularly without skipping any part of the meal.

· Survey of 154 subjects revealed that 49 per cent consumed plain milk regularly whereas 20 per cent consumed both coffee and tea and 21 per cent consumed health drinks in milk with complan, bournvita and so on..

· From the data gathered, it was evident to note that 46, 26 and 20 percent of the selected subjects consumed bakery items weekly, fortnightly and monthly once respectively. Forty two, 29 and 19 percent used to have a habit of eating hot and spicy foods fortnightly, weekly once, monthly once respectively. Twenty three, 16 and 14 per cent of them used to prefer ready-to-eat foods monthly once, weekly once and fortnightly once respectively.

· From the survey, it was seen that four per cent of the selected subjects consumed rice flour daily in their daily dietary, three per cent consumed weekly once, six per cent consumed fortnightly and five per cent consumed monthly once. Five per cent consumed monthly, four per cent consumed fortnightly and weekly once whereas three per cent consumed daily once. Nine per cent of them used to consume roasted Bengal gram daily, 3 per cent consumed weekly once, 6 per cent consumed fortnightly and four per cent had monthly once. Seven  per cent of them used to have soyabean fortnightly followed by monthly once whereas one per cent and four per cent had  daily and weekly once respectively in their dietaries. Green leafy vegetables such as drumstick leaves, amaranthus, curry leaves, cabbage, manathakkali leaves and paruppu keerai were included less than 10 per cent in their diet by the subjects followed by other vegetables like cluster bean, drumstick and sundakkai and  roots and tubers  respectively. None of them were not aware of lotus stem and its iron content.

· Of the 154 subjects selected for the survey, it was interesting to note that 22 per cent of the selected subjects consumed lemon daily, six per cent consumed weekly, four per cent consumed fortnightly and two per cent consumed monthly. Orange consumption of the selected subjects was less than ten per cent since it is a seasonal fruits followed by pineapple, guava, gooseberry, grapes and sweet lime.  
C. Health status of the selected subjects

· Among the girls which attained puberty, 58, 32 and 10 per cent had their puberty in the age ranged between 12 and 14 years, 10 and 12 years and 14 and 16 years respectively. 

· It is evident to note that 29 per cent of the selected girls suffered from excessive bleeding followed by physical discomfort such as stomach pain, back pain, headache and vomiting sensation. Twenty three per cent had irregular menstrual cycle with scanty or excessive bleeding.

· It is interesting to note , 31 per cent of them adopted domestic remedial measures to strengthen their reproductive system like gingelly oil with egg at the time of puberty, 28 per cent had black gram dhal sweet ladoo, 20 per cent had riceflakes with jaggery. Fourteen per cent were given fenugreek seeds to strengthen the pelvic bones and uterus and provide relief from stomach and backpain.

· It was observed that, 41 per cent of the subjects suffered from cough and cold in the past six months and 35 per cent had fever, 11 per cent had diarrhoea and eight per cent had dysentery and three per cent had typhoid fever and two per cent suffered from jaundice and none of them had been suffered from any other health problems.

D. Identification of girls for supplementation study

· The mean height of the selected subjects aged 16, 17 and 18 years was  and 158.8,160.6 and 160.2 cm respectively. The mean height of the adolescent girls (16 – 18 years) were below the standard values suggested by NCHS (1987). The minimum difference of 1.47 cm was noted among 16 year girls and maximum difference of 1.65 cm was noted among girls of 17 years. The same trend was noted in the mean height of the girls of 18 years of the selected subjects.

· The mean initial weight of 16, 17 and 18 years girls were 55.49, 55.19  and 54.30 kg respectively. After supplementation for the period of 90 days, it is clear to note that there was an improvement in gain in weight of the selected subjects in the experimental group and there was no improvement in gain in weight of the selected subjects in the control group.

· Fourty four per cent of the selected  subjects were belonged to nutritional grade of underweight, 24 per cent were normal and healthy, 21 per cent of them were overweight and 11 per cent were in the nutritional grade of obesed. After supplementation percentage prevalence of underweight was reduced and percentage prevalence of  normal health status was increased.

· The haemoglobin level of the selected 154 adolescent girls revealed that 38, 27 and 24 per cent of 16, 17 and 18 years of adolescent girls respectively were healthy and non-anemic, having normal haemoglobin level of 11 to 13 g/dl. Thirty six, 23 and 3 per cent of adolescent girls of 16 years were mildly, moderately and severely anemic respectively. The same trend was noticed in 17 and 18 years adolescent girls. It was heartwarming to know that only megre per cent of the selected girls were severely anemic.
E. Effect of supplementation on nutritional status of the selected subjects

· The girls were identified for supplementation study based on the anthropometric measurement (below the NCHS standard values) and haemoglobin level (below the Normal value).

· The mean height of the selected subjects aged 16, 17 and 18 years was 158.8, 160.6 and 160.2 cm respectively before supplementation. After supplementation, it is evident to note that there was a statistically significant improvement at five per cent level and it was  observed in the experimental group and there was no increment in the height of the selected subjects in the control group. It was revealed that the height of the selected subjects in the age group of 16, 17 and 18 were below the NCHS standard value.

· The mean weight of the selected subjects aged 16, 17 and 18 years was 55.49, 55.19 and 54.30 kg 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 group and there was no increment in the weight of the selected subjects in the control group. The data revealed that the weight of the selected subjects in the age group of 16, 17 and 18 were below the NCHS standard value.

· Sixteen varieties of healthmix were formulated with  various proportions of cereals, pulses with the combination of dry amla powder. Among the different varieties, the best one was selected for supplementation, based on the quantity of the individual intake, plate waste, facial expression of the girls and acceptability scores were given for the selection of supplement.

.

· The mean food intake of the selected subjects was inadequate in both experimental and control group. The inadequacy was the most prominent for pulses, vegetables, fruits, green leafy vegetables, fats and oils, milk and milk products when compared to ICMR-RDA. The same trend was noted in ICMR- RDA allowance of nutrients.

· The deficiency signs and symptoms such as lack of interest/poor concentration were present in 30 per cent of adolescent girls, followed by fatigue or weakness, headache, paleness of the eye, dry and rough skin. Dental caries and swollen bleeding gum were present comparatively in lesser number of girls in the study groups.

· Significant improvement at one per cent level was noticed in haemoglobin level of the experimental group of 16, 17 and 18 years whereas in control group it was insignificant. The increment in mean haemoglobin level in experimental group of 18 years was high (2.21 g/dl) when compared to experimental group of 16 and 17 years and it might be due to the iron in addition of vitamin C as an enhancer. This indicates that supplementation of iron with vitamin C is an effective approach to prevent anemia among the selected population.

· After supplementation, significant improvement in RBC count of the experimental group of 16, 17 and 18 years was noticed at one per cent level. The mean difference of RBC count for the experimental group of 16 years was increased whereas in control group, there was no significant improvement in RBC count.   

· In serum iron level, supplementation brought five per cent significant improvement in experimental group of 16 years whereas in control group, it was found to be insignificant. Maximum increase in serum iron was noticed in experimental group of 17 and 18 years.

· Statistical analysis of initial and final TIBC values of the experimental and control group of 16, 17 and 18 years was found to be insignificant. Serum ferritin has no significant improvement in both experimental and control groups.  The statistical analysis of the data revealed that there was no significant improvement in the selected target groups. In mean corpuscular volume level, supplementation brought one per cent significant improvement in experimental group of 16 years whereas in control group, it was found to be insignificant. Maximum increase in serum iron was noticed in experimental group of 17 and 18 years.

Hence, it is essential to include foods contribute macro and micro nutrients constantly in their daily diet for healthy life. The maintenance of the nutritional status of the body helps to meet the need for Growth and Development of the Youth and also for the preparation of Future Motherhood.

Recommendations

        The following recommendation are emerged from this present study

1. More research works are suggested to improve the nutrition and health status of the young children and the youth through supplementation, since they are the Nation’s Future and Pillars to Support and Uplift the Economic status of the Country.

2. Create awareness among the public to include inexpensive, under-exploited foods of high nutritive value and are available right at the door steps of us. These ways nutritional quality of our diet is improved and maintain the health status of an individual.
3. A sound and sustained program of nutrition education may be helpful in modifying the Future of Young Generations.         
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APPENDIX - I
An interview schedule to elicit information on 
THE SOCIO-economic and dietary pattern of  

adolescent girls (16-18 years)
I.  BACKGROUND INFORMATION

1. Name of the interviewer 
:
2. Name of the interviewee
:

3. Name and  address of the head of the family :

4. Age of the interviewee
:

5. Composition of the family 
:

6. Type of  family 

:
Nuclear  (

Joint   (
7. Total income/month

:
Rs.

8. Family background information 

	S. No
	Name of the family members
	Relation to the head
	Age
	Education
	Occupation
	Income / month (Rs.)

	
	
	
	
	
	
	


9. Monthly expenditure pattern of the family 

	S.No
	Items
	Amount spent
	Percentage

	1. 
	Food
	
	

	2. 
	Clothing
	
	

	3. 
	Shetter
	
	

	4. 
	Education
	
	

	5. 
	Transportation
	
	

	6. 
	Medicine
	
	

	7. 
	Savings
	
	

	8. 
	Recreation
	
	

	9. 
	Sundries
	
	


II. DIETARY PATTERN

10. Are you a pure vegetarian/lacto vegetarian/ova vegetarian/non vegetarian

11. Details of food expenditure / month 


	S.No
	Food groups
	Quantity purchase / month
	Total amount (Rs.)
	Percentage of food expenditure

	1. 
	Cereals 
	
	
	

	2. 
	Pulses 
	
	
	

	3. 
	Roots and tubers 
	
	
	

	4. 
	Green leafy veg 
	
	
	

	5. 
	Other vegetable 
	
	
	

	6. 
	Fruits
	
	
	

	7. 
	Nuts and oils 
	
	
	

	8. 
	Milk and milk products 
	
	
	

	9. 
	Sugar and jaggery 
	
	
	


12. Skipping of meals breakfast/lunch/dinner  
Yes  (
 No  (
If yes, give the reasons
13. What is the frequency of food consumption?

a) >3 meals/day (

b) 3 meals/day (
c) <3 meals/day (
14. Do you follow the frequency of intake strictly

a) Yes  (


b) No  (
If yes, mention the reason 
If no, mention the reason

15. Do you skip any of your meals?

a) Yes
 (

b) No  (
If yes, indicate the reason why do you skip your meals? 
16. Do you avoid any food items?

a) Yes
  (

b) No  (
If yes, indicate the reason why do avoid food items in your routine diet. 

17. How frequent the following iron rich foods are consumed?
	Food items
	Amount (g)
	Daily
	Weekly thrice
	Fortnightly 
	Monthly 

	CEREALS

Rice flour 

Ragi 
	
	
	
	
	

	PULSES

Roasted Bengal gram 

Soyabean 
	
	
	
	
	

	LEAFY VEGETABLES 
Drumstick leaves 

Amaranthus 

Curry leaves 
Cabbage 

Manathakkali leaves 

Paruppu keerai 
	
	
	
	
	

	Other vegetables:

Lotus stem (dry)
Cluster beans 

Drumstick 

Sundaikai dry
	
	
	
	
	

	roots and tubers
Carrot 

Colacasia 

Yeast (dried)

Any other
	
	
	
	
	


    18. How often are the following Vitamin-C rich fruits purchased?

	Fruits
	Amount(Rs.)
	Daily
	Weekly
	Fortnightly
	Monthly

	Lemon 

Guava 

Gooseberry 
Orange 

Grapes

Sweet lime 
	
	
	
	
	


     19.What are the beverages you consume frequently?

a) Tea
(
b) Coffee  (
    c) Milk  (
      d) Other health drinks (
20.How often do you take these beverages daily?

a) Once   (

b) Twice   (

c) More than 2 times   (
21.Consumption pattern of fast foods

	S.No
	Items 
	Weekly 
	Fortnightly 
	Monthly 

	1
	Bakery items 
	
	
	

	2
	Carbonated beverages 
	
	
	

	3
	Hot and spicy foods 
	
	
	

	4
	Ready to eat foods 
	
	
	


III. Health status of the subject 

22.Details of the subjects 

a) Age at menarche 


b) Problem if any 

	S.No
	Problems
	Yes
	No
	Treatment 

	1
	Excessive bleeding 
	
	
	

	2
	Irregulations 
	
	
	

	3
	Physical discomfort 
	
	
	

	4
	Any others 
	
	
	


23.Mention special foods included and foods avoided during menarche and give reason if any

24.Have you undergone any of the following illness in the proceeding six months? 

	S.No
	Illness 
	Yes
	No
	Treatment 

	1
	Malaria 
	
	
	

	2
	Typhoid 
	
	
	

	3
	Diarrhea 
	
	
	

	4
	Dysentery 
	
	
	

	5
	Jaundice 
	
	
	

	6
	Cold 
	
	
	

	7
	Fever 
	
	
	


appendix – II

proforma for clinical and biochemical assessment

i. Anthropometric measurements 

Height (in cms)

:

Weight (in kgs)

:

BMI



:

ii. Clinical examination 

1. Iron deficiency symptoms

a) Fatigue / Weakness 

b) Lack of interest / poor concentration 

c) Heachache 

d) Paleness of the eye 

e) Koilonychia 

2. Vitamin – A deficiency symptoms 

a) Pale conjunctiva 

b) Dry and rough skin 

3. Other vitamin deficiency symptoms 

a) Angular stomatitics 

b) Cheilosis 

c) Swoolen bleeding gum

4. Other nutritional deficiency symptoms 

a) Dental caries 

b) Fluorosis 

iii. Biochemical estimation 
	S.No
	Parameters
	Level

	1. 
	Haemoglobin (g/dl)
	

	2. 
	Red blood cell count (m/m3)
	

	3. 
	Mean corpuscular volume (fl)
	

	4. 
	Serum iron (μg/dl)
	

	5. 
	Total iron binding capacity (μg/dl)
	

	6. 
	Serum ferritin (μg/dl)
	


                                                APPENDIX - III

PROFORMA FOR FOOD WEIGHMENT SURVEY 

	Name of the meal
	Menu
	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 (g)
	Raw

	
	
	
	
	
	


Appendix – iV

ESTIMATION OF HAEMOGLOBIN

(Cyanmethaemoglobin method)

Principle

The haemoglobin is treated with Drabkin solution which converts haemoglobin to methaemoglobin and cyanmethaemoglobin which is proportional to the haemoglobin concentration.

Reagents

Drabkin solution; hb standard.

Drabkin solution preparation:

Potassium cyanide          
50 mgs

Potassium ferricyanide   
200 mgs

Distilled water                
1000 ml

Store the reagent in brown bottles. The reagent is highly poisonous, and so not pipetted by mouth.

Procedure

1. Pipette 5.0 ml of Drabkin solution  into a test tube.

2. Add 0.02 ml of blood to the solution mix well after rinsing the pipette and keep at room temperature for 5 minutes.

3. Measure the absorbance of test and standard which is provided with the kit against blank at 540 nm or yellow green filter.

Calculation 

           Haemoglobin in gm/dl =  Absorbance of T    x   251   x 65

                                                     Absorbance of S       1000        

                         ESTIMATION OF RED BLOOD CELL COUNT

                                         (Neubauer ruling method)

Principle

This method involves an accurate dilution of a measured quantity of blood with a fluid which is isotonic with the blood and which will prevent coagulation. A dilution of 1 to 200 is usually necessary. The diluted blood is placed in a counting chamber and enumerated under a microscope.

Reagents

Hayems solution (diluting fluid)

Mercuric chloride   - 0.5 g            Sodium sulphate    - 0.5 g

Sodium choride      - 1.0 g             Distilled water       - 200 ml

Procedure

The blood was drawn up to 0.5 mark in the RBC pipette and along with the diluting fluid was drawn upto 101 mark. The pipette was shaken thoroughly and charged the diluted blood into the counting chamber after discarding one or two drops. The solution was allowed to settle for a minute and then the cells were counted under high power microscope.

The total number of cells found in 5 groups of 1 square is multiplied by 10,000 in order to express the number of cells in million per cubic mm of blood.

               ESTIMATION OF SERUM IRON AND TIBC

                                             (Ferrozine method)

Principle for Serum Iron 

Serum protein are precipitated with a reagent containing hydrochloric acid (to Dissociate Iron), thioglycolic acid (to reduce Iron to ferrous state) and trichloronacetic acid (to precipitate proteins). The Iron in ferrous state reacts with chromogen, to give pink coloured complex, which is measured calorimetrically.

Principle for TIBC  

For TIBC determination, serum is treated with iron standard and excess of iron is removed by absorption on Magnesium Carbonate. The iron content of this serum is a measure of Total Iron Binding Capacity.

Sample requirement - 4ml

Reagents - (supplied in the kit).

Reagents 1: Protein precipitation.

Reagents 2: Chromogen.

Reagents 3: Magnesium Carbonate (Light).

Reagents 4: Stock Iron Standard 10mg%.

Preparation of working standard solution

                   Working Iron standard: Dilute reagent 4 (stock iron standard 10 mg%), one to fifty ml with distilled water. Prepare it fresh before use.

                   For 6ml of working standard: 6000µl distilled water +120µl standard concentration.

Procedure

Step A: Saturation of sample with iron (only for TIBC)

Working iron          4.0ml

Standard serum       2.0ml

Mix well and allow to stand at Room Temperature for 10 minutes (for equilibrium).

Reagent 3, Magnesium Carbonate (light) (200 mg approximately).

Mix well and allow to stand at Room Temperature for 30 minutes with intermittent vigorous shakings at every 5 minutes interval. Centrifuge and separate the supernatant.

Step B: Deproteinisation of test sample (for the estimation of both iron and TIBC).

	Reagent
	Experimental Blank (EB)
	Standard (S)
	Test (T1)
	Test (T2)

	Serum
	-
	-
	2.0ml
	-

	Working iron standard
	-
	2.0ml
	-
	-

	Supernatant (from step A)
	-
	-
	-
	3.0ml

	Distilled water
	2.0ml
	-
	-
	-

	Reagent 1: Protein Precipitate
	2.0ml
	2.0ml
	2.0ml
	2.0ml


Mix well, allow to stand at room temperature for 10 minutes and centrifuge (T1) and (T2).

Step C: Colour development (for the estimation of both Iron and TIBC).

	Reagent
	Blank (B)
	Experimental Blank (EB)
	Standard (S)
	Test (T1)
	Test (T2)

	Supernatent (from step B)
	-
	2.0ml
	2.0ml
	2.0ml
	3.0ml

	Distilled water
	3.0ml
	1.0ml
	1.0ml
	10ml
	-

	Reagent 2
	2.0ml
	2.0ml
	2.0ml
	2.0ml
	2.0ml


Mix well and incubate at 37 degrees Celsius for 30 minutes. Measure the Optical Density of Experimental Blank, Standard (S), Test (T1) and Test (T2) on a colorimeter with a yellow filter against Blank (B).

Calculations

Serum Iron in µg/100ml   =   O.D. test (T1) – O.D. Experimental Blank   x 200
                                               O.D. Standard – O.D. Experimental Blank

Serum TIBC in µg/100ml =   O.D. test (T2) – O.D. Experimental Blank   x 400
                                               O.D. test Standard – O.D. Experimental Blank 

Transferrin Saturation       =    Serum iron  x 100
                                                       TIBC

                              ESTIMATION OF SERUM FERRITIN

                                  (Quorum Eia Ferritin Method)

Principle

Human Ferritin present in the sample combine with the antibody and the enzyme conjugate, resulting in the ferritin molecules being sandwiched between the solid phase and the enzyme linked antibodies. After one hour incubation at room temperature and on addition of the substrate solution (TMB), colour developed indicates the presence of ferritin. The reaction is stopped by the addition of hydrochloric acid and the absorbance is measured at 450 nm. The concentration of ferritin is directly proportional to the colour intensity of the test sample.

Reagents required

a) Reference standard set – 1

b) (which contains,0,10,150,400 and 800ng/ml ferritin, lyophilized NIBSC – WHO 80/602, human liver standard).

c) ANTI-FERRITIN hrp conjugate working strength – 13 ml.

a. Substrate solution (TMB) = 2 X 13 ml.

b. Stock solution – 10 ml.

Procedure

1. Dispense 20µl of samples or standards and 100µl of enzyme conjugate into each well and mix thoroughly for 30 seconds

2.  Incubated for 60 minutes at room temperature (20º c – 25º c).

3.  Discard the well contents and wash five times with distilled water.

4.  Add 200µl of substrate solution to each well and mix gently for five seconds.

5.  Incubate in the dark for 20 seconds at room temperature (20º c – 25º c).

6.  Add 50µl of stock solution to each well and gently shake for 30 minutes.

7.  Read the optical densities with EIA Reader at 450nm.

BMI =
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