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INTRODUCTION
“A baby is something you carry inside you for nine months, in your arms for three years  and in your heart till the day you die”

Mary Mason

Pregnancy is a sequence of events that begins with fertilization, proceeds to implantation, embryonic development, and foetal  development and normally ends with birth about 38 weeks  later  or 40 weeks after the last menstrual period (Tortora and Derrickson  2009).

Pregnancy is a time of tremendous physiological changes and these changes demand healthful dietary and life style choices. Pregnancy is an anabolic process, whereby out of food, vitamins, minerals and hormones a 3.2 kg infant is born within nine months (Milman et al., 2006). A plentiful nourishing diet is important throughout pregnancy to provide the nutrients needed to support foetal development without depriving the mother’s nutrients.


Two indicators of maternal nutritional status correlate with infant birth weight: maternal size (height and weight) and the amount of weight gain during pregnancy (Mahan and Escott 2008). The optimum weight of a mother during  pregnancy is about 10- 12 kg.     A low weight gain during pregnancy is associated with higher risk of preterm delivery (Varma et al., 2008).

           The determinants of health and nutrition of the next generation are today’s young girls or adolescents who are just in the threshold of marriage and motherhood (Zanvar and Devi 2007). Adolescent female represents a group at risk for nutrient deficiencies both in developing and industrialized countries (Chacko and Begum 2000). Adolescents account for almost one third of  India’s population. About 30 percent of   India’s population is in the adolescent age group of  10-19 years. It is estimated that there are almost 331 million adolescents  in India.                

          Adolescent pregnancy is pregnancy occurring in women aged 19 years or still younger (Kohler et al., 2008).  Adolescents who become pregnant are subjected to greater nutritional risk than adult women. Adolescent mothers bear a double burden; one involving their own growth and development, and another involving the intra uterine growth and development of their offspring (Ventura et al., 2000 and Kohler et al., 2008). Hence adolescent mothers are more likely to have preterm birth weight babies and other complications related to nutritional deficiencies than are mature women.


Worldwide, rates of teenage pregnancy ranges from 143 per 1000 in Sub- Saharan African  countries to 2.9 per 1000 in South Korea (Mayor 2004). In the Indian sub continent, early marriage and pregnancy is more common in traditional rural communities compared to the rate in cities (Mehta et al., 2006). 

       
Complications of pregnancy and child birth are the leading cause of mortality among women between the ages of 15 and 19 in many areas (Briggs et al., 2007) and it result in the death of an estimated 70,000 teen girls in developing countries each year (Mayor 2004). The World Health Organization estimates that the risk of death following pregnancy is twice as great for women between 15 and 19 years than for those between the ages of 20 and 24 (Locoh and Therese 2007).  Infants born to teens are two to six times more likely to have low birth weight than those born to mothers aged 20 or older.(US Teenage pregnancy statistics 2004 and Hofferth and Reid2002).

  
Pregnant teens are subject to nutritional deficiencies from poor eating habits common in adolescence, including attempts to lose weight through dieting, skipping meals, food faddism, snacking and consumption of fast food (Thompson et al.,2010). Pregnant adolescents have special nutritional needs during pregnancy. The foci of nutrition during adolescence and adolescent pregnancy are targeted micro and macro nutrient intake, appropriate weight gain, elimination of harmful social factors and addressing psychological, biological and system barriers to optimum nutrition (Blackwell et al., 2008).


It is essential to improve micronutrients especially iron status in the adolescent period before child bearing, especially in developing countries such as India (Kurz and Galloway 2006). Anaemia is the most common micronutrient deficiency disorder in the world. WHO has estimated that prevalence of anaemia in pregnant women is 14 percent in developed and 51 percent in developing countries and 65-75percent in India (WHO 2004).


In India iron deficiency anaemia is followed by folate deficiency. The prevalence of anaemia is high because of low dietary intake of iron (less than 20 mg/day), poor  bioavailabilty of  iron (three to four percentage only) in phytate and fibre rich Indian diet, chronic blood loss due to infection  such as malaria and hook worm infestations, multiple pregnancies with poor spacing (Yajnik et al., 2008 and Sharma and Mittal 2005). The overall prevalence of iron deficiency anaemia among 12- 14 years adolescent girls is 69 percent and for older adolescent girls (15-17 years) it is around 70 percent (NNMB2003). Anaemia begins in child hood, worsens during adolescence in girls and gets aggravated during pregnancy                  (Kapur et al., 2002).


Deficient iron status or anaemia among adolescent girls is a major cause of growth retardation (Gawarikar et al., 2002 and Thane 2003), impaired physical and mental development (Gordon and Dev 2003), delayed menarche (Chakraborty 2000), morbidity (Choudhary et al., 2006) and future reproductive outcomes such as low birth  weight infants (Scaulon etal., 2005, Allen 2005 and Varma et al., 2007).Adequate iron status is particularly important during pregnancy and during the child’s first two years of life to ensure the optimal development of the brain and nervous system .

          The form of iron in foods greatly influences its absorption. In the habitual cereal and pulse based diets consumed by Indian women, there is an almost linear correlation between calorie and iron intake (Kapur et al., 2002). Dietary diversification and the modification of diets to increase the iron content or improve iron bioavailability is the feasible and sustainable strategy at house hold level to alleviate anaemia (Kowsalya and Shrimpray 2007). Hence the present study was carried out in Malappuram District of Kerala, where majority of the population are Muslims and early marriage is a common practice among them (Census India 2001). Pooram powder is a traditional Kerala recipe consumed by pregnant women before and after delivery. In this study the investigator prepared the pooram powder into a value added product to make it as an iron concentrate. The ingredients used for the iron concentrate are rice flour which is rich in protein, carbohydrate and riboflavin and wheat flour which is rich in fibre, carbohydrate and iron and ragi flour rich in fibre, protein, calcium and iron. Sesame seeds rich in iron, magnesium, copper, calcium, vitamin B1 and vitamin E were also used. Rice flakes were used as it is rich in fibre,carbohydrate,protein,iron and Bcomplex vitamins (Raghunandana 2009 and International Rice Research Institute 2008). Jaggery was used instead of sugar as it is rich in iron. Chekkurmanis leaves powder was also used for  it is rich in iron, fibre, vitamin C, vitamin A and other nutrients (Ishraga et al., 2008).

          Staple Indian diet consist of cereals and cereals containing phytic acid. Phytate reduces iron absorption. Addition of vitamin C in medicine or in the diet enhances iron absorption (Basu 2008). Therefore pooram powder was supplemented with vitamin C.

           By keeping all these points in mind the present study was conducted with the following objectives :
1. To elicit the background information of the adolescent pregnant women.

2. To study the dietary pattern of adolescent pregnant women.

3. To assess the nutritional status of the adolescent pregnant women by doing anthropometric, clinical and biochemical assessment.

4. To study the impact of supplementation of iron concentrate developed to the adolescent pregnant women.
REVIEW OF LITERATURE

The literature pertaining to the study titled “Impact of Supplementation of an Iron concentrate to adolescent pregnant women in Malappuram District of Kerala” is reviewed under the following headings :

      A. Adolescent pregnancy

B. Prevalence of adolescent pregnancy

C. Causes of adolescent pregnancy 

D. Complications of adolescent pregnancy

E. Anaemia during pregnancy 

(i)   Prevalence of anaemia during pregnancy

(ii)   Consequences of anaemia during pregnancy 

(iii)  Prevention of anaemia 

F. Nutritional importance of ingredients used for supplementation. 

B.  Prevalence of adolescent pregnancy 

The highest rate of teenage pregnancy in the world is in Sub-Saharan Africa, where women tend to marry at an early age (Treffers  2003) and there the rates of teenage pregnancy ranges from 143 per 1000 pregnancies (UNICEF 2006). 

Teenage pregnancy in developed countries is usually outside of marriage, and carries a social stigma in many communities and cultures. (The National Campaign to Prevent Teen Pregnancy  2006) and in the developing countries, teenage pregnancy is usually within marriage and doesn’t involve a social stigma (UNICEF 2001). 

According to Locoh and Therese (2007) in Nigeria out of 87 percentage of women surveyed who were married, 53 percent had given birth to a child before the age of 18 years. The teenage birth rate and abortion rate in the United States is the highest in the developed world. 

The teen pregnancy rates in the United States are high, exceeding those in most developed countries. About three in 100 teenage girls become pregnant at least once before age 20 (National Campaign to prevent teen pregnancy 2009). Morethan 10 percent of all U.S. birth in 2006 were to mothers under age of 20 years. About 67 percent teenage births are to girls aged 18 and 19 (Martin et al., 2009) and the teenage birth rates increased in 2006 and 2007. Between 2005 and 2007, the rate increased 5 percent (from 41 to 42.5 per 1000 women) (Hamilton et al., 2009). In 2007, about four in 100 teenage girls had a baby (Ventura et al., 2009). 

Teen mothers give birth prematurely (before 37 completed weeks of pregnancy) than mothers over age 20. Between 2003 and 2005, pre term birth rates averaged 14.5 percent for women under aged  20 compared to 11.9 percent for women aged 20 to 29 (National Centre for Health Statistics, Final Natality Data 2009). 

C. Causes and prevention of teenage pregnancy 

In some societies, early marriage, tradition and gender are important factors for teenage pregnancy (Locoh and Therese 2007). In South Asia the early marriage of adolescents is common and 25-30% of adolescent girls in Pakistan, Bangladesh, India and Nepal begin child bearing as early as 17 years (Menacker et al., 2002). 

In 1997, birth rates for adolescents (15-19 years) were 36 for Non-Hispanic white people, 88.2 for black people, 71.8 for native Americans and 97.4 for Hispanics (Ventura and Freedman 2000). 
Adolescent birth showed a clear, significant and approximately linear association with social deprivation of ward of residence. Individual deprivation leads to intergenerational transmission of social and economic disadvantage through early child bearing (Elizabeth and Raj 2008)
In the age between 13-19 years the pregnancy rate increased with deprivation, with a fourfold to five fold difference in the rate between the woman living in deprivation category in most affluent and those in deprivation category of most deprived (Ventura et al., 2008). 
In Queen’s land of Australia birth rates to adolescents who live in disadvantaged area are two to four times higher than the rates for all of other Queen’s land and 10-20 times higher than the rates in affluent areas (Coory 2000). Adolescent child bearing was more likely among women with low levels of income and education than among their better-off peers (Singh et al., 2001). 

In developing countries age at marriage is an important factor determining the age at which the first pregnancy occurs. This is because marriages generally occurs earlier in developing countries than in developed countries. Most reproduction in India occurs within marriage. Hence the low age at marriage automatically links to early onset of sexual activity and thereby fertility (Gupta 2003).

Adolescents lack knowledge of, or access to, conventional methods of preventing pregnancy, as they may be too embarrassed or frightened to seek such information (Slater and Jon 2006). 
`In the United States, according to the 2002 National surveys of family growth, sexually active adolescent women wishing to avoid pregnancy were less likely than those of other ages to use contraceptives (Trussell and Wynn 2008). More than 80% of teen pregnancies are unintended and over half of unintended pregnancies were to women not using contraceptives (Speidel et al, 2008). 

A conservative estimate of the total number of abortions among adolescents in developing countries ranges from 2.2 – 4 million annually. At least 25-30% of maternal mortality in Uganda is caused by unsafe abortion and over 50% of these cases are among adolescents and young people (Klusmann 2005). 

In India, abortion was legalized in 1972 but the number of illegal providers of abortion services is very high and among unmarried adolescents the number of abortions in unhygienic conditions by unlicensed practitioners is estimated to be considerable (Koltezko-2007)
According to Goyaux et al (2001) out of 969 women admitted to hospital ,22 died for complications of induced abortion in three west African countries. Growing up in a poor neighbourhood has negative efforts on children and adolescents. Low birth weight, childhood injury and abuse and teenage pregnancy are criminality doubled in poor areas (Ngyuen et al.,2007).

D. Complications of teenage pregnancy                    
Adolescent pregnancy represents a triple development crisis to young women, that of adolescence, pregnancy, and establishing a relationship with a member of the opposite sex. Physiologically the adjustments of pregnancy are superimposed on those of pubescence. Psychologically and intellectually the pregnant adolescent is still developing and it is difficult for her to meet the psychological demands of pregnancy (Allew 2005). 
Adolescent pregnancy is associated with higher rates of illness and death for both the mother and infant. Pregnant teens are at much higher risk of having serious complications such as placenta privia, pregnancy induced hypertension, premature delivery, significant anaemia and toxemia and high blood pressure. (Klein et al., 2005). 
Infants born  to teens are 2-6 times more likely to have low birth weight than those born to mothers aged 20 or above. Prematurity plays the greatest role in low birth weight, but intrauterine growth retardation (inadequate growth of the foetus during pregnancy) is also a factor (Martin et al., 2009). 

Teen mothers are more likely to have unhealthy habits that place the infant at greater risk for inadequate growth, infection or chemical dependence. The younger mother i.e., below age 20, the greater the risk of her infant dying during the first year of life (Eifenbein et al., 2007). 

Complications of pregnancy and childbirth are the leading cause of mortality among women between the age of 15 and 19 (Mayor 2004). Early marriage and adolescent pregnancy aggravate anaemia and result in poor iron stores in the offspring (Kalaivani  2009). Nutritional anaemia dysregulates endocrine control of foetal growth (Mahajan et al., 2008). 

Teenage mothers are more likely to have a low birth weight baby and they are born prematurely. In 2006, 10 percent  of mothers aged 15 to 19 had a low-birth weight baby, compared to 8.3 percent for mothers of all ages (Chhabra et al., 2004). Babies of teenage mothers are likely to die in the first year of life than babies of women in their twenties and thirties (Mathews and Dorman 2005, Reid and Backing2003). 

Babies who are premature and low birth weight may have organs that are not fully developed. This can lead to breathing problems, such as respiratory distress syndrome, bleeding in the brain, vision loss and serious intestinal problems (Allew 2000).
Eating unhealthy foods, smoking, drinking alcohol and taking drugs increase the risk of a baby that will be born with health problems, such as low birth weight (less than 5½ pounds).  (www.marchofdimes.com).
Teens are more likely than women over age 25 to smoke during pregnancy. In 2004, 17 percent of pregnant teens aged 15 to 19 smoked, compared to 10 percent of pregnant women aged 25 to 34 years. Women who smoke during pregnancy also have an increased risk for pregnancy complications, including placental problems (Centre for Disease Control and Prevention 2007). Studies to define the effect of maternal anaemia as the foetus indicate that different types of decompensation occur with varying degrees of anaemia (Kapil et al., 2002). 
E. Anaemia during Pregnancy 
The National Institute for Health and clinical excellence (NICE) advises that women should be screenned for anaemia at early time of pregnancy and at 28 weeks gestation.The NICE clinical guidelines (2008) define anaemia as, at early time of pregnancy haemoglobin level < 11.0 g/dl, then after haemodilution will result in further drop during pregnancy and subsequent reduction in oxygen carrying capacity. At 28 weeks the diagnostic level for anaemia is a haemoglobin level of < 10.5 g/dl. 

According to Blackwell (2008) the normal physiological change, an increase in plasma volume causes haemodilution in pregnant women. Though the redcell mass increases, plasma volume increases disproportionately, resulting in a lowering of the haemoglobin to approximately 11.5 g/dl. According to Thane et al., (2005) anaemia is a common problem in pregnancy, and occur in about one third of women in the third trimester.

Anaemia is a widespread problem especially in the tropics. Among adolescent girls, it has negative consequences on growth, school performance, morbidity and reproductive performance (Ishraga et al., 2009). Basu (2009) reported WHO has accepted upto 11g percent as the normal haemoglobin level in pregnancy. Haemoglobin concentrations < 50 g/l significantly increase the risk of maternal and foetal mortality because of the effect of hypoxia and anaemia as the cardiovascular system, which is known as high output heart failure. Medical evidence shows that very severe anaemia is a direct cause of maternal and child mortality. 


In most developing and in many developed countries iron deficiency is the main cause of anaemia in women and that iron supplementation prevents or corrects the anaemia (Yip 2006). 

Substantial reduction in red blood cells and haemoglobin reflects reduced capacity of oxygen transport and has an adverse health extreme, thus iron deficiency has a definite effect on health because of anaemia (Rao et al., 2007 and Kurniawan 2006). 

(a) Prevalence of anaemia in pregnancy 

Anaemia is a major nutritional global problem of immense public health significance, affecting persons of all ages, sex and economic group. It is regarded as the commonest chronic malady of mankind affecting approximately 30 percent i.e., 1500 million people all over the world (Agarwal  2009).


Anaemia affects one quarter of the world’s population, as  a public health problem in both industrialized and non-industrialized countries (Mclean et al., 2008) and globally Iron Deficiency Anaemia (IDA) affects four to five billion people (WHO 2004). In 2002 WHO estimated that anaemia resulting from iron deficiency was one of the most important factors contributing to the global burden of diseases that increased  morbidity and mortality in pre-school aged children and pregnant women (WHO 2002). 

The estimated global anaemia prevalence is 47.4 percent in preschool aged children and 41.8 percent in pregnant women and 30.2 percent in non-pregnant women (Mehta et al.,2006). 

Iron deficiency was responsible for anaemia in approximately 15 percent of the world’s population and its overall prevalence was around 50 percent in developing and 10 percent in developed countries. This situation has not improved and recent estimates put the world wide prevalence of anaemia for the period 1993 – 2005 at 24.8 percent and, in each age and gender group studied, the highest prevalence rates occurred in Africa. Anaemia is particularly common in infants and preschool age children, with a global prevalence of 47 percent but this reaches almost 65 percent in Africa (Thurnham  2009).

Anaemia in pregnancy  is one of the important public health problems not only in India but also in most of the South East Asian Countries. About 4-16 percent of maternal death is due to anaemia. According to WHO, the prevalence of anaemia in pregnancy in South East Asia is around 56 percent (Basu 2008). women with anaemia have a mortality rate 3.5 times higher than the normal and still birth rate six times higher than normal (Reveizo et al., 2007). 

India is a large, multiethnic country, where the prevalence and determinants of anaemia vary across regions and ethnic groups. (DLHS and RCH Report  2006). In India incidence of anaemia in pregnancy has been noted as high as 40 – 80 percent (Basu 2009). Anaemia is still one of India’s major public health problems, despite morethan 37 yrs of iron and folic acid supplementation by the Govrnment of India through the National Nutritional Anaemia Prophylaxis Programme (NNAP) launched in 1970 (Toteja  2006). 

Even among higher income educated segments of population about 50 percent of children, adolescent girls and pregnant women are anaemic (Kurniawan et al., 2006). Increased requirement of iron during growth and pregnancy and chronic blood loss contribute to higher prevalence in specific groups. (Kaur et al., 2007). 

In India anaemia is directly or indirectly responsible for 40 percent of maternal deaths (Rawat et al., 2006). There is eight  to 10 fold increase in MMR when the haemoglobin  falls below five g/dl. (Kalaivani 2009). 

According to Agarwal (2009), in India, anaemia is the most common nutritional problem affecting more than half of the total population, particularly in children and pregnant women where the incidence is 50 to 97 percent. The prevalence in the north eastern state was relatively low.The highest prevalence of anaemia (99.9 percent) was observed in Jharkhand in eastern India. The highest prevalence rates were observed among older girls (15 to 19 years), and married adolescent girls. The highest percentage of girls with normal haemoglobin were reported among Christian scheduled tribes (39.4%) and among girls in north eastern India (40.1%) (Sharma et al.,2005). 
Low prevalence of severe anaemia in Orissa as compared to Assam was due to availability and consumption of iron folate tablets. The literacy and nutritional status of women in Tamil Nadu was lower than Kerala (Agarwal et al., 2006). 
(b) Consequences of anaemia during Pregnancy 

Anaemia in pregnancy directly causes 20 percent of maternal deaths and indirectly accounts for another 20 percent of maternal deaths (www.censusindia.net 2008).Maternal anaemia is associated with poor intrauterine growth and increased risk of pre-term births and low birth weight rates (Briggs et al., 2007). According to Basu (2008) maternal anaemia increases the maternal morbidity, foetal and neonatal mortality and morbidity significantly. The risks of preterm delivery and low birth weight are increased in proportion for the severity of maternal anaemia (Kidanto et al., 2009). 

Hay et al., (2007) opines that evidence of altered central nervous system development in infants with iron deficiency anaemia at six  months and  delayed maturation of auditory brain stem responses have been observed. 

Iron deficiency anaemia depresses the level of iron containing enzymes and the result is a decreased work capacity because the oxygen carrying blood cells will not be as big as the blood cell get smaller – because the oxygen proportion is not so big. Therefore, the body will not be able to get when oxygen need comes. (The Science and Human Nutrition FSHN 185 PROGRAM20). 
(c) Prevention of Anaemia 

Iron is the only recommended nutrient for which requirements cannot be reasonably met by diet alone during pregnancy. Thirty milligrams of ferrous iron is recommended, and iron should be taken on an empty stomach. When more than 30 mg of iron is given to treat anaemia, it is suggested to also take approximately15 mg of zinc and two mg of copper, since iron interferes with absorption and ultilization of these minerals (Lingen  2006). 

Supplementation of 30 mg of iron per day improves maternal iron status and pregnancy outcomes when the mother has low iron stores (Scholl 2005). 
F. Nutritional Importance of various ingredients used for supplementation 

Iron rich nutrients were used for developing an iron concentrate . These include Rice flour, whole wheat flour, ragiflour, rice flakes, sesame seeds, jaggery and coconut. 

Rice is rich in protein, fat, carbohydrate, carotene, thiamine, riboflavin, niacin, minerals like iron (Williams et al., 2004). Whole wheat flour is the flour that results from grinding the entire wheat berry and subtracting nothing. It is rich in fibre, protein, calcium, iron, magnesium etc (Thane et al., 2005). Ragiflour is rich in fibre, iron, calcium and B complex vitamins (Mellen et al.,2007) and brown coloured rice flakes are good source of iron, B complex vitamins, rich in fibre and low in total and saturated fat and high in carbohydrates (Priebe et al., 2008). Sesame seeds are exceptionally rich in iron, magnesium, manganese, copper, and calcium. They contain vitamin B1, vitamin E, lignans and having antioxidant and anti-cancer properties. The nutrients of sesame seeds are better absorbed if they are ground or pulverized before consumption (Cheung et al., 2007). Coconut contains sugar, fiber, proteins, antioxidants, vitamins                  and minerals (Finn et al., 2009). Chekkurmanis leaves are an underexploited green leafy vegetable found mostly in Kerala and are rich in fibre, iron, B carotene, and other vitamins and minerals (Peter 2007). 

METHODOLOGY

The methodology involved in the conduct of the present study titled “Impact of Supplementation of an iron concentrate to adolescent pregnant women in Malappuram District of Kerala” is discussed under the following headings : 

A. Selection of area and sample. 

B. Eliciting the background information and assessing the nutritional status of the selected adolescent pregnant women before and after supplementation. 

C. Development of the iron concentrate. 

D. Supplementation of the iron concentrate to the adolescent anaemic pregnant women. 

E. Biochemical assessment of the experimental and control group before and after supplementation. 

F. Analysis of data. 
A. Selection of area and sample 


The area selected for the study was ‘Malappuram District’ of Kerala. In Malappuram District majority of population belongs to the Religion of Muslim Community (Census India 2001) and early marriage is a common practice among them. The adolescent girls in that area usually get married in the age group of 15-18 years. 


Out of the married adolescent women 60 pregnant women were selected by purposive sampling method. ‘Sampling’ is a process of selecting a subset of randomized number of members of the population of a study and collecting data about their attributes. (Panneerselvam  2008)


Purposive sampling starts with a purpose in mind and the investigator used his judgement in the choice and includes only those items of the universe in the sample which he considers are most typical of the convenience. (Saravanavel 2007). 
(B) Eliciting the background information and assessing the 
      nutritional status of the selected women for supplementation 

1. Formulation of interview schedule 

An interview schedule is the form containing some questions or blank tables which are to be filled by the research workers after getting information from the informants. (Saravanavel 2007).

An interview schedule was formulated for this study as given in Appendix I and had questions regarding socioeconomic status, food consumption pattern, details regarding women of the family, their mode of delivery, breast feeding practices, weaning practices and mortality pattern of children. Anthropometric assessment, clinical assessment, and biochemical assessment were also conducted. 

(i) Eliciting background information 


This was done by interviewing the subjects to gather information regarding their income level, educational and occupational status, size and type of the family, number of family members, food consumption pattern, food beliefs and taboos etc. Also details regarding the age of menarche, para of pregnancy, exercises and medications taken during pregnancy, details regarding complication in the previous delivery  and the medical supplements given were collected from the expectant women. 

(ii) Dietary Survey 


Dietary survey is one of the best methods to assess nutritional status. Diet is a vital determinant of health and nutritional status of people. Information on food consumption patterns of people through the application of appropriate methodology is often needed not only for assessing the nutritional status of people but also for elucidating the relationship of nutrient intakes with deficiency as well as degenerative diseases. (Bamji et al., 2009). 


For this study food weighment method was followed. The food was weighed by using an accurate balance. Grocer’s balance with standard weights and measures form the main equipment and a structured dietary survey schedule was the study instrument. (Bamji et al., 2009).


Three days weighment survey was done. Raw and cooked foods were weighed for breakfast, lunch, tea and dinner for three consecutive days. The nutrient intake of the subjects were computed from the food intake using nutritive value tables (Gopalan et al., 2007). The Proforma for the food weighment survey is given in Appendix II. 

(iii) Anthropometric Assessment 


Nutritional anthropometry is a measurement of human body at various ages and levels of nutritional status. It is based on the concept that an appropriate measurement should reflect any morphological variation occurring due to a significant functional physiological change. (Rao and Vijayaraghavan 2009). 

Height 


Height is the anthropometric longitudinal growth of the individual (Brink and Susan 2008) and is a valuable measurement when used in conjunction with other anthropometric and clinical measurements.


The height was measured using an anthropometer. After removing the shoes the subject was made to stand on the flat floor of the scale with heals together and toes apart. The head was held comfortably erect, with the lower border of the orbit in the same horizontal plane as the external auditory meatus. The arms were hanging at the sides in a natural manner. The moving head piece of the anthropometer was placed in the sagital region over the head applying a slight pressure to reduce the thickness of the hair. (Rao et al., 2009). The measurement was taken to an accuracy of 0.5 cm. The measurement of height is given in Plate I.

Weight 


Weight indicates the body mass and was measured using a portable weighing scale. The weighing scale had 0.5 kg sensitivity and was checked for accuracy and adjusted to zero before weighing. The individual was asked to remove foot wear, wear light clothing and to stand on the platform with one foot on eitherside of the scale without holding on to anything and they were asked to stand with head comfortably erect. Their weight was recorded to the nearest 0.1 kg accuracy.The measurement of weight is given in Plate II. 
         iv) Clinical Assessment 


Clinical examination is the process by which a doctor investigates the body of a patient for signs of disease. It generally follows by taking the medical history – an account of the symptoms as experimented by the patient. (Brink and Susan, 2008). The ultimate objective of clinical examination is to assess the levels of health of individuals or of population groups in relation to the food they consume. (Bamji etal., 2009)


The expectant adolescents were examined for clinical symptoms such as anaemia, poor musculature, subcutaneous fat, oedema in the body, other changes in the skin, mouth, eyes and for other deficiency symptoms. 

(C) Development and Standardization of iron concentrate (Value added Pooram powder) 


Pooram powder is one of the traditional Kerala recipe given to women during pregnancy and after delivery. It is prepared out of the ingredients like riceflour, sugar, cumin seeds, ghee, and coconut. 

Selection of Ingredients for developing Pooram powder 


The ingredients used for the preparation of the iron rich pooram powder were rice flour, ragiflour, wheat flour, rice flakes, sesame seeds, jaggery, coconut and chekkurmains leaves. 

Rice is a common cereal of South India, rich in protein, carbohydrate, and niacin and whole wheat flour a good source of dietary fibre and with good amount of selenium, iron, calcium, vitamin B and E was selected. Ragi flour, a millet rich in calcium, fibre and iron content and rice flakes rich in iron, fibre, and vitamin B complex was also selected. Sesame seeds an exceptionally rich source of iron, magnesium, manganese, copper, calcium, vitamin B1 and E. They contain lignans including unique content of sesamin which are phyto oestrogens with anti-oxidant and anti-cancer properties was added to the cereals (cheung et al., 2007). Jaggery  referred as ‘medicinal sugar’ rich in iron, helps to prevent anaemia, was added to enhance taste(lotus leve 19-2009). Chekkurmanis an under exploited green leafy vegetable mostly found in Kerala has high content of vitamin A, iron and fibre was also added (Ishraga et al., 2009). All these ingredients rich in macro and micronutrients were selected for the preparation of iron rich pooram powder. 

Standardization of iron rich pooram powder

Variations of the standard pooram powder was prepared with drumstick leaves powder, amaranthus powder and chekkurmanis powder, and the other ingredients added were sesame seeds, jaggery, ragi flour, wheat flour, and rice flakes. Then these recipes (variations) were standardized and evaluated in the laboratory. The acceptability of the three pooram powder were evaluated by a panel of twenty members using five point rating scale as given in Appendix V. Appearance, colour, taste, texture and flavour were the criteria used to evaluate the acceptability. With a maximum score of 25, the most acceptable variation with chekkurmanis was identified and selected for the study. Nutrient content of the most acceptable product and iron content of the chekkurmanis leaves were analysed in the laboratory. The procedure for the development of value added pooram powder is given in           Figure II and Plate III.

D Supplementation of the pooram powder to anaemic                                     adolescent pregnant women 

Out of the 60 women surveyed 40 were selected for the study after haemoglobin test and confirming anaemia as experimental group 20 and control group 20. Initially biochemical and clinical examination were done for both experimental and control group. The control group women had normal haemoglobin and serum total protein and generally healthy by clinical examination. So no supplementation was given. Where as experimental group women were having low haemoglobin level. So three months (90 days) supplementation with Pooram powder was done. 

Vitamin C increases iron absorption. Hence out of the experimental group (n=20), 10 were supplemented with one glass of lemon juice (2 lemons were used) with 100 g of pooram powder daily for 3 months. The lemon juice was prepared by adding 100ml of water along with the juice from a medium sized lemon (weight = 40g) having a vitamin C content of 15 mg. The samples were supplemented on all days with one glass of lemon juice and 50g of pooram powder two times, in morning and evening. Where as the remaining 10 subjects in the experimental group were supplemented only with 100g of Pooram powder daily without lemon juice. This was done to compare iron absorption in the two groups. Plate V shows the supplementation of value added pooram powder to an adolescent pregnant woman.

(E) Biochemical Assessment 


With increasing knowledge of the metabolic functions of vitamins and minerals, assessment of nutritional status by clinical signs has given way to more precise biochemical tests which may be applied to measure individual nutrition concentration in the fluids. 


Biochemcial parameters such as haemoglobin in blood and serum total protein were determined for 40 subjects out of the selected 60.The collection of blood from the sample for biochemical tests is given in Plate-IV 

1. Blood Haemoglobin


Haemoglobin level in blood was estimated by cyanmethaemoglobin method as given in Appendix III.

2. Serum Total Protein 


Serum Total protein level in blood was estimated by Biuret method as given in Appendix IV. 

Analysis of biochemical parameters after supplementation 

After supplementation of iron concentrate pooram powder for three months (90 days) to the adolescent pregnant women nutritional assessment was done. The biochemical parameters such as haemoglobin level in blood and serum total protein level were estimated for both control (n = 20) and experimental (n=20) groups. The comparison of haemoglobin level in the subjects supplemented with both Pooram powder + lemon juice (n = 10) and pooram powder alone (n=10) were also done. 

F. Analysis of Data 


The data collected by survey and supplementation were consolidated and tabulated. Then the tabulated data were analysed. The experimental design of the study is given in Figure III.

RESULTS AND DISCUSSION

The results of the present investigation titled “Impact of supplementation of an Iron concentrate to adolescent pregnant women in Malappuram District of Kerala” are discussed under the following headings. 

A. Background information of the adolescent pregnant women. 

B. Dietary habits of the adolescent pregnant women and their 
family.  
C. Anthropometric assessment of the adolescent pregnant women. 

D. Development of the iron concentrate by value addition of 
pooram powder.

E. Impact of supplementation of iron concentrate pooram powder on adolescent pregnant women. 

A. Background information of the adolescent pregnant women 


Table I presents the data regarding the family income per month of the selected subjects. 

TABLE I

INCOME OF THE FAMILY

	S.No.
	Income                       (in Rs)
	Total Number  (N = 60)
	Percentage (%)

	1.
	< 4500
	11
	18.3

	2.
	4500 - 7500
	15
	25

	3.
	> 7500
	34
	56.7


           Out of the selected adolescent pregnant women 18.3 percent belonged to low income with an income of less than 4500 rupees, 25 percent belonged to middle income with an income of 4500-7500 rupees and 56.7 percent belonged to high income with an income of more than 7500 rupees as per HUDCO 2004 classification. Figure IV shows the classification of family income of the adolescent pregnant women.


Twenty percent of the people were earning their income from business, 3.3 percent earning from land and building or plantations and 48.3 percent from job and remaining people were earning from other activities. 


While coming to the monthly expenditure pattern, an average of 30.8 percent of the total family income was spent on food, 8.1 percent for clothing, 5.1 percent of income on house rent, four percent of income was used for educational purposes. An average of 4.6 percentage of income was used for medicine and five percentage used   for fuel and light. None of the families spend money for pan, supari and alcoholic drinks. It may be because the majority of the families selected are muslims and these type of foods are prohibited for them in their religion. 

           Table II gives the educational level of adolescent pregnant women. 

TABLE II

EDUCATIONAL LEVEL OF THE ADOLESCENT 

PREGNANT WOMEN

	S.No.
	Educational Level
	Total Number (N=60)
	Percentage (%)

	1.
	Up to High School
	16
	26.6

	2.
	Upto Higher Secondary
	22
	36.7

	3.
	Up to Graduation
	22
	36.7


 Out of the selected 60 adolescent pregnant women 26.6 percent had education upto high school level, 36.7 percent were educated upto higher secondary level and 36.7 percent had education upto graduation. Most of the girls continued their studies even though they were married and pregnant also. None of the adolescents were working. Graphical representation of their educational level is given in Figure V.

About 93.3 percent of the selected adolescent pregnant women belonged to Islam religion and 86.7 percent of the families had a nuclear family set up. 

          Out of the selected samples 38.3 percent of the adolescent pregnant women were married at the age of 13-15 years, and 61.7 percent of the subjects were married at the age of 16-18 years. 

Table III gives the age of first pregnancy, para and trimester of present pregnancy of adolescent pregnant women.

TABLE III

AGE OF FIRST PREGNANCY, PARA AND TRIMESTER OF PRESENT PREGNANCY 
	S.No
	Age of First Pregnancy
	Para of Pregnancy
	Trimester of pregnancy

	
	Age    (in Years)
	Total Number (N=60)
	Percentage (%)
	Para of pregnancy
	Total Number (N=60)
	Percentage (%)
	Trimester


	Total Number (N=60)
	Percentage (%)

	1
	13-15
	8
	13.3
	1
	41
	68.3
	I Trimester
	3
	5

	2
	16-18
	52
	86.7
	2
	17
	28.4
	II Trimester
	46
	76.7

	3
	-
	-
	-
	3
	2
	3.3
	III Trimester
	11
	18.3


Out of the selected samples 86.7 percent were in the age between  16-18 years of age during their first pregnancy and only 13.3 percent belonged to  the  much younger age  group of  13-15 years during first pregnancy. Sixty eight point three percent belonged to their first pregnancy, 28.4 percent belonged to second and 3.3 percent belonged to their third pregnancy. Five percent of the adolescent pregnant women selected were in first trimester of pregnancy, 76.7 percent were in second trimester and 18.3 percent in third semester.

          Table IV presents the details regarding the duration of breast feeding  and age of weaning to the children in the previous delivery.

TABLE IV

DURATION OF BREAST FEEDING AND AGE OF             WEANING TO CHILDREN

	Duration of breast feeding
	Total Number (N = 14)
	Percentage (%)
	Age of Weaning
	Total Number (N = 14)
	Percentage (%)

	> 1 year
	-
	-
	< 4 months
	2
	14.3

	1 - 1½ years
	10
	71.4
	4-5 months
	8
	47.1

	1½ - 2 years
	4
	28.6
	6-7 months
	4
	28.6


Out of the 60 adolescent pregnant women surveyed 13 had  children in their previous delivery, and one woman had twins so a total of 14 children were surveyed  and remaining  adolescent women were in their first pregnancy. Out of the 14 children 71.4 percent of the children  were  breast fed till the age of one to one and half years, and 28.6 percent of children were  breast fed till the age of one and half to two years. It is also clear that 14.3 percent of the infants were  given weaning food as early as less than four months. For 57.1 percent of the infants weaning was started at the age of 4-5 months and for 28.6  percent of the infants weaning was started at the age of 6-7 month. 

Table V reveals the details about interpregnancy interval of adolescent pregnant women.
TABLE V

INTERPREGNANCY INTERVAL BETWEEN PRESENT 

AND PREVIOUS ONE
	S.No.
	Interpregnancy Interval
	Total Number       (N = 16)
	Percentage (%)

	1.
	1 year
	-
	-

	2.
	2 years
	12
	75

	3.
	3 years
	4
	25


         Out of the selected 60 adolescent pregnant women 73.3 percent were at their first pregnancy. Of the remaining adolescent pregnant women 20 percent and 6.7 percent had an inter-pregnancy interval of two and three years. 

Table VI reveals the  details regarding the exercise done by  the adolescent pregnant women 

TABLE VI

EXERCISE  PATTERN OF THE  

ADOLESCENT PREGNANT WOMEN
	S.No
	Exercise
	Type of Exercise
	Duration
	Total Number (N = 60)
	Percentage (%)

	1.
	Performing exercise
	-
	-
	37
	61.7

	2.
	Not performing any  exercise
	-
	-
	23
	38.3

	3.
	If  performing exercise,  type of exercise
	Walking
	≤ 30 minutes
	27
	45

	
	
	
	> 30 minutes
	1
	1.7

	
	
	Yoga
	≤ 30 minutes
	5
	8.3

	
	
	
	> 30 minutes
	-
	-


From the above table it is evident that 61.7 percent of the adolescent pregnant women were doing exercises  regularly to favour normal delivery. The remaining 38.3 percent did not do any  exercises. Walking was the main type of exercise done by 45 percent of pregnant women for less than 30 minutes and yoga was practiced by 8.3 percent of pregnant women. 
B.  Dietary habits of the adolescent pregnant women 

  
Table VII reveals the details about special foods included during pregnancy and lactation.
TABLE VII

	S.No.
	Condition
	Food
	Reasons 
	Total Number (N = 60)


	              * Percentage (%)

	1.
	Pregnancy
	1) Rice flakes
	Fibre, iron and B complex vitamins to avoid angular stomatitis


	8
	13.3

	
	
	2) Ragi
	Fibre, Calcium and iron rich
	16
	26.7

	
	
	3) Green leafy    vegetables
	To avoid constipation
	16
	26.7

	
	
	4) Fruits
	Micronutrient rich
	19
	31.6

	
	
	5) Egg
	Complete Protein
	4
	6.7

	
	
	6) Milk
	Rich in calcium
	38
	63.3

	
	
	7) Saffron
	For increasing the complexion of baby
	13
	21.7

	
	
	8) Other Foods
	For getting all the nutrient for both mother and baby
	11
	18.3

	2.
	Lactation
	1) Fruits
	For vitamins and trace minerals
	4
	6.7

	
	
	2) Green leafy vegetables
	To enhance production of milk
	50
	83.3

	
	
	3) Coconut Kanji
	To enhance production of milk
	3
	5

	
	
	4) Other Nutrient dense food
	For getting all nutrients to body
	11
	18.3

	
	
	5) Garlic
	Lactogogue
	6
	10

	
	
	6) No Special                     Foods
	-
	2
	3.3


SPECIAL   FOODS INCLUDED DURING PREGNANCY AND LACTATION
 *Multiple responses


In Kerala almost all families are using fish daily. During pregnancy and lactation other than fish they are using other types of food also. During pregnancy 13.3 percent of the adolescent pregnant women had rice flakes as special food with or without jaggery. They included riceflakes as it is rich in B complex vitamins, fibre and iron and to avoid angular stomatitis. Among the selected subjects  26.7 percent had green leafy vegetables to avoid constipation and 26.7 percent had ragi which is rich in  calcium , fibre and iron   and  31.6 percent had fruits which are rich in micronutrients such as vitamins, minerals and fibre. About 63.3 percent of the samples had milk as a special food during pregnancy because it is rich in calcium  and also  helpful for the proper growth and maintenance of bones and teeth for both mother and foetus. About  6.7 percent had egg as a special food because it is a complete protein food, 21.7 percent had saffron along with hot milk to increase the complexion of baby. 18.3 pregnant women  had two or three of the foods in a combination to meet the nutritional needs of the body. 

At the time of lactation 6.7 percent women had fruits for meeting the increased  need of vitamins and  minerals. About  83.3 percent had green leafy vegetable especially drumstick leaves, and five percent had coconut kanji, 10 percent had an increased amount of garlic in their foods because all the foods are lactogogous foods and 18.3 percent had other nutrient concentrates because during the period of lactation the mother needs extra amount of nutrients and only three  percent did not include any  special foods. 


Out of the 60 adolescent pregnant women selected 95 percent were non-vegetarians and only five percent were ovo-vegetarians. None of the them were coming  under  the vegetarian category. 


Table VIII deals with the percentage distribution of foods avoided during pregnancy and lactation. 
TABLE VIII

FOODS AVOIDED DURING PREGNANCY AND LACTATION

	S.No.
	Condition
	Food
	Reasons 
	Total Number(N = 60)
	          * Percentage (%)

	1.
	Pregnancy
	1) Papaya
	Abortive Food
	27
	45

	
	
	2) Pineapple
	Abortive food
	12
	20

	
	
	3) Fenugreek Seeds
	Affect fertility capacity
	6
	10

	
	
	4) Meat and Fish
	Causes nausea
	7
	11.7

	
	
	5) Seasonal Foods 
	Causes aversion to food 
	4
	6.7

	
	
	6) Sesame Seeds 
	Causes over heat to body
	2
	3.3

	
	
	7) Sweets 
	Because of gestational diabetes 
	2
	3.3

	
	
	8) No Special foods 
	-
	12
	20

	2.
	Lactation
	1) Highly Spicy      Foods 
	Causes diarrhea to the infant 
	12
	20

	
	
	2) Highly Seasoned      Foods
	Affect the health of the baby
	7
	11.7

	
	
	3) No Special           Foods
	-
	44
	73.3


*Multiple responses

Out of the 60 samples selected 45 and 20 percent of the pregnant women were not having papaya and pineapple because they believed that both these fruits are abortive foods. Ten percent of the pregnant women avoided fenugreek seeds during their pregnancy because of the belief that it will affect the fertility capacity. About 11.7 percent had no meat and fish, and 6.7 percent avoided seasoned foods because these foods will cause nausea and vomiting during pregnancy. Among the samples 3.3 percent of the adolescent pregnant women who had gestational diabetes avoided sweets, and the remaining 20 percent included all the foods in their diet. 
During lactation 20 percent of the women avoided hot spicy foods because it caused diarrhoea to both mother and infant and 11.7 percent avoided highly seasoned foods. About 73.3 percent did not avoid special foods during lactation. 


Table IX presents percentage distribution of adolescent pregnant women depending on the habit of food craving.

TABLE IX

CRAVING FOR FOODS DURING PREGNANCY

	S.No.
	Food Craving
	Type of food
	Total Number (N = 60)
	Percentage (%)

	1.
	No
	-
	38
	68.3

	2.
	Yes
	-
	22
	36.7

	
	If Yes
	1) Citrus fruits 
	14
	*                    63.6 

	
	
	2) Raw rice
	6
	27.3

	
	
	3) Tamarind
	2
	9.1

	
	
	4) Non-food materials like clay, red sand etc.


	6
	27.3


* Multiple responses
Out of the 60 adolescent pregnant women 63.3 percent had no craving  at all for any type of  food, and 36.7 percent had craving for food or non-food materials. Out of the selected pregnant women 63.6 percent had craving for citrous fruits and 27.3 percent had craving for raw rice and non-food materials like clay, red sand etc and 9.1 percent had craving for tamarind.

Table X presents the mean food intake of adolescent pregnant women.

         Figure VI represents the graphical representation of the mean food intake by adolescent pregnant women.

TABLE X

MEAN FOOD INTAKE OF ADOLESCENT PREGNANT WOMEN

	
	Cereals
	Pulses
	Greenleafy vegetables
	Other vegetables
	Roots and tubers
	Fruits
	Milk
	Fleshy foods
	Fats and oils
	Sugars

	*

Recommended Dietary Allowances
	350
	60
	150
	100
	100
	100
	500
	50
	30
	40

	Actual Food Intake
	290
	45
	140
	90
	73
	105
	250
	70
	60
	37.8

	Excess/ deficit
	-60
	-15
	-10
	-10
	-27
	+5
	-250
	+20
	+30
	-2.2

	Percentage

Difference


	-17.1
	-25
	-6.7
	-10
	-27
	+5
	-50
	+40
	+100
	-5.5


*ICMR-2007 (Values were taken according to the increased allowances for both adolescent girls and pregnant women).

From the table it is evident that in the case of mean food intake of adolescent pregnant women  only fruits ,fleshy foods, fats and oils, and sugars were taken more than the recommended intake and it was about five percent , 40 percent, 100 percent, and 5.5 percent respectively. The intake of fats and oils were 100 percent excess when compared to RDA. The cereal consumption was deficit by 17.1 percent, and pulses were deficit by 25 percent. Green leafy vegetables, other vegetables, roots and tubers were also deficit by 6.7 percent, 10 percent, and 27 percent respectively. The consumption of milk was very deficit among adolescent pregnant women and the intake was only 50 percent. 

Table XI represents the data on mean nutrient intake of adolescent pregnant women. 
TABLE XI
MEAN NUTRIENT INTAKE OF THE ADOLESCENT

PREGNANT WOMEN
	Age (Years)
	
	Energy (kcal)
	Protein (g)
	Fat (g)
	Calcium (mg)
	Iron (mg)
	(Carotene ((g)
	Thiamine (mg)
	Ascorbic acid (mg)

	13-15 years 
	 * Recommended Dietary Allowance            
	2698
	75
	20.
	1200
	38
	6400 
	1.2
	50

	
	Actual Intake
	2000
	70
	48.6
	802.9
	20.5
	5300
	0.9
	92.59

	
	Excess / deficit 
	-698
	-4.9
	+28.8
	-397.1
	-17.5
	-1100
	-0.3
	+42.6

	
	Percentage  difference
	-25.9
	-6.5
	+144
	- 33.1
	- 46.1
	- 17.2
	- 23.3
	+85.2

	16–18 years 
	Recommended Dietary Allowance 
	2435
	75.1
	15.0
	1200
	38.0
	6400
	1.2
	50

	
	Actual Intake 
	2012
	68
	45.2
	850.9
	22.4
	5430
	0.98
	89.7

	
	Excess / deficit 
	-423
	-7
	+30.2
	-349.1
	-15.6
	-970
	-0.2
	+39.7

	
	Percentage Difference
	-17.4
	-9.3
	+201
	-29.1
	-41.1
	-15.2
	-18.3
	+79.4


* ICMR 2009
In accordance with the food intake, the mean nutrient intake among 13-15 years adolescent pregnant, energy intake was deficient by 25.9 percent women, protein was deficient by 6.5 percent, calcium intake was deficient by 33.1 percent, iron was deficient by 46.1 percent. ( carotene and thiamine were deficient by 17.2 and 23.3 percent respectively. The intake of other nutrients like, fat and ascorbic acid only were excess by 14.4 percent and 85.2 percent respectively. 

In the case of mean nutrient intake by 16-18 years adolescent pregnant women, the nutrients energy, protein, calcium, iron, ( carotene and thiamine, and were deficient by 17.4, 9.3, 29.1, 41, 15.2, and 18.3 percent respectively. The nutrients which were present in excess amount were fat and ascorbic acid. Fat was excess by 201 percent and ascorbic acid by 79.4 percent. 

In Kerala almost all families uses fish and green leafy vegetables daily. But they use a very low amount of pulses and also milk. At the time of pregnancy only they used to have milk. Hence the protein was less than RDA.

 Figure VII represents the details of mean nutrient intake by the adolescent pregnant women. 
C. Anthropometric assessment of the adolescent pregnant women

   Table XII presents the percentage distribution of adolescent pregnant women depending on their height and weight.

TABLE XII
	S. No
	Age in Years
	Weight (in Kg)
	Total Number (N=60)
	Percentage (%)
	Height (cm)
	Total Number (N=60)
	Percentage (%)

	1.
	13-15 

(N=14) 
	40 - 45

46 - 50

51 - 55

56 – 60

61 – 65

66 - 70
	-

-

8

5

1

-
	-

-

57.1

35.7

7.1

-
	150 – 155

156 – 160

161 – 165

166 – 170
	6

5

3

-
	42.9

35.7

21.4

-

	2.
	16-18 

(N=46) 
	40 - 45

46 - 50

51 - 55

56 – 60

61 – 65

66 - 70
	3

7

17

17

1

1
	6.5

15.2

36.9

36.9

2.2

2.2
	150 – 155

156 – 160

161 – 165

166 – 170
	11

29

6

-
	24.0

63.0

13.0


HEIGHT AND WEIGHT OF ADOLESCENT 
PREGNANT WOMEN
Out of the 60 adolescent pregnant women surveyed only 14  pregnant women belonged to 13-15 years of age  and remaining 46 belonged to 16-18 years. In the 13-15 year old adolescent pregnant women eight percent had a body weight of 51–55 kg , 35.7 percent weighed 56–60 kg, and 7.1 percent weighed 61–65 kg respectively. In the 16–18 years old adolescent pregnant women, three percent had a body weight of 40–45 kg, seven percent belonged to 46–50 kg, 17 percent weighed 51-55 kg and 56–60 kg, 2.2 percent weighed 61-65 kg and the remaining 2.2 percent belonged to 66–70 kg of body weight. 

With regard to height among 13-15 years adolescent pregnant women 42.9 percent, 35.7 percent, 21.4 percent belonged to 150–155 cm, 156–160 cm, and 161–165 cm respectively. In case of 16-18 years adolescent pregnant women 24 percent, 63 percent and 13 percent belonged to 150 -155 cm, 156–160 cm and 161–165 cm of height respectively. 

Individual values of height and weight of the adolescent pregnant women are given in Appendix V

Table XIII deals with the deficiency symptoms of adolescent pregnant women.

TABLE XIII

DEFICIENCY SYMPTOMS OF ADOLESCENT 
PREGNANT WOMEN
	S.No.
	Symptoms
	Total Number (N=60)
	Percentage (%)

	1.
	a) Healthy and free from deficiencies 

b) Not free from deficiencies 
	37

23 
	61.7

38.3

	2.
	Deficiency Symptoms 

1. Oedema 

2. Mild anaemia 

3. Poor musculature 

4. Deficient Subcutaneous fat 

5. Marked anaemia

6. Angular Stomatitis

7. Bleeding gums

8. Dental Caries 
	(N = 23)

2

8

2

4

5

3

4

4
	*

8.7

34.8

8.7

17.4

21.7

13

17.4

17.4


* Multiple responses 


Out of the selected adolescent pregnant women 61.7 percent were healthy and free from deficiencies and only 38.3 percent were suffering from deficiencies. Out of the 38.3 percent, 34.8 percent had mild anaemia and 21.7 percent had marked anaemia. Thirteen percent of the samples were suffering from angular stomatitis, 17.4 percent from bleeding gums and from dental caries. About 8.7 percent had oedema in the legs or all over the body and 8.7 percent had poor musculature. From this data it is evident that majority of women suffer from micronutrient deficiency diseases and anaemia predominates other diseases. 


Table XIV presents data regarding problem and complications present during pregnancy.

TABLE  XIV

COMPLICATIONS PRESENT DURING PREGNANCY

	S.No.
	Complications during pregnancy
	Total Number (N=60)
	Percentage (%)

	1


	Gestational diabetes 


	3
	5

	2
	Varicose vein
	19
	31.7

	3
	Muscle Cramps 
	18
	30

	4
	High blood pressure 
	6
	10

	5
	Vomiting / Morning Sickness
	29
	48.3

	  6
	Respiratory problems
	1
	4.3


* Multiple responses 

           From the table it is clear that out of the 60 adolescent pregnant women surveyed five percent had gestational diabetes, 31.7 percent had the presence of varicose vein, and 30 percent had muscle cramps. High blood pressure was also prevalent among 10 percent and 48.3 percent of them suffered from repeated vomiting or morning sickness. Respiratory problems were present among 4.3 percent adolescent pregnant women.

          Table XV reveals the intake of vitamin and mineral supplements by the adolescent pregnant women.

TABLE XV

INTAKE OF VITAMIN AND MINERAL SUPPLEMENTS BY THE ADOLESCENT PREGNANT WOMEN
	S.No.
	Intake of Vitamin and Mineral Tablets  
	Total Number (N=60)
	Percentage (%)

	1.
	Not taking any tablets  
	34
	56.7

	2.
	Taking either vitamin on mineral tablets
	26
	43.3

	
	If taking Tablets, 

(a) Only iron tablets 

(b) Iron and folate tablets 

(c) Iron and Zinc tablets 

(d) Iron and Calcium tablets 

(e) Only Calcium tablets 

(f) B Complex vitamin tablets 

(g) Multivitamin tablets 

(h) Vitamin C tablets 
	7

6

3

2

4

1

13

10
	*

26.9

23.1

11.5

7.7

15.4

3.8

50

38.5


* Multiple responses 


            Out of the samples selected 56.7 percent of pregnant women were not taking any tablets for supplementation and 43.3 percent took tablets for  micronutrient deficiencies. Out of the 43.3 percent who used tablets, 26.9 percent had only iron tablets and 23.1 percent had iron and folate tablets. National nutritional anaemia prophylaxis program advices 60 milligrams elemental iron and 500 micrograms of folic acid daily for 100 days to all pregnant women. It is suggested that 120 milligram of elemental iron and one milligram folic acid are the optimum daily doses needed to prevent pregnancy anaemia. Hence, the pregnant women who regularly go for medical check up take the tablets as per doctor’s advice.


About 11.5 percent had iron with zinc tablets, and 7.7 percent had iron and calcium tablets. Calcium tablets were used by 15.4 percent of women and 3.8 percent of women took B-complex vitamin tablets. Multivitamin tablets were taken by 50 percent of women and 38.5 percent used vitamin C tablets. The pregnant women took more than one supplementation. 

D. Development of iron concentrate 

        Table XVI presents data  about the acceptability test done for the value added pooram powder.
TABLE  XVI

ACCEPTABILTY TEST FOR THE IRON CONCENTRATE DEVELOPED AND STANDARDIZED

	Product 
	Appearance 
	Colour 
	Texture 
	Taste 
	Aroma 
	Total 

	1.Standard 
	5
	5
	5
	5
	5
	25

	2.Variation-I
	3
	4
	4.8
	3.9
	5
	20.7

	3.Variation-II
	4
	3.2
	4.3
	3.8
	5
	20.3


It is evident from the table that out of the three products developed the standard has got the highest acceptability with a maximum mean score of 25 . It was prepared out  of rice flour, ragi flour ,wheat flour, powdered  rice flakes, sesame seeds, coconut, jaggery, ghee and chekkurmanis leaves powder. In variation I and variation II drumstick leaves powder and amaranthus powder were added instead of chekkurmanis leaves powder and the score  obtained were 20.7 and 20.3. Thus the pooram powder prepared with chekkurmanis leaves which obtained the highest score 25 was selected for supplementation.

Table XVII  represents the analysed iron content of the value added pooram powder developed.

TABLE XVII

IRON CONTENT OF THE VALUE ADDED POORAM POWDER DEVELOPED

	Ingredients
	Amount(g)
	Iron(mg/100g)

	1.Wheat flour
	10
	0.50

	2. Rice flour
	10
	0.07

	3. Ragi flour
	5
	0.2

	4. Rice flakes
	10
	2

	5. Gingelly seeds
	5
	0.47

	6. Jaggery
	20
	0.53

	7. Chekkurmanis
	40
	11.2

	TOTAL
	      100
	      15


During the supplementation period each samples in the experimental group were supplemented with 100g of the pooram powder. The iron concentrate developed contained 15 mg of iron per 100g of the product. This amount of iron meets more than 1/3 rd of the total daily iron requirement of   pregnant adolescent women. In the value added pooram powder developed 3/4th of the iron content was contributed by the chekkurmanis leaves.

E. Impact of supplementation of iron concentrate pooram powder on adolescent pregnant women.

Table XVII and Figure VIII represents the impact of supplementation of value added pooram powder on the blood haemoglobin level of adolescent pregnant women.

	        Study groups
	Mean blood haemoglobin level       Mean+SD     (g/dl)
	Difference (g/dl)
	‘t’ value

	
	Before supplementation
	After supplementation
	
	I Vs F
	Between groups

	
	
	
	
	
	Before supplementation
	After  supplementation

	 I.Experimental group(N=20) (A) Supplementation with pooram powder  alone (N=10)

	
	
	0.34
	6.93*
	1.17NS A and B

3.98*   A and C
	1.13 NS   A and B

2.46 **  A and C

	(B) Supplementation with pooram powder +lemon juice(N=10)
	


	
	0.6
	21.21*
	1.17NS  B and A

5.38*   B and C
	1.13 NS   B and A

3.26*     B and C

	II.Control group (C) 

No supplementation (N=20)
	
	
	- 0.17
	1.47 NS
	3.98*   C and A

5.38*   C and B
	2.46 **  C and A

3.26 *    C and B


 

                           *   significant at one percent level           ** significant at five percent level                NS: not significant.

The subjects selected for supplementation were taken according to their blood haemoglobin level before supplementation. The subjects with mild anaemia supplemented with value added pooram powder alone, where as subjects with moderate anaemia were supplemented with value added pooram powder and lime juice

It was observed that the mean haemoglobin level showed an increase of 0.34 and 0.6 g/dl in the groups receiving supplementation with pooram powder alone and pooram powder with lime juice respectively. Where as in the control group there was a decrease of blood haemoglobin level by 0.17 g/dl. Longer periods of supplementation could probably improve the haemoglobin status.

There was a one percent significant increase in the blood haemoglobin level after supplementation with pooram powder and for pooram powder with lime juice also. The ‘t’ test shows no significant difference between  groups A and B  before and after supplementation. Whereas B and C, A and C showed one percent significant difference before supplementation. But after supplementation the goups A and C, B and C showed one percent significance.

       Table XIX and Figure IX represents the impact of supplementation of value added pooram powder on serum total protein level of adolescent pregnant women.


	           Study groups
	Mean serum total protein level   mean+SD(g/dl)


	Difference (g/dl)
	‘t’ value

	
	Before supplementation
	After supplementation
	
	I Vs F
	Between groups

	
	
	
	
	
	Before supplementation
	After supplementation

	I.Experimental group(N=20) (A)Supplementation with pooram) powder alone (N=10)

	7.35 ( 0.31
	7.37 ( 0.28
	0.02
	0.51 NS
	0.18NS     A  and B

0.66NS      A and C
	0.12 NS     A  and B

0.53 NS     A and C

	(B)Supplementation with pooram powder +lemon juice (N=10)
	7.29 ( 0.27
	7.33 ( 0.25
	0.04
	1.15 NS
	0.18NS      B and A

0.89NS     B  and C
	0.12 NS     B and A

0.76 NS     B  and C

	II.Control group (C)      
No supplementation (N=20)
	7.54 ( 0.29
	7.54 ( 0.29
	0
	0
	0.66 NS     C and A

0.89 NS     C and B
	0.53 NS     C and A

0.76 NS      C and B

	


Analysis of serum total protein (g/dl), serum albumin (g/dl), serum globulin (g/dl) before and after supplementation showed no significant increase in these parameters as the intake of protein level was not increased in their diet. Here there was no significant change in serum protein level between the groups A, B and C and also there was no change between the groups before and after supplementation.

SUMMARY AND CONCLUSION


Pregnancy is a time of tremendous physiological changes in both mother and foetus. A good nutritional status of mother before and during pregnancy is very essential. Adolescent pregnancy is pregnancy occurring in women aged 19 years or younger. They are subjected to greater nutritional risk than adult women. Adolescent mothers bear a double burden; one involving their own growth and development and another is the intrauterine growth and development of their offspring. Hence they are more likely to have preterm birth weight babies and other complications related to nutritional deficiencies than are mature women. Iron Deficiency Anaemia is a serious public health problem, particularly in India where high maternal, infant and early child mortality prevails. A marked increase in the maternal blood supply during pregnancy greatly increases the demand for iron. Early marriage and adolescent pregnancy were common in Malappuram District of Kerala. So the present study titled, “Impact of supplementation of Iron Concentrate to Adolescent pregnant women in Malappuram District of Kerala”, was planned with the main objective of assessing the impact of supplementation with value added pooram powder on the adolescent pregnant women. 


By purposive sampling method 60 adolescent pregnant women were selected. Socioeconomic, dietary habits, anthropometric assessment were done for all subjects. Three day food weighment survey, supplementation, impact of supplementation were done for 20 subjects each in  experimental  and control groups.out of the experimental group 20 subjects, 10 were supplemented with value added pooram powder alone, and 10 were supplemented with value added pooram powder and lemon juice. Another 20 subjects were taken as control group, without any supplementation. Biochemical analysis were carried out on blood  samples drawn from the subject for blood haemoglobin and serum total protein before and after supplementation. 

The result of the study revealed the following. 

1. Majority of the family (56.7 percent) belonged to high income, 25 percent belonged to middle income, 18.3 percent belonged to low income according to HUDCO classification (2004). 

2. Regarding education, 26.6 percent had education upto high school level, 36.7 percent were educated upto higher secondary level and 36.7 percent had education up to graduation. Most of the girls continued their studies even though they were married and pregnant also. 

3. At the age of 13-15 years 38.3 Percent of the subjects were married and 61.7 percent of the subjects were married at the age of 16-18 years. 

4. Of the samples selected 68.3 percent belonged to first pregnancy, 28.4 percent belonged to second and 3.3 percent belonged to their third pregnancy. 

5. Twenty percent and 6.7 percent of the samples had an inter-pregnancy interval of two and three years. 

6. It is noted that 61.7 percent of the samples were doing exercises regularly to favour normal delivery. Walking was the main type of exercise done by 45 percent of them for less than 30 minutes. 

7. Regarding the dietary habits 95 percent of the samples were non-vegetarians and only five percent were ovo-vegetarians. 

8. In the case of special foods included during pregnancy other than fish 13.3 percent of the samples had riceflakes with or without jaggery, 26.7 percent had green leafy vegetables, and ragi, 31.6 percent had fruits. About 63.3 percent had milk and 6.7 percent had egg, 21.7 percent had saffron mixed  with hot milk. 

9. Regarding foods avoided during pregnancy 45 and 20 percent were not having papaya and pineapple because they believed those fruits are abortive foods. Ten percent avoided fenu-greek seeds, 11.7 percent had no meat and fish, 6.7 percent avoided seasoned foods, 3.3 percent who had gestational diabetes avoided sweets. 

10. Out of the 60 adolescent pregnant women 63.3 percent had no craving at all for any type of food, and 36.7 percent had craving for food or non-food materials. About 63.6 percent had craving for citrous fruits, 27.3 percent had craving for raw rice and non-food materials like clay, red sand etc and 9.1 percent had craving for tamarind. 

11. In the mean food intake only fruits, fleshy foods, fats and oils and sugars were more than the recommended intake and was about five percent, 40 percent, 100 percent and 5.5 percent respectively. Cereal consumption was deficit by 17.1 percent, pulses by 25 percent. Green leafy vegetables, other vegetables, roots and tubers were also deficit by 6.7, 10 and 27 percent respectively. The consumption of milk was deficit by 50 percent. 

12. In accordance with food intake the mean nutrient intake among 13-15 years pregnant women, energy was deficit by 25.7 percent, protein by 6.5 percent, calcium by 33.1 percent and iron was deficit by 46.1 percent, ( carotene and thiamine were deficient by 17.2 and 23.3 percent respectively. The intake of fat and ascorbic acid only were excess by 14.4 percent and 85.2 percent respectively. 

13. In the case of by 16-18 years subjects, the nutrients energy,  protein, calcium, iron, ( carotene and thiamine were deficient by 17.4, 9.3, 29.1, 41.4, 15.2 and 18.3 percent respectively. The nutrients which were present in excess amount were fat and ascorbic acid by 201 percent and 79.4 percent respectively. 

14. In the 13-15 year old adolescent pregnant women eight percent had a body weight of 51-55kg, 35.7 percent weighed 56-60 kg, 7.1 percent weighed 61-65 kg. In the 16-18 years old three percent had a body weight of 40-45 kg, seven percent belonged to 46-50 kg, 17 percent weighed 51-55 kg and 56-60 kg, 2.2 percent weighed 61-65 kg and the remaining 2.2 percent belonged to 66-70 kg of body weight. 

15. With regard to height among 13-15 years adolescent pregnant women 42.9 percent, 35.7 percent, 21.4 percent belonged to 150-155cm, 156-160 cm, and 161-165 cm respectively. Incase of 16-18 years subjects 24 percent, 63 percent and 13 percent belonged to 150-155 cm, 156-160 cm and 161-165 cm of height respectively. 

16. Out of the selected pregnant women  61.7 percent were healthy and free from deficiencies.The remaining pregnant women were anaemic and some of them were suffering from other deficiencies also. and only 38.3 percent were suffering from deficiencies. 

17. In the case of complications during pregnancy five percent had gestational diabetes, 31.7 percent had varicose vein, and 30 percent had muscle cramps, 4.3 percent had respiratory problems and high blood pressure was also prevalent among 10 percent. 

18. In the development and standardization of the value added pooram powder out of the three products developed the pooram powder developed with chekkurmanis leaves was highly acceptable and got the highest mean score 25. In variations I and II drumstick leaves powder and amaranthus powder were added instead of chekkurmanis leaves and the mean score obtained was 20.7 and 20.3 . 

19. The amount of iron present in  100 g of the value added pooram powder in 15 mg. 

20. After supplementation it was observed that the blood haemoglobin level was increased from 10.3 ( 0.47 to 10.64 ( 0.37 in the case of experimental group supplemented with pooram powder alone. While the group supplemented with pooram powder and lemonjuice,the haemoglobin level increased from 9.58 ( 1.09 to 10.18 ( 1.11. But in the case of control group blood haemoglobin level got reduced from 11.56 ( 0.39 to 11.39 ( 0.42. There was a one percent significant increase in the blood haemoglobin level after supplementation with pooram powder  and for pooram pwder with lime juice also. The t’ test shows no significant difference between  groups A and B  before and after supplementation. Where as B and C, A and C showed one percent significant difference before supplementation. But after supplementation the goups A and C, B and C showed one percent significance.

21. Serum total protein level after supplementation got increased from 7.35 ( 0.31 to 7.37 ( 0.28. For subjects supplemented with pooram powder and lime juice it got increased from 7.29 ( 0.27 to 7.3 ( 0.25. In the case of control group there was no change in serum total protein. 

          The findings of the study revealed the efficacy of supplementation of value added pooram powder on the haemoglobin level of adolescent pregnant women. The impact of supplementation of iron along with limejuice and without limejuice is comparable. Lime juice increased the iron absorption. The study paves way for more studies about chekkurmanis leaves, because it is an under exploited and underutilized green leafy vegetable but having a high iron content.

Further Research along these lines could be designed :

1. Follow up studies to assess the nutritional and psychological development of the neonates born to adolescent women.

2. Studies involving the intervention right from the beginning of pregnancy.

3. Studies involving nutrition education about use and importance of the nutritious and underexploited green leafy vegetables as India is blessed with an array of different green leafy vegetables. 
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APPENDIX-I

INTERVIEW SCHEDULE TO ELICIT THE SOCIO-ECONOMIC AND DIETARY BACKGROUND OF ADOLESCENT               PREGNANT LADIES

1.Name of the interviewee                  
:

2.Income of the family /month (Rs/-)  
   :

3.Educational level of the interviewee         :

                                                                         up to high school 

                                                                          up to secondary

                                                                          up to graduation                                      

4.Type of the family                                     :   Joint             Nuclear

5.Age at marriage                                         :

6.Age at first pregnancy                               :

7.Para of pregnancy                                      :


8. Now whether belonging to                       :          Ist trimester
                                                                              IInd trimester

                                                                             IIIrd trimester

                                                                                                                                                                                                                                                                                                                                                                                                                        9.Are you a 
         a)vegetarian          b)Non-vegetarian        c)Ovo-vegetarian
10. Foods included and avoided during pregnancy and lactation

	 Condition 
	Foods included
	Reasons 
	Foods avoided
	Reasons 

	Pregnancy 
	
	
	
	

	Lactation 
	
	
	
	


11.Did you have food craving during pregnancy ?

               Yes               No                                    

If yes, the type of food           :

12. Do you have any food fads ?

            Yes                  No


        If yes what food              :

             Reasons                      :

13.Length of time of breast feeding and weaning given to the children

	Children 
	Length of time of breast feeding
	Age of weaning
	                     Foods introduced

	
	
	
	Food 
	quantity
	Reasons 

	
	
	
	
	
	


14.Inter-pregnancy interval between present and previous one :

15.Do you perform any mild exercise favouring normal delivery :

                        Yes                 No

 If yes ,the type of exercise

	S.No
	Type of exercise
	Duration 

	1

2

3
	Walking

Yoga 

Any others
	


16.Do you suffer from any of the following diseases                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

	Diseases 
	Yes 
	No 

	Diabetes  

Obesity 

Hypertension

Heart diseases

Cancer

Asthma 


	
	


II-Anthropometric assessment

1.Height  (cm)                              :    

2.Weight(kg)                                :   

3.BMI                                           : 

4.Weight before pregnancy (kg)  :    

5.Weight gain during pregnancy (kg) :

III-Clinical assessment

1.Healthy and free from deficiency symptoms

               

                Yes                        No                

        If no,  presence of 
	Conditions


	Yes 
	No 

	Oedema

Mild anaemia

Cardiovascular and respiratory problems

Poor musculature

Deficient sub-cutaneous fat 

Marked anaemia

Tenderness of the calf muscles

Red /raw/glossed  tongue

Angular stomatitis

Bleeding gums 

Dental caries 

Xerosis of the cornea

Night blindness

Bitot’s spot

Dry or rough skin

Follicular hyperkeratosis

  
	
	


2. Problems during pregnancy
	Problems 
	Yes
	No

	Presence of gestational diabetes

Presence of varicose vein

Muscle cramps

High blood pressure

Vomiting/morning sickness
	
	



3.Are you taking any vitamin and mineral tablet ? Yes
No


       If yes ,specify :

IV-Biochemical assessment
1. Haemoglobin level in blood  : ……………..g/dl

2.Serum protien level
: ……………….g/dl

APPENDIX -II

PERFORMA FOR THE ASSESSMENT OF FOOD INTAKE BY ADOLESCENT PREGNANT LADIES

BY FOOD WEIGHMENT METHOD
	Meal
	Menu
	Weight of the total raw ingredients(g)
	Weight of total cooked food(g)
	Amount of cooked food consumed by the subject(g)
	Raw equivalents consumed by the subject(g)

	
	
	
	
	
	


APPENDIX-IV

DETERMINATION OF BLOOD HAEMOGLOBIN CYANMETHAEMOGLOBIN METHOD

Aim :


To estimate the amount of haemoglobin  present in the blood of adolescent pregnant women.

Principle :

     
The haemoglobin is treated with a reagent containing potassium          ferri cyanide and potassium dihydrogen phosphate. The ferricyanide forms methaemoglobin, which is converted to cyanmethaemoglobin by the cyanide.

Reagents :

       
Drapkin’s dilute solution; Sodium bicarbonate -1g; Potassium cyanide - 0.05g
Potassium ferricyanide -0.2g ; Distilled water -1.1 litre

 
This solution is preserved in a dark bottle and preferably under cold storage. Its preparation and handling should be done with great care. This solution should not be used after it forms a precipitate at the bottom of the storage bottle.
Procedure :

1. Exactly five ml of the Drapkin’s solution was  measured in to a dry test tube from a burette or a pipette with suction bulb.

2. Exactly 0.02 ml of blood was transferred from a standard haemoglobin pipette in to  the diluent solution. Usual care in filling and cleaning of loaded haemoglobin  was strictly observed.

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

4. The blood and the diluent were thoroughly mixed by rotating the tube.

5. Ten minutes time was allowed for the formation of  cyanmethaemoglobin.

6. Five ml of diluent solution was used as a blank.

7. The reading s were taken in a photoelectric colorimeter at 540 nm.

APPENDIX-V

DETERMINATION OF SERUM TOTAL PROTEIN

BIURET METHOD

Aim:

       
To determine the amount of total protein present in the serum of adolescent pregnant women.
Principle:

       
Protein forms a purple colour complex with copper ions in alkaline solution . the reaction takes its name from the compound , which react in the same way.

Reagents :

1. Sodium dilutent : Dissolved nine gram of sodium chloride in one litre of water .

2. Stock biuret reagent : Dissolved 45 g of potassium sodium tartarate  (Rochelle’s salt) in 400 ml of 0.2 N sodium hydroxide. Added 15 g of cupric sulphate . Stirred  until it is dissolved. Added five gram of potassium iodide and diluted it to one litre with 0.2 N sodium hydroxide.

3. Dilute biuret reagent :Diluted 200 ml of stock biuret reagent in to one litre with  0.2N sodium hydroxide and added  four gram of potassium iodide.

4. Standard protein solution :Weighed 400 mg of albumin and dissolved in 0.9% saline solution. Made up to the volume to 100 ml with saline, so that 1ml of this solution contains four milligrams of protein.

5. 22.5% sodium sulphate.

Procedure:

 
In to a series of test tubes 0.5,1.0,1.5,2.0,2.5 ml of standard protein solution was pipetted  out and then the volume was made up to three ml with water. In to another test tube, pippetted out 0.2 ml of serum and diluted to 0.9% saline up to five ml . From this two ml of the solution was taken and made up to the mark and treated as unknown. Now added three ml dilute biuret reagent to all the test tubes . Along with this a blank was prepared , the colour was read calorimetrically at 500nm after 30 minutes. The amount of protein in the serum was calculated. This gives the value of total protein.

Precipitation of globulin

       
This is by mixing 0.2 ml of serum with 4.8 ml of 22.5% sodium sulphate solution. Stoppered the tubes and inverted several times. Kept in incubator at 40◦C  overnight . Filtered the solution the next day using Whattmann No:42 filter paper. Took two ml of the filterate and carried out the experiment as for total protein. The concentration in g% of albumin present in the globulin free filterate is determined from the standard graph. Globulin value can be obtained  from the albumin value.

Calculation
Amount of globulin =Total Protein –Serum Albumin
APPENDIX-III

ACCEPTABILITY TEST FOR THE IRON

CONCENTRATE DEVELOPED

	Product
	Criteria
	Appearance
	Colour
	Texture
	Taste
	Aroma

	1. Standard
	Excellent

Very good

Good

Fair

Poor
	
	
	
	
	

	2.Varation -I
	Excellent

Very good

Good

Fair

Poor


	
	
	
	
	

	3.Variation- II
	Excellent

Very good

Good

Fair

Poor


	
	
	
	
	


Excellent (5 marks)  ; Very good (4 marks)   ;     Good (3 marks);

Fair (2marks)  ;  Poor  (1 mark

APPENDIX-VI

INDIVIDUAL HEIGHT, WEIGHT, AND BMI VALUES OF

ADOLESCENT PREGNANT WOMEN

	Age
	Number
	Height
	Weight

	13-15 years

16-18 years


	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30
	1.56

1.54

1.63

1.54

1.56

1.54

1.61

1.57

1.54

1.60

1.54

1.59

1.54

1.53

1.55

1.60

1.58

1.60

1.57

1.60

1.55

1.60

1.57

1.57

1.62

1.54

1.57

1.60

1.58

1.5
	55

52

54

43

55

58

58

55

54

58

56

58

54

52

55

58

58

44

58

48

48

57

58

57

52

50

53

47

56

54


	Age
	Number
	Height
	Weight

	16-18 years
	31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60
	1.63

1.57

1.62

1.59

1.57

1.60

1.58

1.60

1.53

1.54

1.57

1.54

1.56

1.62

1.56

1.59

1.57

1.54

1.59

1.60

1.57

1.60

1.62

1.58

1.54

1.54

1.54

1.60

1.58

1.59
	58

57

61

58

53

57

52

55

55

52

56

48

58

55

53

54

50

53

58

47

70

48

55

44

48

54

56

58
56

54


APPENDIX-VII
INDIVIDUAL VALUES OF BLOOD HAEMOGLOBIN OF ADOLESCENT PREGNANT WOMEN

	S. No
	Haemoglobin Levels of Experimental Group (in g/dl)

N=20
	Haemoglobin Levels of Control Group(in g/dl)

N=20

	
	Before Supplementation
	After Supplementation
	Before Supplementation  to Experimental Group
	After Supplementation to Experimental Group

	I

1

2

3

4

5

6

7

8

9

10
II

11

12

13

14

15

16

17

18

19

20
	10.8

10.6

9.8

10.0

9.8

11.0

10.4

10.8

9.8

10.0

10.8

9.6

8.8

9.6

11.0

7.8

8.2

10.8

9.4

9.8
	11.0

11.0

10.2

10.4

10.4

11.2

10.6

11.0

10.4

10.2

11.4

10.2

9.2

10.4

11.6

8.4

8.8

11.4

10.1

10.4


	12.0

11.8

12.2

12.0

12.0

11.6

11.0

11.4

11.8

11.0

11.0

11.2

12.0

11.4

11.6

11.8

11.2

11.4

11.8

11.0
	11.8

11.8

12.0

12.0

11.8

11.2

10.8

11.4

11.4

10.6

10.8

11.0

11.6

11.4

11.6

11.6

11.0

11.2

11.8

11.0




APPENDIX-VIII

INDIVIDUAL VALUES OF SERUM TOTAL PROTEINLEVEL  OF ADOLESCENT PREGNANT WOMEN

	S.No
	Serum Total Protein  Levels of Experimental Group (in g/dl)

N=20
	Serum Total Protein  Levels of Control Group(in g/dl)

N=20

	
	Before Supplementation
	After Supplementation
	Before Supplementation to Experimental Group
	After Supplementation to Experimental Group

	I

1

2

3

4

5

6

7

8

9

10
II

11

12

13

14

15

16

17

18

19

20
	7.8

7.0

6.9

7.1

7.4

7.5

7.5

7.1

7.4

7.8

7.0

7.0

7.5

7.5

6.9

7.0

7.5

7.4

7.6

7.5
	7.8

7.0

7.0

7.4

7.4

7.5

7.6

7.0

7.4

7.6

7.0

7.0

7.5

7.6

7.0

7.2

7.5

7.6

7.4

7.5


	7.6

7.1

7.1

7.8

7.9

7.0

7.5

7.3

7.4

7.5

7.9

7.4

7.9

7.8

7.1

7.6

7.7

7.8

7.6

7.8


	7.6

7.1

7.0

7.8

7.9

7.0

7.5

7.3

7.4

7.5

7.8

7.4

7.9

7.6

7.1

7.6

7.9

7.8

7.6

7.8




TABLE  XVIII


IMPACT OF SUPPLEMENTATION OF POORAM POWDER ON 


BLOOD HAEMOGLOBIN LEVEL OF ADOLESCENT PREGNANT WOMEN








TABLE XIX


IMPACT OF SUPPLEMENTATION OF VALUE ADDED


POORAM POWDER ON SERUM TOTAL PROTEIN LEVEL





NS: not significant
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