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ABSTRACT 

Iron deficiency anemia (IDA) is the most wide spread nutritional problem and affects over 2 billion people. The main reason 
for IDA has been determined to be inadequate intake of iron and low bioavailability (1-6%) of dietary iron from plant foods. Food 
based approaches to addressing IDA in India are being promoted, but information on to what extent food combination would improve 
the bioavailability of iron is fragmentary. Vitamin C is one of the dietary constituents which aid to augment the absorption of iron in 
humans. L-ascorbic acid (vitamin C) is the most potent enhancer of iron absorption, even in the presence of inhibitors such as 
phytates, tannins and calcium.  Because of iron deficiency in the masses on one hand and dependence on plant-based diet by the 
common people on other hand, certain plant-based iron rich food products are selected to develop food products and their efficacy for 
iron delivery (bioavailability) has been assessed. Iron rich food products (IRFP) incorporating cauliflower and lotus stem and effect of 
IRFP on hemoglobin content of girls (20-24 yrs) along with various source (natural and synthetic) of vitamin C on its absorption is 
evaluated. The foods products developed are Mathri, Laddu. Mathri (with incorporation of composite flours of cauliflower, & lotus 
stem) is supplemented to girls (20-24 yrs) for two months. Analyses revealed that cauliflower & lotus stem are found rich in iron, 
carbohydrate & protein. Organoleptic evaluation revealed that the products incorporated with composite flours of all two ingredients 
(cauliflower & lotus stem) were acceptable. Supplementation of Mathri incorporated with composite flours of cauliflower & lotus 
stem resulted in an increment in the hemoglobin content of girls (20-24 yrs). Amla & Vitamin C Tablets as a source of vitamin C 
showed better absorption of iron in subjects. 

 
Keywords: Amla &Vitamin C, Food Based, Human Health, Nutritional Analysis, Assessing Anaemia. 
 
INTRODUCTION 

“A wise man should consider that health is the greatest of human blessings, and learn how by this own thought to 
derive benefit from his illness” 

                                                                                                                          Hippocrates 
 
Anemia: a public health problem 

Anemia is a global public health problem which affects both the developing and the developed countries and it is an indicator 
of poor nutrition and poor health with major consequences for human health, as well as for the social and economic development of a 
population. Worldwide, at any given moment, more individuals have iron-deficiency anemia than any other health problem (WHO, 
2002). Anemia is the most common indicator which is used to screen for iron deficiency and so the terms anemia, iron deficiency and 
iron deficiency anemia are sometimes used interchangeable. Globally, anemia affects 1.62 billion people, which corresponds to 24.8% 
of the population (WHO, 1992). Anemia is one of the most common health problems in India which is much more prevalent in the 
rural than in the urban areas. [1-11] The prevalence of anemia in pregnant and lactating females and children has been found to vary 
from 50-90% in different parts of India (Seshadri, 1999) [12-30]. 
 
Health consequences 

Anemia is an indicator of both poor nutrition and poor health. The most dramatic health effects of anemia, i.e., increased risk 
of maternal and child mortality due to severe anemia, have been well documented (Macgregor et al., 1981) [16]. In addition, the 
negative consequences of IDA on cognitive and physical development of children, and on physical performance particularly work 
productivity in adults – are of major concern (World Health Organization, 2001) [8] [12] [31] [32]. 
 
Assessing anemia 

Hb concentration is the most reliable indicator of anemia at the population level, as opposed to clinical measures which are 
subjective and therefore have more room for error. Measuring Hb concentration is relatively easy and inexpensive, and this 
measurement is frequently used as a proxy indicator of iron deficiency. However, anemia can be caused by factors other than iron 
deficiency. In addition, in populations where the prevalence of inherited hemoglobinopathies is high, the mean level of Hb 
concentration may be lowered. This underlines that the etiology of anemia should be interpreted with caution if the only indicator used 
is Hb concentration. The main objective for assessing anemia is to inform decision-makers on the type of measures to be taken to 
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prevent and control anemia. This implies that in addition to the measurement of Hb concentration, the causes of anemia need to be 
identified considering that they may vary according to the population (Crompton DWT et al., 2003) [8]. 

 
Oral iron supplementation programs are the most common public health intervention against iron deficiency and have been 

underway in nearly all countries for decades. But these programmes are not most successful because of some reasons:  
A. Inadequate supplies of supplements. 
B. Inadequate explanation and encouragement to participants to take tablets regularly. 
C. Poor coverage of population at risk, especially in rural areas. 
D. Inadequate adherence, usually due to the side effects (including nausea and constipation). 

 
Thus, prevention and control of anemia are essential for not merely a rise in hemoglobin level, but a substantial and significant 

improvement in human capital development (Koller O, 1982) [15]. The current ongoing programmes to prevent anemia concentrates 
only on the amount of iron supplemented and the bioavailability of iron is least considered. There are few studies available which 
gives importance to the iron absorption enhancer combined with supplemented iron (Mathers and Loncar, 2006). 

 
Nutritional anemia is a condition in which the hemoglobin content of blood is lower than normal as a result of a deficiency of one or 
more essential nutrients. Because anemia is the most common indicator used to screen for iron deficiency, the term anemia, iron 
deficiency, and iron deficiency anemia are sometimes incorrectly used interchangeably. However, there are cases where a person may 
not be anemic but is mildly or moderate iron deficient and consequently may be functionally impaired (IIPS, 2000). 
 

Iron deficiency is the most frequent nutritional disorder and one of the leading factors for disability and mortality worldwide: 
and approximately 50% of anemia cases in developing countries are associated with iron deficiency. Iron deficiency is mainly caused 
by lack of iron in the diet. In the lack of iron, the synthesis of iron containing protein Hb becomes compromised. Finally, when Hb 
concentration falls below a specified cut off values with iron deficiency progress to iron deficiency anemia. Therefore, iron deficiency 
is called as contributory factor in case of anemia even when the primary cause is another factor (Moron and Viteri, 2009). 
 

Cut-offs may vary but WHO defines children under 5 years of age and pregnant women living at sea level as anemic if their 
hemoglobin concentration is <11 g/dL, non-pregnant women as anemic if Hb <12 g/dL, and men as anemic if Hb <13 g/dL.  Mild-
moderate anemia is Hb 7-10.9 g/dL, and severe anemia is Hb <7 g/dL. The main benefit of using cut-offs is to allow comparisons to 
be made between population groups. Iron deficiency anemia is not normally symptomatic until hemoglobin level is about 8 g/dL or 
lowers (Scrimshaw, 1984) [23]. A Food-based strategy has the goal of improving nutrition through increasing the availability and 
consumption of a nutritionally adequate micronutrient rich diet made up of a variety of available foods. 
 

Food based dietary guidelines (FBDGs) recognize that people eat food, not nutrients, and focus on giving simple practical 
advice on the appropriate combination of foods that can meet nutrient requirements rather than on how each specific nutrient is 
provided in adequate amounts (Bruner et al., 1996) [6] 
 
Prevalence and effects of Iron deficiency anemia in India 

Iron deficiency anemia (IDA) is a significant public health problem in India. National and regional surveys indicate that the 
prevalence of anemia could be as high as 74 percent in children below three years of age, 85 percent in expectant mothers and 90 
percent among adolescent girls in some population groups (MOHFW, 1998-1999; ICMR, 2001). In the slums of Bombay anemia was 
found to be present in 70 percent of women over the age of 70, 52 percent of women over the age of 60 and 38 percent of men. The 
prevalence of anemia was highest among those with severe malnutrition (ACC/SCN, 2000). IDA in infants and children is associated 
with impaired physical and cognitive development, and in adults with reduced work capacity and hence productivity, overall lowered 
resistance to disease and increased morbidity and mortality.   In women, IDA is also associated with adverse pregnancy outcome. It 
has been estimated that iron deficiency costs India about 5 percent of its gross national product annually from loss of lives, resources 
and productivity (Sanghvi, 1996) [22]. 

 
The main reason for IDA has been determined to be inadequate intake of iron, low bioavailability (1-6 percent) of dietary 

iron from plant foods (Narasinga Rao et al., 1983) [19] due to inhibitory factors, low levels of absorption enhancers in the diet, 
repeated pregnancies, increased needs during growth and development among children and adolescents, parasitic infestations and 
chronic blood loss. Poverty compounds these factors through inadequate access to dietary diversity, safe water, knowledge about safe 
food-handling and proper feeding practices (FAO/ILSI, 1997) [1-10]. 
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Nutrition Education 
Best practice for community-based program is to include nutrition education approach. Community based nutrition 

programmes are a critical form of our research. Nutrition education, healthy eating habits and better civic amenities could prevent 
incidence of anemia and malnutrition among the slum children [11] 
 
Dietary Diversification 

Dietary diversification and the modification of diets to increase the iron content or improve iron bioavailability are the 
feasible and the sustainable strategy at household level. The principal treatment of anemia was to improve the diet by eating good 
foods containing vitamins, keeping to mealtimes, and eating foods considered specifically good for anemia such as liver, spleen, 
garden cress seeds, beet root, jaggery, rice flakes, dates, citrus fruits etc. Dietary diversification through nutrition education as well as 
dietary iron availability through fortification on long terms basis will possibly control prevalent moderate to severe degree of anemia 
in growing children. 
 
Supplementation 

Supplementation for the prevention and control of anemia has special role in countries, where the prevalence is higher as in 
South Asia supplementation is advantageous. It can be targeted to high-risk groups. It can bring about on improvement in Hb level 
especially important for pregnant woman. It can be channeled through the existing primary health care system and village level health 
workers. 

 
Due to poor response and high incidence of anemia in the communities, the dose of iron has been increased to 100 mg in the 

national anemia control programme (Bamji et al., 2000) [3] 
 

Lotus stem (Nelumbo Nucifera) 
Nelumbo Nucifera, known as sacred lotus, is a well-known medicinal plant and this lotus root is commonly used as food 

compared to different part of this plant. These plants can be grown in tanks, ponds, jheels, ditches, pools, tubes etc. It is given to 
children as diuretic and hypothermic. The leaves of these plant form cool bed sheets useful in fevers they have the capacity of 
absorbing heat and reduce burning of skin. A sherbet of this plant is used as hypothermic in small pox and is used to stop eruptions. 
The same is given in all eruptive fevers (Sharma et al., 2004) [24][25][26][33] 

 
A study done by (Jacson and Lee, 1991) to assess the efficacy of iron rich powder developed from lotus stem (Nelumbo 

Nucifera) in improving hemoglobin level of adolescent girls [13] 
 
Uses of Lotus Stem 

It is interesting to note that all parts of lotus stem are used in oriental medicine. Lotus is known for various properties 
including being a comparable refrigerant and having astringent and diuretic actions. This led to various diverse applications such as 
using the leaves for diarrhea, high fever, hemorrhoids and leprosy. A seed stops irritation and soothes irritation of the digestive tract. 
Lotus seeds also provide a spleen tonic and are used for their astringent action in the treatment of chronic diarrhea seminal emission, 
and leucorrhoea, as well as having a sedative action making them useful for insomnia and heart palpitations. (Sridhar and Bhatt, 2007) 
[28] 
 
Health benefits of Lotus stem 
 Lotus root is one of the moderate calorie root vegetables. 100 g root-stem provides about 74 calories. Nevertheless, it 

composed of several health benefiting phyto-nutrients, minerals, and vitamins. 
 Lotus root is one of the excellent sources of vitamin C. 100 g root provides 44 mg or 73% of daily-recommended values. 

Vitamin C is a powerful water soluble anti-oxidant. It is required for the collagen synthesis in the body. Collagen is the main 
structural protein in the body required for maintaining the integrity of blood vessels, skin, organs, and bones. Regular 
consumption of foods rich in vitamin C helps the body protect from scurvy, develop resistance against viral infection, boosts 
immunity, hasten wound healing and remove cancer causing harmful free radicals from the body (Sinha et al., 2000)[27] 
 

Cauliflower (Brassica oleracea)  
Cauliflower is one of several vegetables in the species Brassica oleracea, in the family Brassicaceae. It is an annual plant that 
reproduces by seed. Typically, only the head (the white curd) is eaten. The cauliflower head is composed of a white inflorescence 
meristem. Cauliflower heads resemble those in broccoli, which differs in having flower buds. 
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Cauliflower contains several phytochemicals, common in the cabbage family, which may be beneficial to human health. 
 Sulforaphane, a compound released when cauliflower is chopped or chewed, may protect against cancer. 
 Other glucosinolates 
 Carotenoids   
 Indole-3-carbinol, a chemical that enhances DNA repair and acts as an estrogen antagonist (Dickson et al., 1988) slowing the 

growth of cancer cells. 
 
Boiling reduces the levels of these compounds, with losses of 20–30% after five minutes, 40–50% after ten minutes, and 75% 

after thirty minutes. However, other preparation methods, such as steaming, microwaving, and stir frying, have no significant effect on 
the compounds (Crisp, 1982). A high intake of cauliflower has been associated with reduced risk of aggressive prostate cancer (Kirsh 
et al., 2007)[14] 

 
Medical Uses and/or Benefits of Cauliflower 

Protection against certain cancers. Naturally occurring chemicals (indoles, isothiocyanates, glucosinolates, dithiolethiones, 
and phenols) in cauliflower, Brussels sprouts, broccoli, cabbage, and other cruciferous vegetables appear to reduce the risk of some 
cancers, perhaps by preventing the formation of carcinogens in your body or by blocking cancer-causing substances from reaching or 
reacting with sensitive body tissues or by inhibiting the transformation of healthy cells to malignant ones. 
 
Keeping in view of the above facts & figures the present study was undertaken with the following OBJECTIVES in mind: 
 To prepare iron rich powdered stuffs from i.e. cauliflower (Brassica oleracea), lotus stem (Nelumbo nucifera), in equal 

proportion.  
 To undertake their proximate principles and selected minerals analyses. 
 To develop iron rich food products incorporating blends of iron rich food stuffs. 
  To evaluate the effect of iron rich products on hemoglobin level of girls (20-24 yrs). 
 To assess the effect of natural and medicinal forms of vitamin C on the absorption of iron 

 
METHODOLOGY 

This section is usually very straight forward, and writing it helps many people to establish the proper thought process and 
understanding of the work that will allow the rest of the report to flow more smoothly. This section of the report gives a detailed 
account of the procedure that was followed in the experiment. This study was conducted on college going girls in order to evaluate the 
effectiveness of iron rich products which was given along vitamin C supplements which is in the form of natural (amla and lemon 
juice,), and synthetic (tablets) on the Hb level of girls (20-24yrs). Hence, this part of report gives description about the methods and 
techniques which were used during the data collection and final analysis. 

 
These are the sub-heads in which the information has been divided: 
 Study design, participants and sample size. 
 Background information. 
 Hemoglobin assessment 
 Preparation of samples (the selected ingredients) 
 Product development 
 Nutritional analyses 
 Sensory evaluations 
 Supplementations 
 Pre and post hemoglobin assessments 
 Statistical analyses 

 
 Study design, participants and sample size: It was an experimental-controlled study design, an efficacy trial to assess the 

impact of iron rich product based intervention along with vitamin C (natural as well as synthetic) source on the hemoglobin level 
of the subjects (girls 20-24 yrs). In this study pre and post intervention data was collected. It was convenient type of sampling 
where the sample selection was done on the basis of researcher’s convenience. The criteria for selection of subject’s was mainly 
age (20-24 yrs) have mild to moderate (7-10.9 g/dL) hemoglobin level. Those girls who were college going and were physically 
as well as mentally healthy and also interested to be a part of this study were selected. The study groups were homogenous 
regarding their living conditions, physical environment and their eating pattern. The students who studying in IFTM Moradabad 
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was ready to be a part of this study willingly. The sample size was 10 for each group and for further sampling these girls were 
screened for anemia having cut off criteria 7-10.9 g/dL (FAO/WHO, 2002) and finally 20 girls were selected. 

 Background information: Back ground information was acquired through a questionnaire filled by the subjects themselves. This 
back ground information also contains information about their physiological condition of the subjects. 

 Hemoglobin assessment: The baseline Hb level of the subjects was assessed at the time of sampling for screening of anemia as 
well as the post supplementation Hb levels were also recorded. Hemoglobin assessment was done by collecting the sample of 
blood. Hemoglobin is the most suitable method for the screening of anemia. Hb level estimation is done according to the Sahli’s 
method (Sharma, 2007)[24][25][26] 

 Collection of Blood: Collection of blood was either by venous or capillary blood is used for hemoglobin assessment. Only for 
examining the Hb level there is finger prick method is used in which capillary peripheral blood is collected by puncturing the 
finger tip or heel, when a small quantity of blood is required the skin is cleansed with spirit was allowed to dry: and puncture 
made for a quick store of lancet. The first drop was discharged.  

 
Biochemical estimation of Hemoglobin by Sahli’s method (Sharma, 2007) [24][25][26] 
Principle: Hydrochloric acid converts hemoglobin into acid hematin. The brown colored compound is matched against a brown glass 
standard in a comparator. 
 
Procedure 
 Cleaned thoroughly the pipette and hemoglobin meter. 
 Filled the hemoglobin meter tube exactly up to 2 gm mark with 0.1 N (standard) HCL. Prick the left hand index finger, and 

holding the pasture pipette horizontally, draw out blood into pipette up to 20 cu.mm. Mark by gentle and controlled sucking. In 
order to avoid bubbles, keep the end of the pipette inside the blood drop. If a slight excess has been drawn, remove it by 
touching the point of the pipette with a filter paper piece. If a great excess has been drawn in, blow the sample out of the 
pipette, clear and dry it, and then refill it. Wipe off with filter paper, the blood sticking to the outside of the pipette. 

 Emptied the pipette into acid in the tube by keeping the point at the bottom of the tube and gently blowing off the blood 
without producing bubbles. Rinse the pipette at least three times by drawing in and discharging the blood acid mixture. Now 
withdraw the pipette half way up the tube and rinse outside a pipette with a few drop of acid. 

 Mixed the acid hematin solution in a tube with a glass rod and allow the tube to stand for 10 minutes. In this interval, at least 
95% of the color of acid hematin gets developed. 

 Diluted the solution of acid hematin by adding water until the color of the solution matches with that of standard. Take readings 
in grams by reading the bottom of the meniscus. 

 
Preparation of samples: The selected ingredients of the study are Lotus stem and Cauliflower. The following are the methods of 
preparation of above ingredients: 
 
Lotus stem 
 Fresh sample of Lotus stem were taken from Moradabad. 
 It was washed under the running tap water. 
 The Lotus stem were peeled and cut into many small pieces. 
 These small pieces were spread on the cotton fabric. 
 It was kept for sun drying for the removal of water and microorganisms can be destroyed. 
 Further, these dried lotus stems were powdered in the grinder. 
 At last, it was stored in a plastic air tight container for chemical analysis 

 
Cauliflower 
 Fresh good quality cauliflower, procured from the local market of Moradabad. 
 It was washed thoroughly with tap water. 
 Later, the Head (white curd) of cauliflower was cut into pieces and kept for sun drying. 
 Dried pieces of head were powdered in the grinder. 
 Lastly, the powder was collected in the plastic air tight container for chemical analyses. 
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Product Development 
Products were developed using composite flours of Lotus stem and Cauliflower as a main ingredient. Shifting from hundreds 

of ideas was imperative in order to design a new or improvise, tempting and nutritious products. Hence, this step was the first step for 
the investigation. Using information from key informants, various books and internet, an exhaustive list of possible products was 
drawn. 
 
List of Recipes 

i. Mathri 
ii. Ladoo 
 
About the Recipes 
Mathri: It is a kind of flaky biscuits from north-west region of India. It is made from flour, water, and cumin seeds (optional). The 
creation of this snack was influenced by the need to have preserved food that will stay edible for days and the finished products are 
often stored in big jars at room temperature. 
 

It is served with mango, chilli or lemon pickle along with tea. They are also served at marriages and poojas. Masala Mathri is 
a variant of Mathri with spices added to make it more crispy. 
 

It is one of the most popular snacks in North India, and is part of most marriage cooking or religious occasions like Karva 
Chauth and even as tea-time snack. 

 
Ladoo: Laddu or Laddoo is a ball-shaped sweet popular in Indian Subcontinent as well as regions with immigrants from the 
Subcontinent such as Hijaz. Laddu is made of flour and sugar with other ingredients that vary by recipe. It is often served at festive or 
religious occasions. 
 

Laddu is often prepared for festivals or family events such as weddings and births, or given as a prasad at Hindu temples, 
especially Tirupati Venkateswara temple, Andhra Pradesh. In Maharashtrian cuisine, there are traditional recipes for laddu intended as 
travel provisions. Laddu is also considered a traditional Eid dessert in some Muslim communities. Motichoor Ladoo is a popular 
variant. 

 
Laddu (sometimes transliterated as laddoo or laadu) is made of varieties of flour and/or semolina and other ingredients 

cooked in sugar formed into balls. The popularity of Laddu is due to its ease of preparation. Variations in the preparation of Laddu 
result in a spectrum of tastes. Laddu is often made to celebrate festivals or household events such as weddings. 
 
Selection of Recipes 

The recipes were selected with the motive to make it suitable in every respect for acceptability. The recipes were selected on 
the following criteria- 

 Appealing for all age groups 
 Easily available ingredients 
 Healthful 
 Easy to prepare 
 Non-perishable 

 
Selection of Products 

In order to select the products, various books were consulted. Major points considered for selection of recipes were: 
 Ingredients should be low in cost 
 They should be easily available 
 Development should not take much time 

With these considerations two products were selected. 
 
Standardization and Development of products: Standardization of products was done by following a thoughtful process. Standards 
were developed without using the flours of Cauliflower and Lotus stem and tests were developed by using different percentage of 
these flours of Cauliflower and Lotus stem. Products developed were: 
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i. Mathri              (2%, 3%) 
ii. Ladoo               (2%, 3%) 
 
Acceptability Evaluation: Any food product should be accepted by consumers and provide them satisfaction. Acceptance depends on 
the characteristics of a product like appearance, color, taste, texture, after taste, and overall acceptability. When the quality of a food 
product is assessed by means of human sensory organs the evaluation is said to be sensory or subjective or organoleptic. Every time 
food is eaten, a judgment is made. Sensory quality is a combination of different senses of perception coming into play in choosing and 
eating food. Appearance which can be judged by the eye, e.g. color, size, shape, uniformity, and absence of defects is of first 
importance in food selection (Srilakshmi, 2007). 
 
For the selection of semi-trained panel, triangle test was used. 
 
Nutritional composition of products: For the nutritional evaluation of all products, the nutrients that were calculated are moisture, 
ash, protein, fat, crude fibre, carbohydrates and iron. 
 
 Nutritional Analyses 

Estimation of Moisture (Sharma, 2007)[24][25][26] 
 

Procedure 
 10g of sample was weighed in an already weighed Petri dish. 
 Put it into an oven at a temperature of 100 ̊ C- 125 ̊C for 4 hours. 
 Petri dish was cooled in desiccators. 
 It was weighed accurately. 
 Repeated drying, cooling and weighing until the weight became constant. 

Moisture content in the sample is in g/100g of sample. 
  
Calculation 
Moisture     =                 W1-W2 x 100 
 
               Weight of the sample 
 

 Estimation of ash (NIN, 2003) 
 

 Procedure 
 10g of sample was weighed in a previously ignited, cooled and weighed platinum crucible. 
 The crucible was heated gently by placing it on a clay triangle over a burner until the mass was well charged. 
 The sample was then ignited in a muffle furnace at 600 ̊ C for 4-5 hours. 
 A light grey ash marked the completion of ashing process. 
 The sample was cooled in desiccators and weighed until the weight of the ash was constant. 

 
Ash content in the sample is in g/100g. 
 
Calculation: 
Ash content (g/100g sample) =                Weight of ash (g) ×100 
       

  Weight of Sample (g) 
 
Estimation of fat (Sharma, 2007) 

Dried moisture free sample was used for fat estimation. 
 
Principle 

This estimation is also known by an alternative name; ether extract and thus refers to the extraction of fat phospholipids, 
sterol, waxes, fatty acids and carotenoids from a dry (moisture extracted) sample by ethyl ether. 
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 Reagent:  Solvent ether or petroleum ether 
 
 Apparatus: Soxhlet Apparatus 
 
Procedure 

 All the beakers were rinsed and placed in a oven with a temperature of about 100 ̊ C. 
 When moisture was removed from the beakers it was placed in the desiccators for about 10 minutes to bring it to the room 

temperature. 
 The empty beaker was weighed as W1. 
 The thimbles were inserted into the thimble holder and were placed on the beaker. 
 The samples were weighed and transferred into the thimble. Again, it was weighed which was represented as SW. 
 The solvent was poured in the beaker and the total volume made was 80ml. 
 The beakers were loaded in the system and system was switched on and was set to the boiling temperature of 800C. 
 The process was left as such for about 60 minutes. The temperature was increased to recovery temperature after the process 

time. 
 The rinsing was done for about 2 to 3 times for the collection of remaining fat that may be present in the sample or in the 

thimble. 
 The beakers were taken out from the system and thimble was removed from the beaker and was kept in hot air oven at 100 ̊C 

for 20 to 30 minutes. 
 The beakers were taken out from the oven and were placed in desiccators for about 10 to 15 minutes. 
 The sample was weighed again which was its final reading (FBW). The weight was represented as W2. 

 
3.1.3.3 Calculation 

  % Fat =    W2-W1    ×100 
       

     SW 
 
where, 

W1= Initial weight of the beaker  
W2= Final weight of the beaker 
SW= Weight of the sample 
 

Estimation of Crude Fiber (National Institute of Nutrition, 2003) 
 
Reagents 

 Sulfuric acid 0.255 N 
 NaOH 0.313 N 
 Alcohol 

 
Procedure 

 5g of sample moisture and fat free sample was taken and weighed into a 500ml beaker. 
 200ml of boiling 0.255 N (1.25% w/v) sulfuric acid was added. 
 The mixture was boiled for 30 minutes keeping the volume constant by the addition of water at frequent intervals. 
 At the end of the period, the mixture was filtered through a muslin cloth and the residue was washed with hot water till free 

from acid. 
 The material was then transferred to the same beaker and 200ml of boiling 0.313 N (1.25%) NaoH was added. 
 After boiling for 30 minutes (keeping volume constant as before), the mixture was filtered through muslin cloth. 
 The residue was washed with hot water till free from alkali, followed by washing with some alcohol and ether. 
 It was then transferred to a crucible, dried overnight at 80 ̊ - 100 C̊ and weighed and heated in muffle furnace at 600 ̊C for 2-3 

hours, cooled and weighed again. 
 The difference in weight represents the weight of the crude fiber. 
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 Calculation 
  Crude(g/100g) =                  W2-W1                      ×100 
                                                   Weight of the sample 
Estimation of Protein (Sharma, 2007) 
 
Principle 

The procedure comprises of three steps, namely digestion, distillation and titration. Whereas digestion with strong acids 
converts organic nitrogen into ammonium sulfate, a strong alkali liberates ammonia from ammonium sulfate. The liberated ammonia 
is made to complex loosely with boric acid after steam distillation and condensation. The final step involves the titrametric estimation 
of basic ammonia by a standard acid using bromocresol green and methyl orange mixed indicator. 

 
 Procedure 
 Digestion 

 The system was switched ON. 
 The digestion unit was preheated. Powder (0.2g) of the sample was taken. 
 3g to 4g of catalyst mixture was added [5:1 (potassium sulphate: copper sulphate)] 
 10ml of conc. H2SO4  was added. 
 Now the temperature to 420 ̊ C was increased. 
 Digestion took 2 hours. 
 A clear green color indicated that the digestion of the sample was over. 
 The sample was kept in the cooling rack for cooling. 

 
 
 Distillation 

 The system was switched ON. The solution was prepared (4% Boric Acid, 40% Alkali, 0.1N HCl). Distilled water tank (water 
level, tap and cap) was checked. 

 The alkali was loaded, boric acid and KMNO4 to the system through silicon hoses provided at the back of the equipment, wait 
for the READY signal. 25ml Boric Acid with indicator in a 250ml conical flask was taken and placed at the receiver end. 

 The sample was diluted with distilled water (dilution 10ml to 20 ml). 
 The sample was loaded in tube in sample side. 
 The tap water was opened for cooling purpose (check the inlet and outlet). 
 The sample was started for testing after getting the READY signal. 
 40 ml of the 40 % alkali was added (until dark brown color appears). 
 Now the process was started (timing based on the sample’s nitrogen value). During the process, liquid ammonia was collected 

in the boric acid and the boric acid’s color was changed based on the indicator used. The conical flask was removed after 
completion of the process from the receiver end and then titrate it. 

 The digestion tube from the sample side was removed. 
 

   Titration 
 0.1N HCl was taken in burette (use 10ml burette). 
 First the blank value was noted. 
 Titrate the sample and note down the burette value (TV). 

 
Calculation 
Nitrogen N% =   14.01 x 0.1N x (TV-BV)    x 100 

 
W x 100 

Protein P%= %N x 6.25 
 
Where,  
14.01= Molecular weight of ammonia 
0.1N= Titration solution’s normality 
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TV= Titrated Value 
BV= Blank Value 
W= Weight of the Sample 
 
Total Carbohydrates (Raghuramulu et al., 2003) 

Total carbohydrates were calculated by difference. i.e., by subtracting from 100 the sum of the values (per 100 g) for 
moisture, protein, fat, ash and crude fibre. 
 
Estimation of Minerals Iron (NIN, 2003) 
 
Principle  

Iron is determined calorimetrically making use of the fact that ferric iron gives a blood red complex with potassium 
thiocynate whose intensity is measured at 540 nm.   
 
Procedure 

 6.5ml of aliquot of the mineral solution was taken in a test tube followed by addition of 1ml of 30% concentrated sulfuric acid. 
 1ml of potassium per sulphate solution was added. 
 After that, add 1.5ml of 40% potassium thiocynate solution was added just before taking the reading. 
 The red color was developed and measured within 20 minutes at 540 nm. 

 
Calculation 
Iron (mg/100g) =      Optical density of test    x Conc. of Standard x dilution factor               
                                 

Optical density of standard                                                      
 Sensory Evaluation 

 (Marine et al, 1965) has suggested that the person who serves as a panelist should be in good health and should absent 
themselves when suffering from conditions that might interfere with normal function to taste and smell. The price of information was 
passed into the panelists. 

 
The motivation of the panelists affects his response to a great extant. Therefore, the panelists were made to feel that they were 

doing an important activity and that their contribution was very important. The panelists were given an explanation about the sensory 
attribute they were supposed to measure (Stone and Sidel, 1993). 

 
So test subject should meet the following conditions 

 Sensitivity: panel member should have normal of olfactory and gustatory sensitivity, which can be improved by training. 
 Age: all interested persons regardless of their age were admitted. 
 Avoidance of disturbance during test: sensory analysis requires intense concentration by the panel members therefore, 

disturbance such as noise, off odors etc, must be avoided. In addition, test subjects should not have the chance to influence each 
other by facial expression or orally conveyed results. 

 Additional points to be taken into consideration: the panel membrane should rinse their mouth properly before starting the 
test. 

 
Method for the selection of panel member 

Selection of panel members involved the screening of 30 postgraduate students. All of those were subjected to triangle 
difference test and 15 students having sharp discrimination, discretion and communication powers were selected and then preceded for 
other evaluation. 

 
Triangle Test 

This test was named so because it involved the presentation of three samples to the panel members in a triangular form but in 
practice they are kept in a straight line. In the present study, triangle difference test was conducted using lemon water. Among the 
three samples two were same and one was different. The panel members were asked to pick out in each triangle set the sample, which 
was different. The samples were present in the following order: 
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 ABC 
 BCA 
 CAB 

 
Therefore, 
A/C – Control or duplicate sample 
B – Treated or Odd sample 

 A well prepared questionnaire for a triangle test was provided to the panel members. 
 Subject was asked to identify the odd sample. 
 After sometime, the questionnaire was collected from each member. 
 Evaluation was done on the basis of discrimination ability of the subject. 
 By this testing 15 semi trained panelists were selected who have better sensory attributes and they identified the difference. 

 
Sensory Evaluation by 9-Point Hedonic Scale  

Hedonic rating relates to pleasure or unpleasure experience. The leaves powder-based product i.e. Baked Stick were 
evaluated for sensory quality characteristic on a 9 – point hedonic scale to test the liking disliking for the following attributes. Color, 
appearance, taste, texture and overall acceptability. 

 
It was evaluated by selected semi trained panel member after giving detailed instruction regarding the method of scoring and 

the significance of their judgment. (Performa has been attached in appendix). 
 

Procedure  
 This was conducted in separate room free of noise and odor and having proper lighting. 
 Each sample was introduced separately to each of the panel member. 
 The member asked to give scores according to their preference on the Performa on the bases of all attributes of hedonic scale (9 

point) 
 Water has provided after testing each sample to remove any other taste. 
 No communication between panelists was allowed. 
 Judges suffering from cold and ill health were not allowed to evaluate. 

 
Supplementation 
         After the completion of the sampling procedure, all the participants were divided into four groups. 

1. Control group (No Supplementation). 
2. Iron fortified without Ascorbic acid (IFWOAA). 
3. Iron fortified with fresh amla (IFWFA) 
4. Iron fortified with lemon juice (IFWLJ) 
5. Iron fortified with vitamin C tablet (IFWVCT). 

 
Group no. 2,3,4,5 was supplemented. The supplementation was done for 60 days (supervised). The subject of group no. 2 was 

intervened with 50 gm standardized recipe Mathri (2 pieces of 25gm each). The subjects of group no. 3 and 4 were intervened with 
50 gm of Mathri along with 500 ml extracts of lemon. The subject of group no.5was intervened with 500 mg tablet (Limcee). At the 
time of supplementation, it was taken care that all the subjects had taken their meal at least 1-2 hours before the supplementation. 
They were also asked to consume the supplementation along with vitamin C source and forbidden from having tea or any dairy 
product along with the supplementation as these foods inhibit the iron absorption. 
 
 Pre and Post Hemoglobin assessments 

Hemoglobin assessment was done for the specific time period i.e. 2 months in which the hemoglobin estimation was check 
on initial day followed by 15th, 30th, 45th and 60th day respectively along with iron fortified products and vitamin C supplementation.  
 
STATISTICAL ANALYSIS OF THE DATA AND INTERPRETATION 

Statistic the is concerned with scientific methods for collecting, organizing, summarizing, presenting and analyzing data as 
well as withdrawing valid conclusions and making reasonable decisions on the basis of such analysis. 
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The statistical methods used in analysis of data regarding the present investigation were: 
 Mean 
 Standard Deviation 
 T-test 
 Diagrammatic presentation 

 
Mean (𝐗 bar) 

The mean of the distribution is commonly understood as the arithmetic average. It is perhaps the familiar, most frequently 
used statistic. 

                             𝐗 =   
Ʃ𝐗

𝐍
 

 
Where;  
 ̅X = Mean 
X = Value of the variable 
N = Total number of the variable 
Ʃ = Summation 
 
Standard Deviation (σ) 

It is the most important and widely used measure of studying dispersion. It is defined as the positive square root of the 
arithmetic mean of the square deviation of the scores from the mean. It is denoted by the small Greek later σ (read as sigma). 

                                       σ =  
Ʃ𝐝𝟐

𝐍
 

 
T-test 

The t- distribution is used when sample size is 30 or less then and the population standard deviation is unknown (Gupta, 
2004). 

 
The t-statistic is defined as: 

                                                   T = 
𝐗  𝛍

𝐒
× √𝐧 

Where; 

                                        S = 
Ʃ (𝐗 𝐗𝟐)

𝐧 𝟏
 

 
Diagrammatic presentation 

One of the most convincing and appealing ways in which statistical result may present is through diagrams. Diagrams are 
extremely useful because of the following reasons. 

1) They give a bird’s eye view and therefore, the information presented is easily understood. 
2) They are attractive to eye. 
3) They have a great memorizing effect. 
4) They facilitate comparisons of data. 

 
This was due to above reasons in the present study diagrams evolved from the data were used for the interpretations of finding 

bar diagram were preferred because of simplicity, clarity, occurrence and easy reading.    
 
Bar graphs 

Bar graph is the most common type of diagram used in practice. It was used to compare the sensory quality of the different 
products developed and also the relative amount of the nutrient content possessed by the most acceptable products. A bar is a thick 
line whose width is shown merely for attention. They are called one dimensional because it is the length that only matters not the 
width (Gupta, 2004). 
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RESULTS AND DISCUSSION 
Anemia is very prevalent among girls which are on vegetarian diets which inhibits the absorption of iron but still there are 

many sources Lotus stem (Nelumbo nucifera), Cauliflower (Brassica oleracea) which can be used as iron source and available at 
low cost.  

 
3.1 Nutritional Analysis of Lotus Stem Flour 

Dried powder of lotus stem was analyzed for moisture, ash, protein, fat, crude fibre, carbohydrates and iron. The results has 
been presented. Shows in table 1 

 
Table 1 (a) Proximate Composition of Lotus Stem Flour 

Nutrients 
(g/100gm) 

Moisture Ash Protein Fat Crude Fiber CHO Iron 
(mg/100g) 

Lotus Stem 
Flour 

10.5±0.84 8.7±0.36 5.3±0.76 2.6±0.65 33.91±0.54 38.99±0.54 102.41±0.51 

 
3.1.1Moisture  

The moisture content of lotus stem flour was found to be 10.5±0.84 g/100g.  
3.1.2Ash 

The result reveals that the ash content was found to be 8.7±0.36 g/100g in Lotus stem flour. 
3.1.3Protein 

The protein content of lotus stem flour was found to be 5.3±0.76 g/100g.  
3.1.4Fat 

The fat content of lotus stem flour was found to be 2.6±0.65g/100g.  
3.1.5 Crude Fibre 

The crude fibre content of lotus stem flour was found to be 33.91±0.54g/100g.  
3.1.6 Total CHO 

The total CHO content of lotus stem flour was found to be 38.99±0.54g/100g.  
3.1.7 Iron 

The content of iron in lotus stem flour was found to be 102.41±0.51mg/100g. 
 
3.2Nutritional Analysis of Cauliflower flour 

Dried powder of cauliflower were analyzed for moisture, ash, protein, fat, crude fibre, carbohydrates and iron. The results has 
been presented in figure 2 

 
Table 2 Proximate Composition of Cauliflower Flour 

Nutrients 
(g/100gm) 

Moisture Ash Protein Fat Crude 
Fiber 

CHO Iron 
(mg/100g) 

Cauliflower 
Flour 

6.12±0.11 6.7±0.21 7.7±0.14 1±0.26 7.8±0.20 34.5±0.09 128±1.23 

3.2.1 Moisture 
The content of moisture was found to be 6.12±0.11g/100g.  

3.2.2 Ash 
The content of ash was found to be 6.7±0.21g/100g. 

3.2.3 Protein 
The content of protein was found to be 7.7±1.14g/100g.  

3.2.4 Fat 
The content of fat in cauliflower flour was found to be 1±0.26 g/100g.  

3.2.5 Crude Fibre 
The content of crude fibre in cauliflower flour was found to be 7.8±0.20 g/100g. 

3.2.6 Total CHO 
The content of total CHO in cauliflower flour was found to be 34.5±0.09g/100g. 

3.2.7 Iron 
The content of iron in cauliflower flour was found to be 128±1.23 g/100g.  
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Cauliflower has been recognized as a good source of vegetable fiber which helps to reduce high cholesterol levels thus helping in the 
prevention of atherosclerosis. It can also help in keeping blood sugar levels under control and increase the hemoglobin level. It is an 
excellent vegetable for people with diabetes. 
 

According to Szczesniak et al., 1963; Yonggui and Weixen, 2011, In the world market, as potato chips remains popular, it is 
envisaged that lotus stem has find its way as a healthy vegetable. Lotus stem has been prove to be the best source for the anemic 
patients. According to NAERLS, 2010, the seed is rich in protein and the protein has disable amino acid profile with good nutritional 
value similar to soybean. It is rich in iron and proves to be good for anemic patients. 
 
Impact of Intervention on Hemoglobin Status of girls (20-24 yrs) 

Hemoglobin is the most satisfactory indicator to determine the presence of long-standing anemia. Table 1 illustrates that 
supplementation of iron fortified product (mathri) with ascorbic acid supplementation (lemon juice and amla) to one group and 
another group was supplemented with iron fortified product (mathri) with ascorbic acid supplementation (vitamin C tablet) got highest 
range among four groups. Supplementation of iron fortified product given in the form of mathri incorporated with Lotus stem flour 
and Cauliflower flour. Supplementation of ascorbic acid given in the two forms i.e. natural form as well as synthetic form. Natural 
form include lemon juice. On the other hand, Synthetic form includes vitamin C tablets.  
 
Table 3 Impact of Supplementation on Haemoglobin Level of girls (20-24 years) 

Groups 0 days 
 

15 days 
 

30 days 
 

45 days 
 

60 days 
 

Control 
group 
 

9 
 

9.13 
 

9.22 
 

9.32 
 

9.42 
 

IFWOAA 
 

9.1 
 

9.22 
 

9.33 
 

9.44 
 

9.55 
 

IFWFA 
 

9.05 
 

9.85 
 

10.17 
 

10.3 
 

10.91 
 

IFWLJ 
 

9.3 
 

9.78 
 

10 
 

10.17 
 

10.48 
 

IFWVCT 
 

9.15 
 

9.79 
 

9.99 
 

10.99 
 

11.9 
 

 
NOTE 
 IFWOAA (supplementation of iron fortified without ascorbic acid) 
 IFWFA (supplementation of iron fortified with fresh amla) 
 IFWLJ (supplementation of iron fortified with lemon juice) 
 IFWVCT (supplementation of iron fortified with vitamin C tablets) 

 
RESULTS OF SENSORY EVALUATION 

Sensory evaluation deals with measuring analysis interpreting the qualities of food as perceived by the sense of sight, taste 
and touch. 

 
In this section of study, sensory evaluation of the recipes was carried out using triangle test for selection of panel. 
 
Firstly, all the sensory evaluation was conducted by the semi- trained panel members to assess the sensory attribute of 

different products. The 9-Point Hedonic Rating Scale was used. The following attributes were selected for hedonic rating test: 
1. Appearance 
2. Aroma/Flavor 
3. Taste 
4. Texture 
5. Color 
6. After taste 
7. Overall acceptability 
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The data obtained by sensory evaluation were quantified by calculating the mean, standard deviation of the scores. 
 

PRODUCT DEVELOPMENT 
In the present study, four recipes (Mathri and ladoo) were developed with variations in each recipes. There was standard (S) 

and its two variations were made by incorporating Composite flour with the concentration of 2% and 3% assigned as (A and B) 
respectively.  
 
TABLE 4: Acceptability Evaluation of Food Product Incorporated with Composite Flour (Lotus stem and Cauliflower) in 
Mathri 

Attributes Standard A (2%) B (3%) 

Appearance 8.53±0.51 7.93±0.59 7.46±0.63 

Taste 8.53±0.63 7.93±0.70 7.33±0.89 

Texture 8.2±0.67 8.0±0.79 7.2±0.067 
Color 7.73±1.03 7.26±0.96 7±1.00 
Flavor 8.73±0.45 7.6±0.63 7.4±0.98 
After taste 8.53±0.51 7.4±0.51 6.8±1.12 

Overall acceptability 8.46±0.51 7.4±0.45a 7.7±0.50ns 

a = significant difference 
ns = no significant difference 
 

Data is reported as MEAN±SD group of fifteen panels each. All test recipes groups (A 2% and B 3%) compared to standard 
recipes. 

 
The product was made from composite flour of Lotus stem and Cauliflower. 
 
Mathri were made with two concentrations i.e. 2%and 3% proportion and was compared with the standards. Table 4 revealed 

that Mean±SD for all the attributes (Appearance, Color, Flavor, Taste, after taste, Texture and Overall Acceptability) lies between 
(7.46±0.63 to 8.53±0.5). The products showed good results as compared to standard. The product A (2%) was acceptable as compared 
to standard. The products A (2%) significant difference (p<0.05) compared to the standard. On the basis of overall acceptability 
samples, A (2%) was more acceptable as shown in table 5. 
 
TABLE 5 KEY FOR MATHRI 

S.NO. Forms of Mathri Concentration of Composite flour 

1. Mathri Standard - 

2. Composite flour (Lotus stem, Cauliflower). 2% 
3. Composite flour (Lotus stem, Cauliflower). 3% 

 
TABLE 6: Acceptability Evaluation of Food Product Incorporated with Composite Flour (Lotus stem and Cauliflower) in 
Ladoo 

Attributes Standard A (2%) B (3%) 

Appearance 8.4±0.63 8.4±0.73 7.8±1.08 

Taste 7.86±0.83 7.6±0.89 7.4±0.82 

Texture 8.46±0.63 7.6±0.63 7.3±1.04 

Color 8.4±0.74 8.2±0.45 7.9±0.79 

Flavor 8±0.84 7.8±0.94 7.7±0.79 

 After taste 8.46±0.74 7.66±0.72 7.2±0.67 

Overall acceptability 8.33±0.81 7.66±0.72a 7.2±0.70a 

a = significant difference 
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ns = no significant difference Data is reported as MEAN±SD group of fifteen panels each. All test recipes groups (A 2% and B 3%) 
compared to standard recipes. 
 

The product was made from composite flour of Lotus stem and Cauliflower. 
 
Ladoo were made with two concentrations i.e. 2%and 3% proportion and was compared with the standards. Table 6 revealed 

that Mean±SD for all the attributes(Appearance, Colour, Flavour, Taste, after taste, Texture and overall Acceptability)lies between 
(7.8±1.08) to (8.4±0.73). The product showed good results as compared to standard. The product A (2%) was acceptable as compared 
to standard. The products A (2%) showed significant difference (p<0.05) compared to the standard. On the basis of overall 
acceptability samples A (2%) was more acceptable as shown in table 7. 
 
TABLE 7 KEY FOR LADOO 

S.NO. Forms of Ladoo Concentration of Composite flour 

1. Ladoo Standard - 

2. Composite flour (Lotus stem, Cauliflower). 2% 

3. Composite flour (Lotus stem, Cauliflower). 3% 
 
SUMMARY AND CONCLUSIONS 

Iron deficiency and iron deficiency anemia are serious and widespread public health problems. Their global scale and 
magnitude, combined with their damaging physiological socioeconomic effects, require the urgent adoption of known and effective 
measures to tackle this critical problem.  
 

With the knowledge that the intake of foods rich in iron increase hemoglobin concentration and reduce the prevalence of 
anemia significantly, much focus has been placed on iron fortification and supplementation programs rather than on increasing food 
consumption and improving and diversifying diets. Food-based approaches aim to improve nutrition through increasing the 
availability and consumption of a nutritionally adequate and micronutrient rich diet made up from a variety of available foods. 

 
Food-based approaches are recognized as an essential part of an urgently needed more comprehensive strategy to combat iron 

and other micronutrient deficiencies. As food-based strategies aim to improve the quality of the overall diet by increasing the 
availability and consumption of a wider range of foods, they address multiple nutrient deficiencies simultaneously. By so doing, food-
based strategies are preventive, cost-effective, and sustainable. They also encourage popular demand for safe, wholesome food, and 
foster the development of sustainable agriculture that has positive knock-on effects for the rural economy.  

 
Food fortification and food-based approaches are recommended as strategies to prevent IDA in populations where there is 

mild and clustered deficiency, such as in industrialized countries. A food-based approach focuses on the underlying cause of the 
deficiency and provides the most sustainable solution; promoting consumption of available iron-rich food sources or introducing 
techniques to improve the iron bioavailability of existing food sources. Educational and communication strategies that accompany 
food-based approaches are important because they can further consumers’ understanding of the association between food consumed 
and nutritional status. Communication strategies are effective because they create a demand for and increased consumption of 
available iron-rich food, since improving access to iron-rich food alone is unlikely to improve intake.  

 
The major approaches to controlling IDA, which are not mutually exclusive, are medicinal supplementation with iron and 

food-based approach, i.e., dietary diversification and fortification of food. Finally, food-based approaches promote the importance of 
diet diversity. The facilitating effect of vitamin C on iron absorption from a complete diet is far less pronounced than that from single 
meals.  

 
Vitamin C consumption higher than RDA enhances the immune system and decreases the risk of DNA damage. Vitamin C 

greater than 400 mg/ day can improve protection against oxidative stress, certain cancers, degenerative and chronic diseases. 
Consequently, even if vitamin C requirements vary greatly among individuals, it is suggested that vitamin C supplementation is not 
only safe but also necessary to achieve optimal health.  

 
Some studies have shown the direct effect of iron or iron folic acid (IFA) supplementation on hematological profile among 

the girls. But these all strategies were based on medicinal iron supplementation. Only one or two studies were found based on iron 
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food based supplementation with the positive results. Hence, still there was a need to spread more emphases on the real nutrition, i.e. 
food based supplementation and then to evaluate its effect on the anemia. 

 
The present study was conducted at college going girls (20-24 yrs) were selected in IFTM College, Moradabad. First, the 

girls from the IFTM Moradabad were informed and after taking the permission from the higher authority and their parents the 
informed consent was obtained from every girl who was willingly interested. Then on the basis of their Hb level (Sahli’s method) they 
were randomly divided into four groups:  

1) Control group (no supplementation) 
2) IFWOAA (supplementation of iron fortified without ascorbic acid) 
3) IFWFA (supplementation of iron fortified with fresh amla) 
4) IFWLJ (supplementation of iron fortified with lemon juice) 
5) IFWVCT (supplementation of iron fortified with vitamin C tablets) 

 
The base line data regarding the Hb levels was successfully collected. The prevalence of anemia was ascertained in the study 

group. For the iron food-based supplementation iron rich food ingredients such as lotus stem and cauliflower were selected and were 
incorporated in the recipes in the form of powders (flours). After conducting the sensory evaluation one recipe (mathri) 50 gm was 
selected for supplementation as it found more acceptable by keeping in mind that they have long shelf life and being snack they will 
not interfere with the meal consumption, along with 500 mg ascorbic acid sources (lemon juice, amla and vitamin C tablets) The 
subjects of four out of three groups (IFWOAA, IFWLJ, IFWFA and IFWVCT) were supplemented for 60 days (supervised). Post 
supplemented data was collected at the end of the supplementation in order to assess the impact on Hb levels.  

 
In the present study, product development was carried out. Different products namely laddu and mathri were prepared by 

incorporating flours of lotus stem and cauliflower. 
 

          The summary of the results is presented below: 
 Supplementation of Mathri with lemon juice and vitamin C tablets (limcee) resulted in an increase in hemoglobin status of girls 

(20-24 yrs). 
 Though all products were rich source of energy, carbohydrates, but protein were found rich in mathri. Iron is rich in laddu. 
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