Preventing iron deficiency anemia: Evaluation of amaranth grain supplementation to 24.0-59.9 month old children in southern Ethiopia, a randomized controlled trial 
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[bookmark: _Toc471130462]Summary
Introduction: Malnutrition is a public health problem in Ethiopia. Malnutrition can affect children’s cognitive, behavioral and motor development. Further, healthy development and educational achievement can be compromised due to micronutrient deficiencies including iron deficiency. Different studies show that amaranth grain has better levels of macro and micronutrients especially iron to address the widespread malnutrition problem than other frequently used crops. This useful plant is widely grown in the research area, but it considered as a weed rather than a food crop by the community. Furthermore, adequate research has not been conducted in Ethiopia on amaranth’s potential to contribute in reducing the malnutrition problem. This research is initiated to look at amaranth and its potential in reducing iron deficiency anemia among children. The research will inform the public at large, policy makers and the academicians as it deals with an underutilized nutritious crop that has the potential to contribute to reduce the malnutrition problem in the country. 
Objective: To assess the iron deficiency status of children and to evaluate the effect of an amaranth containing bread consumption on the anthropometry and iron deficiency status of children in the age of 24.0-59.9 months. 
Methodology: A cross sectional study and a randomized controlled trial will be done. For the survey, random sampling will be used to select 340 children. Hemoglobin, serum ferritin, C- reactive protein and anthropometric measurements will be taken and used as the baseline data for the experimental study. In the randomized controlled trial, 100 children with hemoglobin level of less than 11 mg /dl and above 7 mg/dl (mild and moderate anemia) will be recruited into the trial after informed consent. Severely ill individuals will be referred to Hawassa Referal Hospital. Kebele-stratified simple random sampling will ensure 1:1 allocation to each group. Sequentially numbered, opaque, sealed envelopes will be used to assure concealment of allocation. The study subjects and parents (other caregivers in the absence of parents) will be kept uniformed about the trial allocation. Statistical analysis will be done using the latest SPSS version and ENA for SMART software. The survey will present descriptive statistics including frequencies, means, ranges and demographic characteristics of the population. The trial will be analyzed according to the intention-to-treat principles using logistic crude and site adjusted regression models with a mean difference in Hemoglobin as the primary outcome measure. 
Conclusion: This research project has the potential to be hypothesis generating and will inform policy makers and scientists about amaranth’s potential to combat malnutrition specifically iron deficiency in the area. 
Keyword: Amaranth, anthropometry, iron deficiency anemia  
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[bookmark: _Toc471130464]1. Introduction 
[bookmark: _Toc471130465]1.1. Background

Ethiopia is one of the developing countries in the world where children and their mothers suffer most from poor health and nutrition. Malnutrition is the leading cause of death among children aged under 5 years in Ethiopia (1). The country is challenged with the highest rates of stunting and underweight in the world. The recent Ethiopian Demographic Health Survey (2) reported that almost half (44%) of Ethiopian children under five years of age were stunted (an indication of chronic malnutrition) and close to one in four (21%) were severely stunted. 10% of children under five years are wasted (an indication of acute malnutrition) which is considered a high prevalence according to WHO’s classification system (3).

Micronutrient deficiency is a major contributor to childhood morbidity and mortality in Ethiopia. Iron, Iodine, vitamin A and zinc are recognized as ‘‘problem nutrients’’. Anemia is one of the major public health problems in Ethiopia. According to available information it is indicated that about 44% of children under five years are anemic in Ethiopia (4, 5). The World Health Organization (WHO) considers anemia prevalence over 40 percent in a population to be a major public health problem. Low iron intake in children is associated with increased morbidity and mortality as well as limited physical and cognitive development. IDA can result in compromised cognitive, behavioral and motor development as well as sub-optimal educational achievement (6, 7). Inadequate iron intake is responsible for more than half of anemia cases as diets consisting of mostly staple food dominated by starchy cereals are common for most of the poor people in Ethiopia. The diets are typically low in lipids, protein, vitamins and minerals (2, 6). 
Iron is one of essential micronutrient required largely for children aged 2 to 5 years of age. An intake of 7-10 mg of iron is the recommended daily intake, children should consume via iron-rich foods. The available data in Ethiopia indicates that the majority of children are not consuming iron-rich foods. Only 5 percent of children consume meat, fish or poultry, which are bio-available, iron rich foods (2). A study among school-aged children from west Ethiopia found an anemia prevalence of out 43.7% of which 37.4% was Iron Deficiency Anemia (IDA) which was associated with not-consuming protein source foods, dairy products, and discretionary calories (5). The other predictors of IDA were not-consuming dairy products, not-consuming discretionary calories, low family income and parasitic infections (5). 

There are different methods to solve the problem of iron deficiency such as food fortification and supplementation. Iron supplementation of pregnant women, which address a limited number of women is the only IDA intervention currently implemented in Ethiopia including the research area to combat iron deficiency anemia. An increasing number of studies reported that iron supplementation intervention increases morbidity and causes unfavorable shifts in the gut microbial composition along with an increase in intestinal inflammation, particularly in children with a high infectious disease burden (8). Additionally, food fortification and supplementation is expensive and cannot be afforded by the majority of the poor Ethiopian population. Supplementation has so far not shown to be a sustainable solution to prevent iron deficiency at group level. Amaranth contains protein and micronutrient of unusually higher amount than staple cereals (9). Amaranth grain contains twice the level of calcium than in milk, five times the level of iron in wheat, higher potassium, phosphorous and vitamins A, E and folic acid than cereal grains. It can be cultivated for both its seeds, which are used as a grain and its leaves which are used as vegetables (9, 10).
Even though amaranth contains quality amino-acids, high iron and other micro-nutrients, it also has a high concentration of phytic acid that can reduce the bio-availability of iron. A recent study from Kenya (10) indicated that amaranth has no effect on the iron status of children due to high phytate to iron ratio. However, research conducted in Ethiopia and Kenya showed that homemade processing such as soaking and germination of the grain amaranth could reduce phytate to an acceptable phytate to iron ratio level that can contribute to increased bio-availability of iron (11, 12). 
Amaranth is producing cereal like gluten-free seeds, which has an outstanding agronomic performance owing to its resistance to drought, hot climate and pests. It can grow in all-weather conditions specially the place where maize can grow. It also gives higher yields than maize. It doesn’t require high nitrogen like maize but responds well to fertilization. Amaranth produce a large amount of biomass in a short period of time and therefore has the potential to contribute a substantial increase in world food production grain yields (13).
1.2. [bookmark: _Toc471130466] Statement of the problem

Anemia is a global health problem. Iron deficiency is the most common micronutrient deficiency (MND) worldwide and most common in developing countries which lead to microcytic anemia. Anemia is a major public health problem in Ethiopia and it is more common among groups with low socio economic status (6, 14).The major cause for IDA is insufficient dietary iron intake, compounded by high incidence of malaria and other parasitic diseases. Ethiopian diet is mainly composed of cereals (maize, sorghum), tubers and root crops (ensete, potatoes, and sweet potatoes) which are low in iron and other micronutrients(15). Despite a large livestock population, the food supply of animal products such as meat is very limited and consumption of these products is especially low in rural areas because it is expensive. Thus, there is a need to find other sustainable contributors to the diet that can improve the nutritional status of children. Therefore, this study aims to evaluate the effect of processed amaranth grain recipes consumption to reduce iron deficiency anemia and improve anthropometric status among children in southern Ethiopia.
1.3. [bookmark: _Toc471130467] Study justification

The grain amaranth has the better level of nutrients and it could be a better choice to use for food formulation (16, 17) at the household level and at factories than maize. Amaranth is draught resistant, can be grown in almost all parts of the country and has the ability to give more yield than maize and other staple crops in the area. So amaranth is one alternative to address the widespread protein and micronutrient deficiencies with low cost (18). 
Even though this prospective crop is widely grown in Ethiopia, it is not used as a food and food supplement; rather it is considered a useless weed. Therefore, this research will create new insight in amaranth’s ability to reduce malnutrition, specifically iron deficiency anemia. It also tests out a low cost iron rich recipe relevant for the Ethiopian society that cannot afford fortified foods or animal products.
2. [bookmark: _Toc471130468]Aim
To reduce iron deficiency anemia in children 24.0 up to 59.9 months of age by using amaranth grain in southern Ethiopia.  
[bookmark: _Toc471130469]2.1. Research questions:
1. What is the prevalence of iron deficiency anemia defined as Hemoglobin below 11mg/dl and serum ferritin below 12µg/L among children from 24.0 to 59.9 months of age in southern Ethiopia?
2. Does consumption of 150 mg bread daily containing 70 mass percentage amaranth grain increases mean hemoglobin level by 0.7mg/dl among children 24.0-59.9 months of age compared to equivalent amount of 100 percent maize bread in southern Ethiopia?
3. Is Amaranth grain culturally acceptable and how is the policy direction towards amaranth grain to use as staple food in Ethiopia? 
[bookmark: _Toc471130470]2.2. Hypothesis of this study 

HO: Feeding 150gm of bread containing 70 mass percentage amaranth grain and 30 mass percentage chickpea per day for mild and moderate anemic children 24.0 up to 59.9 months of age for 6 months will not increase the mean hemoglobin level by 0.7g/dl compared to 150gm of 100 percent Maize containing bread in Tulla sub city southern Ethiopia.
HA: Feeding 150gm of bread containing 70 mass percentage amaranth grain and 30 mass percentage chickpea per day  for mild and moderate anemic children 24.0 up to 59.9 months of age for 6 month will increase the mean hemoglobin level by 0.7g/dl compared to 150gm of 100 percent maize bread in Tula sub city ,southern Ethiopia.
3. [bookmark: _Toc471130471]PICO

P- Children aged 24.0 -59.9 months in southern Ethiopia, Tulla sub city, with mild and moderate anemia
I - Daily feeding of 150g bread containing 70 mass % amaranth grain and 30 mass % mashed chickpea
C -Daily feeding of 150g bread containing 100% maize
O- Change in hemoglobin level, change in ferritin status, changes in anthropometric status.
The research questions will be answered in three subsequent papers and the general and specific objectives are given below for the three papers.
3.1. [bookmark: _Toc471130472]General objective one 

To estimate the prevalence of iron deficiency anemia in children age 24.0-59.9 month in Tulla sub city, South Ethiopia.
Specific objective
1. To describe the distribution of hemoglobin levels among children 24.0-59.9 months of age in Tulla sub-city South Ethiopia  including mean, median, ranges and 95 % confidence intervals (95% CI) and percentage of children falling under the category of mild and moderate anemia.
2. To describe the distribution of  ferittin levels of children 24.0-59.9 months of age in Tulla sub city south Ethiopia including mean, median, ranges and 95 % confidence intervals (95% CI) and determine the percentage of children who are mild- and moderate anemic with low ferritin levels.
3. To describe the anthropometric indices of children 24-59 month of age in Tulla sub city south Ethiopia 
4. To assess amaranth acceptability and policy direction in Tulla sub city south Ethiopia.
3.2. [bookmark: _Toc471130473] General objective two

To evaluate if feeding children with either 150gm bread containing 70mass% amaranth grain and 30mass% chickpea per day for 6 month will increase the hemoglobin level of mild and moderate anemic children 24.0 up to59.9 months of age by 0.7g/dl compared with children in equivalent amount of 100% maize bread in Tulla sub city south Ethiopia .
Specific objective

1. To compare the hemoglobin values in children receiving amaranth grain containing bread and children receiving maize bread in Tulla sub city South Ethiopia. 
2. To compare the ferritin values in children receiving amaranth grain containing bread with children receiving maize bread in Tulla sub city south Ethiopia.
3. To compare the anthropometry indices in children receiving amaranth grain containing bread with children receiving maize bread in Tulla sub city south Ethiopia. 
4. To compare incidence of childhood illness in children receiving amaranth grain containing bread with children maize bread in Tulla sub city south Ethiopia. 
5. To compare cost effectiveness of amaranth containing bread on the prevention of iron deficiency anemia in Tulla sub city south Ethiopia 
6. To compare compliance and adherence of mother between amaranth containing bread and maize bread groups.
4. [bookmark: _Toc471130474]Method
[bookmark: _Toc471130475]4.1. Study Area

Ethiopia is a large, country in Eastern Africa with a population of over 90 millions. More than 80% of its population live in the countryside and make their living through traditional agricultural practices. The proposed research will be conducted in the southern part of Ethiopia in Hawassa city administration, Tulla sub city. The city is located 270 km from Addis Abeba, the capital city of Ethiopia. Currently Hawassa city consists of 8 sub cities and 32 villages/Kebelles each having its own administration offices.Tulla sub citiy is on e of the sub city of Hawassa city administration. Most part of the Tulla sub city is rural, the current projected total population of Hawassa city is 328 thousand, of this 169 thousand are males and 159 thousand are females. The estimated numbers of the households are 70 thousand. 51 thousand are children under five years. 46 thousand are aged 24-59 months. Annual average temperature is 12-270C and the annual average rain fall is 500-1800 mm. The main crops produced in the area that maize, hallicot beans and Irish potatos. Amaranth is growing as a wild plant in most areas of Tulla sub city and the leave part is used by the community as a vegetable. 
4.2. [bookmark: _Toc471130476] Study population

The source population of this study will be children aged 24-59 months of age residing in Tulla sub-city of Hawassa city administration. Tulla sub city is divided in to 8 kebelles. From this kebelle Cheffe cote jebesa and Gara riketa will be purposively select for the project site because they are near to the city, has transport accesses and amaranth grows widely in the area as wild plant.
4.3. [bookmark: _Toc471130477]Study period

The proposed study period will be from month 12 2016 to month 3 2017.
4.4. [bookmark: _Toc471130478]Study subject 24.0 months – 59.9 months of age child who live in Tulla sub city southern Ethiopia.
4.5. [bookmark: _Toc471130479] Sample Size

The base line data (survey part) will be used as a basis for the trial part. After completing the survey part the trial sample will be recruited from the survey study participants, in this way the survey will be providing the baseline data for the trial. The survey sample size will be 340 considering a need for 100 trial participants, 33% of mild and moderate anemia prevalence in south Ethiopia, 0.5 degree of precision and 95% confidence intervals. The survey sample size may be increased till the numbers of eligible individuals are identified for the trial if anemia is less prevalent than 33%.
The sample size of the trial is calculated by using Stata I.C. 14 software using the sample size command, considering 0.7 mean difference,1 standard deviation, power 90% and attrition rate 12% the total sample size will be 99 (100) in the two groups. The total sample will be divided in to the amarnth70%/chickpea30% versus the maize 100% groups. Thus it will be 50 in the amaranth/chickpea group and 50 in the maize group (2).



4.6. [bookmark: _Toc471130480] Participants

The target population of this study is children 24.0-59.9 months of age with mild and moderate anemia in Tulla sub-city, southern Ethiopia. Below is described the inclusion and exclusion criteria of the trial participants.
4.7. [bookmark: _Toc471130481] Inclusion criteria

· Children 24 months up to 59 months 
· Children with hemoglobin level 7 to <11 mg/dl
· Currently residing in the study area, Tulla sub-city of Hawassa city administration, having lived in the study area for at least 6 month prior to the study and who are planning to continue to be there for the next 1 year. 
· Guardians provide informed consent and the children ascent. 
4.8. [bookmark: _Toc471130482]Exclusion criteria

· Children with chronic illness like HIVAIDS, tuberculosis, cancer and any other unspecified chronic illness
· Severely malnourished children < -3 Z score 
· Children who are taking iron supplements 
· Children who got a blood transfusion in the last 6 months
· Children who are unable to collaborate (any somatic or mental disability making collaboration difficult more than expected for the age range)
· Children with repeated malaria who are diagnosed as positive for malaria at least 3 times the last 3 months 
· Any suspected hematological disease
4.9. [bookmark: _Toc471130483] Sampling Technique

All children age 24.0-54.0 months will be registered in the selected Kebelles. From the registered children 340 children will be select by using simple random selection for survey part.
After assessing Hgb, 100 children with mild and moderate anemia status will be included in the trial. The included children will be allocated randomly 1:1 to amaranth70% chickpea30% versus maize100% 150g daily bread. Single randomization stratified by Kebelle will be used.
Randomization will be done using random org sequence free soft ware. Researchers not involved in the field work in Hawassa University will provide the sequence; researchers at the partner institution UiB will provide the seed number.
4.10. [bookmark: _Toc471130484]The intervention

Eligible participants will be assigned randomly in to amaranth70% chilckpea30% versus maize100% 150mg daily bread groups. After randomization they will be given a card where it is stated their id-number and study participation. After assigning the participants to one of the two groups the respective 150 gm of the correct bread will be provided every day for 6 month in each group. The participants will be assigned to a ‘distributor’ who will be kept uninformed about the content of the bread he or she is distributing. 
The trial will be double blinded: it means that the one receiving the amaranth70%/chilckpea30% or maize100% bread, the one distributing it and the data collectors will be kept uninformed about the trial allocation. To make the color of both bread types similar, maize will be processed (roasted) to change the color (darker). Bread distributors will be different for amaranth70% chickpes30%group and the maize100% group. Both bread distributors will get the bread from coordinator and they will distribute separately according to the trial allocation.
4.11. [bookmark: _Toc471130485]Recipe, baking, packing and distribution

The recipe will be prepared based on the recommended dietary intake (RDA); according to RDA 150 gm of bread (70% amaranth with 30% chickpea) will provide approximately 50% of recommended amount of iron per day. The 70% of amaranth and 30 % chick pea bread will provide 15.16 mg of iron per 100 gm bread (11). So the bread will meet the daily iron requirement for amaranth70%/chickpea30% group by estimating the absorption of iron at 15% -20% (19). Both maize and amaranth grain flour will be prepared and packed separately. After packing each package will be labeled with a pre-printed sticker containing the id number. Two boxes per kebelle will be packet and labeled with the respective bread distributor name. In this way we ensure that the distributor gets the right box of bread and the participant the right bread. It will further be easy to keep track of ‘unopened’/’returned’ bread packages at the coordinator level every day in case of refusals or absenteeism. 
Amaranth will be soaked in water by adding 5 ml of lemon juice per 100ml of water for 24 hours and germinate for 72 hours. After sun drying it will be roasted and milled with a local electrical mill (11).This will decrease the phytate level and is expected to increase iron absorption in the gut. For the maize100% group the same size of bread which is prepared from roasted maize will be provided.
[bookmark: _Toc458356748]Both amaranth and maize bread will be made in separate local commercial bread making factories to decrease contamination or mixing of the bread. The bread will contain 5ml oil and 5ml sugar. The target daily intake of bread will be 150g for all children, considered to be an amount that they could comfortably consume in one session. The micronutrient and energy level is specified in Table 1below.
[bookmark: _Toc459903351]Table 1 Nutrient Content of Formulated Bread Compare to Maize Bread
	100g 
	Protein mg/100gm
	Fat mg/100gm
	Iron mg/100gm
	Calcium
mg/100gm 
	Zinc mg/100g
	Energy
K.cal 

	100%maize 
	7.58
	4.44
	4.31
	24.82
	2.47
	386

	70%amaranth and 30% c.pea
	16.39
	7.08
	15.16
	244.71
	2.59
	404
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[bookmark: _Toc459903349]Figure 2 Steps of homemade amaranth processing 
4.12. [bookmark: _Toc471130486]Study variables
The primary outcome measure of this study will is hemoglobin of children and serum ferritin. The secondary outcomes are anthropometry measures (height/length, weight and mid-upper-arm circumference) (anthropometric z- scores will be derived based on WHO growth standards 2006 (give reference)), conjunctiva pallor and child morbidity pattern including hospitalization, diarrhea, cough and fever (type, frequency, duration and symptoms of illnesses). Potential effect modifiers and confounders will be captured to describe the population and look at the successfulness of randomization (sex, education level, occupation and income), dietary practices (number of meals and frequency of food consumption) including use of amaranth in the diet and type of staple foods.
4.13. [bookmark: _Toc471130487] Statistical methods

Data will be entered in to epidata.dk and transferred in to SPSS (version 20.0) software for analysis. ENA for SMART software will be used to convert anthropometric data (weight, height) to z-scores and percent of the median in terms of wasting, underweight and stunting. Data on hemoglobin and serum ferritin levels will be described by using descriptive statistics (mean and percentages) and will be summarized by using tables and figures.
Data on dietary practices, nutritional status, morbidity patterns and serum levels will be described by using descriptive statistics (mean and percentages) and will be summarized by using tables and figures. The descriptive variables will be presented by arm to assess successfulness of the randomization and to describe the study population. Intention to treat analysis using logistic analysis for the main trial outcome hemoglobin will be done and adjustment will only be done for skewed and potentially confounding factors. 
Further, descriptive statistics including morbidity prevalence and dietary practices and food diversity will be described from the survey. The relationships between variables such as sex and type of illness which are categorical in nature will be established by using chi-square. Paired t - test will be used to determine if there is a significant difference between the dietary practices (number of meals, diet diversity score), nutritional status, morbidity patterns (frequency and duration of illness), mean hemoglobin level and serum ferritin levels. Simple regression analysis will be used to determine the contribution of dietary practices and morbidity patterns to nutritional status hemoglobin and serum ferretin levels. Multiple regression analysis will be used to determine the extent to which dietary practices and morbidity patterns predict hemoglobin serum ferritin and nutritional status. 
4.14. [bookmark: _Toc471130488]Pre-testing of data collection tools

The pre-testing samples will include10 caregivers of children under five. The sample will be from the study area but not targeted for the main study. After pre-testing, questions will be edited based on information and the tools will be adjusted accordingly.
[bookmark: _Toc459903353]Table 4 Trial Schedule
	 
	Month 1
	Month 2
	Month 3
	Month4
	Month 5
	Month 6
	Month 7
	Month 8

	Preparation 
	
	
	
	
	
	
	
	

	Grain collection
	X
	
	
	
	
	
	
	

	Flour preparation 
	X
	
	
	
	
	
	
	

	Data collectors training 
	X
	
	
	
	
	
	
	

	Pre testing 
	X
	
	
	
	
	
	
	

	Census (children registration) 
	
	X
	
	
	
	
	
	

	Informed consent
	
	X
	
	
	
	
	
	

	Survey 
	
	X
	
	
	
	
	
	

	Socio demographic data
	
	X
	
	
	
	
	
	

	Haemoglobin level 
	
	X
	
	X
	             X
	
	X
	X

	CRP
	
	X
	
	
	            X
	
	
	X

	Serum ferritin
	
	X
	
	
	
	
	
	X

	Anthropometry measure 
	
	X
	
	
	              X
	
	
	X

	Clinical examination 
	
	X
	
	
	              X
	
	
	X

	Illness history 
	
	X
	
	
	              X
	
	
	X

	Trial 
	
	
	
	
	
	
	
	

	Eligibility of child 
	
	
	X
	
	
	
	
	

	Randomization 
	
	
	X
	
	
	
	
	

	 Deworming 
	
	
	X
	
	              X
	
	
	

	Feeding with bread 
	
	
	Every day 

	Follow up visit
	
	
	
	
	
	
	
	

	Clinical assessment 
	
	
	  
Monthly 

	Illness history 
	
	
	

	Food frequency data 
	
	
	

	Compliance and adherence
	
	
	
	
	
	
	
	X



5. [bookmark: _Toc471130489]Purpose and potential of the study

The purpose of the study is to contribute a valuable input for the next or upcoming five year growth and transformation strategic plan of the government on the prevention of malnutrition strategy in Ethiopia. Since half of the causes of child death are related with malnutrition, this study will show further direction to prevent malnutrition in Ethiopia by producing information for policy makers. The information from this study will provide a potential direction to formulate child formula in the factory and farmers in producing amaranth crop. So this research could create a good opportunity to promote the amaranth grain among the community. This will be one step to combat malnutrition and hunger in the area. It can also show us further needs to study the use of amaranth.
6. [bookmark: _Toc471130490]Ethical consideration

Since Amaranth is edible and has no toxicity effect (16-18, 20, 21) ethical clearance will be obtained from the Institution Ethical board of Hawassa University and Regional ethical community of Western Norway. The required data will be collected after getting official permission from Tulla sub city Health bureau. Informed written consent will be obtained from the study participants. Each respondent will be informed about the objective of the study. All record or information will be kept locked to use when it is needed. The person identification information will be kept separate from the data file for analysis and only completely anonymous data files will be uploaded for co-authors, reviewers and in a public repository. 
6.1. [bookmark: _Toc471130491]Individual advantage and disadvantage from the research

This trial is expected to contain no risk from the intervention. The 70%amaranth/30%chickpea bread group is expected to benefit to get a better nutritional status at the endpoint at the study and the 100% maize bread group is expected to benefit from a comparable caloric intervention but of lower micronutrient value. Even though there is strategic plan to reduce anemia at 2015 almost by half but there is no active program in the area to identify and supplement moderate and mild anemia cases. Moderate and mild anemia is asymptomatic they may not be diagnosed without laboratory. If the children are not participate in the study they may not get chance to be diagnosis as anemic, so to be diagnosis is one of the benefit which will create a chance to be treated at the end of the study or before the beginning of the study by refusing participation in the study. Sever anemia and seriously ill individual identified they will be referred to hospital. 
At the end of the study all children who participated in the study will receive iron supplementation. Every month physical examination will be done to control sever progression, if individual progressed to sever anemia they will be referred to hospital. At the mid of the study hemoglobin and ferretine level will be tested to control any harm that the study may cause on the child. Health education will be given every month during follow up this may help them how to keep their health and feeding style. Blood sample collection is an invasive procedure and it may cause discomfort and pain for children. The 5ml sampling three times is the minimum data collection we can do in order to get meaningful data. Even though it is invasive procedure the study will use standard precaution to prevent infection transmission by using an experienced professional laboratory technician. 
6.2. [bookmark: _Toc471130492] Advantage and disadvantage of the research for the community and society

There is no foreseen disadvantage to the community and society except increased driving, however, this latter point is believed to be relatively minimal. This research will benefit the community by providing information about potential advantages of amaranth. This information may stimulate the farmer to produce amaranth and which may help them to improve their household food needs and to generate income. At societal level the dissemination of the result will create awareness for policy makers to look at the hidden resource to fight hunger. Since amaranth is drought resistant and giving high yield compared to local staple crops it may be one of the solutions to fight hunger by promoting amaranth cultivation in Ethiopia. In the scientific society it will create new information concerning the unresolved question about the effect of amaranth on the prevention of iron deficiency. This research will look at processed amaranth to answer this uncertainty. To conclude, comparing the risks and benefits in this study the benefits is larger than the risks.
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340 children will be identified Using Simple random sampling 
The research area will be select purposively 



Hemoglobin, serum ferritin, anthropometry, socio demographic data will be assessed 
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Amaranth containing bread 150mg per day for 6 month 

Processed maize 150mg/day bread per day for 6 month 



Mean hemoglobin and anthropometry every 3 month and serum ferritin at the beginning and end of study (month 1 and 6) 

Mean hemoglobin and anthropometry every 3 month and serum ferritin at the beginning and end of study (month 1 and 6) 
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