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Abstract
In rural African towns such as Emali and the surrounding counties, deterioration
in food security is evident due to severe rainfall deficits over the last several years in
this semi-arid climate. The 2008-09 Kenyan Demographic and Health Survey (DHS)
indicated that 38% of preschoolers in the Emali region are chronically malnourished
defined by height-for-age Z scores <-2 SD. Malnutrition during childhood results in
increased morbidity, and impaired physical and mental development, which together
have a negative impact on health and productivity in adulthood.
In an effort to combat malnutrition among preschoolers, ChildFund began
supplying two daily meals to preschoolers attending their Early Childhood
Development Centres in Emali and surrounding counties in 2002. However, the
nutritional status of the preschoolers is unknown. Therefore, the objective of this study
was to assess the anthropometric and selected micronutrient status from fasting blood
samples of the 514 preschool children from 23 preschools, along with their
socioeconomic, health and hygiene characteristics. We also assessed and evaluated the
dietary adequacy of the school meals currently provided to the children by ChildFund,
which is assumed to provide the majority of energy and nutrients, for the purpose of
providing recommendations to enhance the energy and nutrient supply.
Of the preschoolers, 55% and 41% were from the Kamba and Maasai tribes,
respectively. Almost 50% of Maasai households were in the lowest wealth quintile, had
no education, or access to improved toilets compared to <2% of Kamba (P<0.001)
Among the Kamba children, the prevalence of stunting was higher compared to the
Maasai children (20 vs. 13%; P=0.027), whereas wasting was higher in the Maasai than
in the Kamba (6 vs 11%). Chronic infection affected at least 28% of the preschoolers in
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each tribe. The prevalence of anaemia was much higher in the Maasai (39%) than the
Kamba preschoolers (6%), most of which was attributed to iron deficiency based on
depleted iron stores and elevated tissue iron levels. Only 12% of the Maasai and 7% of
the Kamba children had zinc deficiency, and vitamin A deficiency was also low in both
tribes (<22%).
Each school supplied the children with two meals, UNIMIX, a fortified cornsoy blend porridge and Githeri, a traditional meal based on unrefined maize and kidney
beans. For the majority of children (3-5 year olds), the energy supplied by the school
meals met approximately 40-47% of their age- and sex-specific estimated energy
requirements. The median supply of iron, zinc, vitamin A, vitamin B6, folate, and
vitamin B12 for the combined meals either met or was above the RNI for children 4-6
years of age, indicating the supply was likely to be adequate. The supply of niacin and
thiamin were at a level between the EAR and RNI, while the remaining nutrients (i.e.,
vitamin C, calcium, riboflavin, and vitamin D) were all below the EAR for a child aged
4-6 years. There was marked variations in the energy and nutrient supply from the
meals across school, attributed to the varying thickness of the porridge (i.e., amount of
water used) as well as the portion sizes served to the children.
In conclusion, anemia together with chronic infection were highly prevalent
among the preschool children and stunting and wasting was of medium risk. The
current diets of the children were predominantly plant-based and lacked the energy and
many of the nutrients required for optimal growth and development. This study also
highlighted the need for standardised school meal recipes. In addition, dietary
diversification and modification strategies including the addition of animal protein, fruit
and vegetables to the school meals will serve to increase the energy and nutrient supply
to the children and improve their current nutritional status.
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Preface
This study was conducted at the Department of Human Nutrition, University of
Otago, Dunedin, New Zealand and supervised by Dr Lisa Houghton and Professor
Rosalind Gibson. This cross sectional study was the baseline assessment for an
ongoing collaborative project between the University of Otago, Dunedin, New Zealand,
Kenyatta University, Nairobi, Kenya and ChildFund New Zealand and Kenya. The
study was funded by New Zealand Aid Programme, Ministry of Foreign Affairs and
Trade.
Professor Rosalind Gibson and Dr Lisa Houghton were responsible for the
conception, overall design of the study and ethical approval, and for securing funding in
collaboration with Maria Bautista and Shona Jennings of ChildFund New Zealand.
The candidate was responsible for the following:


Recording and assisting Rosalind Gibson with anthropometric measurement of
children in the Kamba schools (Drs Lisa Houghton and Rachel Brown were
responsible for the anthrompetric measurement of children at Maasai schools).



Data entry of anthropometric, demographic and school meal recipe collection.



Data cleaning and checking with assistance from Beth Gray (Department of
Human Nutrition, University of Otago)



Statistical analysis and interpretation of results. Statistical advice was provided
by Dr Jill Haszard (Department of Human Nutrition, University of Otago) and
Dr Ian Gibson.



Assisting Dr Karl Bailey with the laboratory analysis of plasma zinc.
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Compilation of nutrient database for generation and subsequent calculation of
nutrient intakes from the weighed one-day school meal records collected from
18 preschools.



Creating a revised UNIMIX recipe and designing a visual instructional poster to
be used in the schools.



Presenting results from this study at the African Studies Association of
Australasia and the Pacific: 37th Annual Conference, Dunedin, New Zealand, 26
November 2014 (oral presentation).
In addition, the following significant study contributions should be noted: all

study questionnaires were translated into Kiswahili by Beth Gray. Child Fund Kenya
(Elizabeth Kamau, Emmanuel luyali, Martin K’ungu, Dustin Ndolo and Patrick
Mwanza) was responsible for the recruitment of participants and the overall
coordination of the survey. Professor Judith Kimywe was responsible for supervising
the students from Kenyatta University (Crippina Obura, Matilda Makungu, John
Macharia, Fridah Munene, Jacky Magolo, Benmark Nyaga), who conducted all
caregiver interviews and were also responsible data entry. Local health workers were
responsible for collecting the recipe information from the schools; and a local nurse and
phlebotomist at each school were responsible for the collection of blood samples.
Haemoglobin concentrations were determined by Drs Lisa Houghton and
Rachel Brown at the ChildFund office in Emali. Dr Jürgen Erhadt in Germany
undertook the analysis of CRP, AGP ferritin, soluble transferrin receptor and retinol
binding protein. Dr Karl Bailey was responsible for assessing plasma zinc and selenium
and for the food composition analysis of the beans, maize and UNIMIX samples.
Serum 25-hydroxyvitamin D was analysed by Michelle Harper (Department of Human
Nutrition, University of Otago).
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Anthropometric Z-scores of the children were calculated from raw measurement
data and age of child by Dr Ian Gibson using the WHO Anthroplus Programme and the
WHO Growth Reference Data. The wealth index based on a household’s ownership of
selected assets was calculated using principal components analysis by Dr Jill Haszard
(Department of Human Nutrition, University of Otago).
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Introduction
Globally, child mortality under age five has decreased by 49% since 1990,

although the under-five mortality remains insufficient to reach the Millennium
Development Goal (MDG) in 2015. In 2013, 6.3 million children died, equivalent to
nearly 17,000 children every day. The risk of a child dying before completing five
years of age is still highest in the sub-Saharan African region (UNICEF, 2014). In
Kenya, the under-five mortality rate was 71 per 1000 in 2013, far from achieving the
2015 target of 33 per 1000 (UNICEF, 2014).
Malnutrition is estimated to be the underlying factor for nearly half of the deaths
in children under five years old (WHO, 2014). Over 80% of Kenya’s landscape is arid
or semi-arid. Nevertheless the majority of Kenya’s population lives off this land,
growing crops and herding livestock to provide for their families (Langinger, 2011).
Frequent droughts in some areas reduce food production and increase food insecurity in
many families (Hansen et al., 2011). These food insecure families consume simple,
inexpensive plant-based meals with very little diversity and few animal products.
Moreover these meals lack energy and bioavailable micronutrients, which are
particularly important for young children who require a diverse diet for optimum
growth and development (Onyango, 2003).
Stunting, defined as low height for age, is an important measure of long term
undernutrition in childhood and affects 35% of under 5 year-old children in Kenya
(KNBS & ICF Macro, 2010). Stunting in children damages brain growth and limits
adult height. Poor brain development can reduce school achievement as well as limit
economic productivity in adulthood (Dewey & Begum, 2011). Reduced adult height
also negatively impacts the health of women, increasing the risk of maternal mortality
1

during delivery and poor foetal outcomes (Kelly et al., 1996). Stunted children grow up
to become impoverished adults, lacking not just food and money, but also lacking the
skills and information needed to raise the next generation to be healthier, more
educated, and to have a better future than their own, thus perpetuating the cycle
(UNICEF, 2000).
Although anthropometric measures are useful for assessing the overall
nutritional status of children, they are relatively insensitive and non-specific so
biochemical measurements of micronutrient status are also needed to pin-point specific
micronutrient deficiencies. Micronutrient biomarkers can be used to assess subclinical
deficiencies, and thus guide targeted intervention programmes to prevent more severe
deficiencies, and their adverse effects on health, and physical and cognitive
development. Among Kenyan children under 6 years old, 52% are anaemic, a condition
assumed to be due to low iron status, although other micronutrient deficiencies and
infections may also be implicated (Fishman et al., 2000). In the 1999 nationwide survey
in Kenya, 84% and 50% of children less than 6 years of age had low serum retinol and
zinc concentrations, respectively indicative of subclinical vitamin A and zinc deficiency
(Gok and UNICEF, 2002). There is a paucity of national level data on the prevalence of
subclinical infection in Kenya. However, parasitic diseases, including malaria, continue
to be a major factor contributing to iron and probably vitamin A deficiency among
Kenyan preschool children (Gok and UNICEF, 2002). Therefore, inclusion of
biomarkers for multiple micronutrients and infection are essential to provide both a
comprehensive assessment and understanding of the etiology of the micronutrient status
of Kenyan preschoolers.
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School feeding programmes are commonly used throughout Kenya to improve
the diets of young children, as well as providing an incentive for parents to send their
children to school (World Food Programme, 2010). In the Kenyan town of Emali, the
charitable organisation ChildFund provides two daily meals to preschool children
through their Early Childhood Development (ECD) centres. In order to make
recommendations for improving these school meals and for reducing the prevalence of
micronutrient deficiencies, where necessary, we conducted a baseline survey to assess
the adequacy of the current preschool meals and the anthropometric and micronutrient
status of the preschool children attending these ECD centres. The specific objectives of
the survey are itemized below.
1.2 Objectives
1) Assess the anthropometric and selected micronutrient status of the preschool
children, along with their socioeconomic, health and hygiene characteristics,
which may be factors contributing to their poor nutritional status.
2) Assess and evaluate the dietary adequacy of the meals currently supplied to
the preschool children by ChildFund.
3) Provide recommendations on how the school meals can be improved to meet
the energy and nutrient requirements of the preschool children.

3
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Literature Review

2.1 Introduction
Optimal nutrition is essential to the health and well-being of young, growing
children (Owuor & Mburu, 2010). Unfortunately stunting, a key indicator of
malnutrition in children, affects 31% of children in low and middle income countries,
and in Kenya this figure is 35% (Prentice et al., 2008; Owuor & Mburu, 2010).
Malnutrition is responsible for 35% of deaths in children under 5 years old and can
result in serious detrimental effects in adulthood (Prentice et al., 2008). Indeed,
malnutrition may be the most important cause of global disease and mortality, making
the understanding of causes of child malnutrition an essential step in reducing this
global burden.
This literature review provides an overview of Kenya, with a particular focus on
the counties of Makueni and Kajiado, and an emphasis on their current population,
agriculture, economy, health and anthropometric status of young children. In addition,
factors associated with malnutrition in children including both dietary and non-dietary
factors will be addressed.

2.2 Physical Features and Climate of Kenya and Makueni and Kajiado counties.
Kenya is an east African country which shares its borders with Ethiopia,
Somalia, Tanzania, Uganda and South Sudan (Opiyo, Omolo & Odubho, 2010). Its
south-eastern border is the Indian Ocean. The Kenyan landscape is diverse. Coastal
areas in the south east are swampy, eastern Kenya consists of low plains, and the west
contains the Great Rift Valley, a large ridge of mountains and hills which runs north to
south (Opiyo et al., 2010, The Columbia Electronic Encyclopaedia 2012). The Great
4

Rift Valley contains the highest peaks, including Mount Kenya, the highest mountain in
the country and the second highest in Africa. Kenya shares a border with Lake Victoria,
the largest freshwater lake in Africa, and also has several other lakes and rivers within
its borders (Opiyo et al., 2010).
Because the equator cuts right through the middle of Kenya, the whole country
experiences a tropical climate (Opiyo et al., 2010, Bowen n.d.). However, because of
the varied landscape in Kenya, the climate differs across the country. Coastal areas are
humid and experience temperature highs of around 30ºC, whereas the climate of the
lowland plains in the north and northeast is hotter and much drier, with highs of about
34ºC. The highland areas in the west have a more temperate climate because of the
altitude, with highs of 25ºC and lows around 10ºC (Bowen n.d.). Approximately 80%
of Kenya’s land is arid or semi-arid (Opiyo et al., 2010). Kenya experiences four
seasons; January to March is the dry season, followed by a long rainy season until May,
after which the long dry season begins, lasting until October. This is followed by a
short rainy season from October to December (Opiyo et al., 2010).
Previously Kenya was split into eight provinces; these provinces have now been
divided into 47 counties (Sabahi, 2013). The town of Emali is situated in the county of
Makueni, and on the border of the Kajiado County (Mutie, 2003). The southern area of
Makueni County is a low grassland area whereas northern parts are hillier, reaching
1900 meters above sea level. The county contains a number of natural resources
including forests, wildlife, minerals, rivers and pastures (Friends of America
Foundation, 2008). The Kajiado County covers a much larger area than Makueni and is
comparatively flatter and drier.
The climates of Makueni and Kajiado are similar to that of the rest of Kenya.
The hilly area of Makueni experiences more rain than the rest of the country. Kajiado
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and the low areas of Makueni have higher temperatures which contribute to frequent
droughts, particularly in recent years (Gachie, 2010). Climate change is beginning to
have serious implications in these counties as temperature increases are causing springs
in the region to dry up (Friends of America Foundation, 2008; Speranza et al., 2009).
The mean temperature ranges from 12.8ºC to 28ºC, whereas rainfall ranges from 150600 mm per year (KARI-McGill Food Security Project, 2013).

2.3 Population of Kenya overall and Makueni and Kajiado counties
Kenya now has a total population of over 43 million, a figure that has risen
dramatically from 10.9 million in 1969 (Opiyo et al., 2010; Gautam, 2000). However
the annual growth rate in Kenya is decreasing, from 3.4% in 1979-1989 to 2.9% in
2009. Fertility has also decreased and is currently 4.6 births per woman, although in the
late 1970s it was as high as 8.1 births per women (Opiyo et al., 2010). Kenya’s
population age structure is typical of that of other developing countries. Over 42% of
the population is under 15 years old, and 54.8% are aged between 15 and 65 years
(Index Mundi, 2013). Life expectancy in Kenya is currently 58 years for men and 61
years for women (WHO, 2012).
Almost all of Kenya’s population are of African descent, although within Kenya
there are about 40 different ethnic groups. Some of the major ethnic groups include
Kikuyu, Luo, Kalenjin and Kamba. Because of Kenya’s history as a British colony,
English is the official language, although Kiswahili is the national language (Opiyo et
al., 2010). About 80% of the population are Christian; other major religions are Muslim
and Hindu (The Columbia Electronic Encyclopaedia, 2012).
Makueni County has a population of over 884,000 people, of whom 49% are
male and 51% are female. The Makueni population is slightly younger than that of the
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rest of Kenya, with 43.7% being aged under 15 years old (KARI-McGill Food Security
Project, 2013). The major ethnic group in Makueni is the Kamba tribe (Speranza et al.,
2009).
The population of Kajiado County is approximately 755,000, and there are an
equal proportion of males and females in this county (Government of Kenya &
Ministry of Health, 2013). The county is most densely populated in the north where it
shares a border with the county of the capital city, Nairobi (NACC & UNAIDS, 2012).
The size and age distribution of the population of Kajiado country is similar to that of
the rest of Kenya, with about 42% of the population being under 15 years old. However
this varies greatly across the county and in some areas up to 50% of the population are
under 15 years old. In this county, the major ethnic group is the Maasai (Ngugi et al.,
2013).
The two counties are separated by a railway line which connects Nairobi, the
capital, with the city of Mombasa and its port on the east coast. Although the political
borders of the counties are relatively new, the railway line has served as a border
between the Maasai and Kamba tribes for over a century. The town of Emali, as well as
a number of other small towns, sits on this border. These border towns have helped to
encourage more interaction and inter-relationship between the two tribes (Mutie, 2003).
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2.4 Agriculture and economy of Kenya overall and Makueni and Kajiado counties
Agriculture is the major industry in Kenya, although its contribution to the
national gross domestic product (GDP) has been declining. From 1964 to 1979, 30% of
GDP came from the agriculture sector; however in 2008 this figure was only 23%
(Opiyo et al., 2010). The gross national income per capita in Kenya is $1,730 (WHO
2012). Common crops grown in the highlands include coffee, tea, maize, and wheat.
Crops commonly grown in the lowlands include coconuts, pineapples, cashew nuts,
cotton and sugarcane (The Columbia Electronic Encyclopaedia, 2012).
Agriculture is also an important source of export earnings for Kenya,
contributing to 60% of total export earnings (Gautam, 2000). Tea, coffee and
horticulture are the most profitable exports, accounting for 45% of export earnings
(Opiyo et al., 2010). Changes in international prices for these commodities greatly
affect the Kenyan economy. Kenya’s major trading partners are the United States,
United Kingdom, Uganda, and the United Arab Emirates. Agriculture also accounts for
about 75% of employment (The Columbia Electronic Encyclopaedia, 2012). The
majority of farmers earn very little, and own less than two hectares of land (Gautam,
2000).
The majority of farming by Kamba in the Makueni County is subsistence
farming. As a result, farmers grow enough food for themselves and their family with
very little left to sell or trade (Sabahi, 2013). Fruits such as mangoes, pawpaw, and
watermelon, as well as cotton, are the major commercial crops grown in the south
(Investment Kenya, 2014). Maize, cowpeas, beans, and millet are other common crops
grown in the Makueni County. Dairy farming and beekeeping are also common
agricultural activities in this area. Aside from agriculture, other major industries in this
county are small scale trade and eco-tourism (Gachie, 2012).
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Historically, the Maasai tribe are agro-pastoralists, predominantly cattle herders.
However this has been changing in recent years because of their close contact with
other tribes such as the Kamba (Conroy, 1999). Increases in conservation areas and
wildlife parks in former Maasai land has decreased the amount of land available for
cattle herding, forcing some Maasai to stray from their traditional lifestyles. Some
Maasai have taken advantage of the increasing ecotourism in the area, making and
selling crafts to tourists visiting the area (Kang’ethe & Kimathi, 2014).

2.5 Health of infants and young children in Kenya overall and in Makueni and
Kajiado counties
The 2008-09 Kenya Demographic and Health Survey (DHS) has shown a
decrease in infant and under-five mortality compared to the last survey in 2003. Infant
mortality has decreased from 77 deaths per 1000 to 52 deaths per 1000, and under-five
mortality has decreased from 115 deaths per 1000 to 74 deaths per 1000 in the 2008-09
DHS survey (Opiyo et al., 2010).
Reducing the under-five mortality rate is one of the Millennium Development
Goals (MDGs) which were set in 2000, with the aim of achieving them by 2015 (Opiyo
et al., 2010; United Nations Development Programme, 2009). Achieving this goal
requires reducing the 1990 under-five mortality rate in 2015 in Kenya by two thirds.
Although Kenya has certainly seen a decrease in child mortality, this goal has not yet
been achieved (MCH/WHO, 2011).
Neonatal causes are the major contributor to under-five mortality in Kenya,
34% of under-five deaths are from neonatal causes. Diarrhoeal diseases are the second
leading causes of death in under-five year olds, accounting for 19% of deaths. Other
major causes of death in under-five year olds are pneumonia, HIV/AIDS, injuries and
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malaria, which account for 14, 9, 3, and 3% of deaths, respectively (MCH/WHO,
2011).
A major contributor to the decrease in childhood mortality could be the increase
in childhood immunisations. In Kenya, immunisations currently given to children are
for tuberculosis (TB), diphtheria, pertussis, tetanus, polio, measles, hepatitis B and
haemophilus influenzae type B (Hib). The World Health Organization (WHO) defines
“fully vaccinated” as having received a TB vaccination, three doses of the pentavalent
vaccine (a combination of diphtheria, pertussis, tetanus, hepatitis B and Hib), three
doses of the polio vaccine, and a measles vaccine (Obonyo et al., 2010). Data from the
08-09 DHS have shown that 77% of children aged 12-23 months are fully vaccinated;
this is an increase from 57% in 2003 (Obonyo et al., 2010). More recent data from 2012
have shown a further increase to 83%. However immunisation rates in Makueni and
Kajiado are lower than the national average, with rates in 2012 of 75.8% and 68.2%
respectively (Government of Kenya & Ministry of Health, 2013). The 2008-09 Kenya
DHS also found that vaccination rates increased with increasing education levels and
wealth of the mother. However, younger siblings in large families were less likely to be
immunised than their eldest sibling (Obonyo et al., 2010).
The overall prevalence for HIV among Kenyan adults aged 15-49 years is 6.3%.
This is a small decrease from the 2003 prevalence of 6.7%. The prevalence is much
higher in adult women (8%) than men (4.3%), especially among younger women. For
example, the HIV prevalence for women aged 15-19 years is over three times that of
men of the same age, with women aged 20-24 years having over four times the
prevalence of 20-24 year old men (Awes, Muriithi, Gitonga, Muttunga & Orago, 2010).
In the Makueni County, 5.6% of adults are infected with HIV. In previous years,
Makueni showed a similar trend to the rest of Kenya, with nearly twice the number of
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women infected compared to men. However the most recent data from 2009 has shown
a reversal of this trend in the county, with a prevalence of 7.1% in males compared to
4.5% in females. The adult prevalence of HIV in Kajiado County is slightly lower than
Makueni, with a prevalence of 5%. The gender difference in this county is much
greater, with a much higher proportion of women living with HIV (15.6%) compared to
men (2.9%) (NACC & UNAIDS, 2012).
Comparison of data from surveys conducted in 1998 and 2011 highlight a
positive association between HIV prevalence and the proportion of orphaned children.
At the time of the 1998 survey, Kenya had an HIV prevalence of 14%, with 9.3% of
children having at least one parent who had died, and 0.9% who had lost both parents.
This same survey estimated that in 2000 there would be 116,869 children who had lost
both of their parents (Bicego et al., 2003). More recent data from UNICEF shows that
by 2011 there were 2.6 million children who had lost at least one parent, of whom 1.1
million had lost at least one parent to AIDS (UNICEF, 2013).
Access to healthcare is greatly influenced by the distance to healthcare facilities,
such as living in an urban versus a rural area. A study in Kenya reported that the rate of
children visiting clinics decreased as the distance to the clinic increased. For example, a
1 km increase in distance was shown to decrease the rate of clinic visits by 34% (Feikin
et al., 2009). Among urban households in Kenya, 81.5% will visit a healthcare provider
when ill, compared to 75.9% of rural households. Wealth is also a factor contributing to
healthcare access; 33% of households in the poorest quintile will not seek healthcare at
all, compared to 16% of the richest quintile (Chuma et al., 2007).
Sources of drinking water vary among households in Kenya. Overall, 63% of
Kenyan households obtain drinking water from an improved source such as piped water
or a protected well or spring. In rural areas, however, only 54% of Kenyan households

11

have an improved water source and 31% of population must travel more than 30min to
their source of water. Only one third of households have water in their home and less
than 50% treat their drinking water (Bore & Ng’ang’a, 2010).
Improved toilet facilities are even less common, as less than a quarter of
households have improved facilities such as a piped sewer system or septic tank. Indeed
12% of households have no toilet facility at all; this group is mostly made up of rural
households (Bore & Ng’ang’a, 2010).

2.6 Anthropometric status of young children in Kenya overall and in Makueni and
Kajiado counties
In Kenya, 35% of children under five years are considered stunted, defined by a
height-for-age z-score (HAZ) less than minus two standard deviations (<-2 SD), with
14.2% being severely stunted (HAZ <-3 SD), based on the 2008-09 DHS. The age
group with the highest proportion of stunting is aged 18-23 months, whereas those with
the lowest proportion are infants under 6 months old. Rural children are more likely to
be stunted compared to urban children and stunting is more common in males than
females (Owuor & Mburu, 2010). The proportion of Kajiado children who are stunted
(29.5%) is slightly higher than that of Makueni children (27.8%); however both are
below the national average (Government of Kenya Ministry of Health, 2013).
Wasting (i.e. a weight-for-height z-score (WHZ) of -2 SD or lower) is less
common than stunting in Kenyan children. Only 6.7% of children are wasted with 1.9%
severely wasted (< -3 SD) according to the 2008-09 DHS. This survey also found that
4.7% of children under-5 years are overweight. Wasting is lowest among children aged
36-47 months (3.8%) and highest among infants aged 6-8 months (11.4%). Like
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stunting, wasting is higher in rural children than urban children, and also higher in
males than females (Owuor & Mburu, 2010).
Whether a child is underweight is defined by a weight-for-age z-score (WAZ) <
-2 SD. Of the children in Kenya, 16.1% are underweight and 3.6% are severely
underweight (i.e. WAZ <-3 SD) based on the 2008-09 DHS. Fewer children less than
six months of age are underweight, with the highest proportion being for children aged
24-35 months and 48-59 months. As reported for wasting and stunting, the proportion
of underweight children is higher in males than females and higher in rural than urban
children (Owuor & Mburu, 2010). In the Makueni County, 24.2% of children are
underweight, a figure that is slightly higher than that for children in the Kajiado County
(i.e., 22.7%) (Government of Kenya Ministry of Health, 2013).

2.7 Dietary factors associated with child malnutrition
Childhood malnutrition is associated with a number of dietary factors, many of
which are interrelated and can affect the nutritional status of a child in different ways.
These dietary factors can affect the quantity and/or the quality of the diet. This section
discusses these dietary factors and their potential effects on the nutritional status of`
children in Kenya.

2.7.1 The role of diet quantity in the aetiology of malnutrition
Diet quantity can be a determinant of malnutrition and impaired growth,
particularly in younger children through its impact on their overall energy intake
(Allen, 1993). Several factors may influence diet quantity in children, including food
security, feeding frequency, appetite, and the monotony of the diet; these are discussed
below.
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Food security
Food security is an important dietary factor influencing the overall health and
wellbeing of a household; however it can sometimes be difficult to measure (Hoddinott
& Yohannes, 2002). The Food and Agriculture Organization (FAO) has defined food
security as “access for all individuals at any time to sufficient nourishing food for a
healthy and active life.” Food security varies by season. Hence, the ability of a
household to safely and effectively store food will affect their long term or “chronic”
food security status (Pinstrup-Andersen, 2009).
The Kenya Food Security Steering Group (KFSSG) has released a food security
profile for each county in Kenya. These profiles discuss the current state of food
security on a county level by comparing the growth and production of food-to-food
consumption in the same county. Both Makueni and Kajiado counties are defined as
being “food deficient.” In 2004 only 9% of their demand for cereals was produced by
Makueni County, whereas the Kajiado County met 16% of their cereal demand. Both
counties are reliant on seasonal weather conditions for their food supply. In some cases
during severe drought, the population of Makueni is reliant on support from aid
organisations for their food supply, whereas in Kajiado, families will commonly skip
meals because of the food shortage (Government of Kenya & KFSSG, 2012).
The impact of environmental issues on food security such as weather
conditions, as experienced in Makueni and Kajiado, is just one of the many causes of
food insecurity. The causes have been classified by Smith et al. (2000) into two groups:
national food availability and household food access. Factors contributing to national
food availability besides environmental issues may include political instability,
population growth, and macroeconomic imbalances. Household food access is also
influenced by several factors such as income, food purchasing decisions, poor health
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and education, all of which can have a major influence on the variety and quantity of
foods available to a household.
When a household is food insecure, the household will implement certain
strategies to cope with the limited food supply. Maxwell (1996) lists a number of these
coping strategies and discusses how they can be used as a way to measure food
insecurity at the household level. Some strategies involve small changes such as eating
foods that are less preferred, eating smaller portions, skipping meals as was practiced
during severe droughts in Kajiado, (Government of Kenya & KFSSG, 2012) and
borrowing food or money. Other more severe strategies include maternal buffering
(when a mother will limit her food intake to ensure that her children have enough) or
not eating for a whole day or more. These coping strategies highlight how food
insecurity can limit dietary intakes for children, and thus impact on their nutritional
status and growth.
Feeding frequency
Feeding frequency is an important factor governing the overall energy intake of
young children who have relatively high energy requirements as a result of their high
growth rates. However, infants and young children only have a limited ability to
consume large quantities of food at one meal because of their small gastric capacity
(Islam et al., 2008). As a result, the World Health Organisation (WHO) advises that
young children aged 6-23 months should have 3-4 meals per day and be offered 1-2
snacks. In 2003, only 58.4% of Kenyan children aged 6-23 months were reported to
meet the WHO feeding frequency guideline (WHO, 2009).
A study reported by Brown and colleagues (1995a) investigated the effect of
differences in meal frequency and energy density on daily energy intakes of
malnourished infants in Peru. They found that with increasing meal frequency, daily
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food intake increased. A study using DHS data from five Latin American countries
assessed the effect of a number of different child feeding practices, including feeding
frequency, on the HAZ scores of 6-36 month-old children (Ruel and Menon, 2002).
Although the effect of meal frequency was not reported individually, the study found
that positive feeding practices cluster together, and parents who fed complementary
foods to children more frequently were also more likely to be breastfeeding their
children and offering them a greater variety of foods. The combination of these positive
feeding practices was associated with an increased HAZ, particularly among children
over 12 months old.
Appetite
The factors which have been discussed so far influence diet quantity by
affecting the supply of food available to the child. However diet quantity can also be
affected by poor appetite. Hence, even when the amount of food offered is sufficient,
some or all of the food may be refused by the child for several reasons, including
monotony of the diet, illness, and the presence of certain micronutrient deficiencies
(e.g., iron and zinc).
Another (unpublished) study by Brown and colleagues and reviewed by Brown
in 1997 assessed the effect of a monotonous diet on children’s appetite. Children were
observed to consume up to 10% more when each of the meals offered varied by colour,
taste, and texture. This phenomenon is known as sensory-specific satiety and arises
when the consumption of a particular food results in a decreased appetite for that food
(Rolls & McDermott, 1991). Therefore when children are consistently offered the same
foods, there is a decrease in both their appetite and consumption of these foods.

16

Another study by Brown (1995b) showed how illnesses can also reduce
children’s appetites. For example, on days when children had a fever, their appetite was
reduced on 45% of the fever-days. Diarrhoea and respiratory illness also reduced
appetite in 31% and 23% of days with each illness, respectively.
Some micronutrient deficiencies can also reduce appetite, including deficiencies
of iron and zinc (Dossa, Ategbo, Raaij, Graaf, & Hautvast, 2001). In both cases the loss
of appetite is restored when the amount of the deficient micronutrient is increased in the
diet (Golden, 1996). For example, a randomised control trial by Lawless et al. (1994)
demonstrated that iron supplementation increased the appetite of Kenyan school
children shown to have iron deficiency. Appetite was measured by ad libitum
consumption of a snack and each child’s own subjective assessment. In the case of zinc,
anorexia has been associated, at least in part, with impaired taste acuity, a characteristic
feature of zinc deficiency (Buzina, Jtdi, Sapunar, & Milanovi, 1980). In addition,
because zinc is a type II nutrient, one of the first responses to deficiency is impaired
linear growth in children, followed by catabolism of body tissues to maintain tissue
zinc concentrations, a process that can also result in loss of appetite (Golden, 1996).

2.7.2 The role of dietary quality in the aetiology of malnutrition
The quantity of food consumed by a child is only one facet of the relationship
between diet and malnutrition. Dietary quality must also be considered when
establishing the dietary causes underlying childhood malnutrition. Deficits in dietary
quality may be associated with poor dietary diversity, low micronutrient density, and
poor micronutrient bioavailability, each of which is discussed in detail below.
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Dietary diversity
Dietary diversity is important for ensuring that the diet provides all the nutrients
essential for optimal growth and development and protection from disease in children
(Ruel & Menon, 2002; Onyango, 2003). However in many parts of sub-Saharan Africa
the variety of available foods is limited and many households are food insecure, so their
diets have very little diversity. Instead they are usually based on cereals and legumes or
starchy roots and tubers, with a low content of animal source foods, and as a result
often have a low micronutrient density and poor bioavailability of iron and zinc (Ruel
& Menon, 2002; Onyango, 2003). In a study of 12-36 month old Kenyan children by
Onyango et al. (2002), 82% of their energy intake was provided by carbohydrate, and
intakes of thiamine, vitamin C, iron and calcium were all positively associated with
greater dietary diversity. Furthermore, many of the older children had low intakes of
vitamin A and riboflavin as well as pre-formed niacin.
Lack of consensus on the measurement of dietary diversity has made it difficult
to reach a consensus on the health benefits associated with diverse diets. The most
common method is simply to count the number of different foods or food groups that a
child regularly consumes; however there is currently no international consensus on the
classification of food groups. This method was used by (Ruel, 2003) in a study based
on data from the 2000 Ethiopian DHS, in which a positive association was reported
between the number of different food groups (maximum of 6 groups: cereals, tubers,
milk, egg/fish/poulty, meat and other) consumed by children aged 6 to 36 months and
the height-for-age z-scores of the children after adjusting for demographic and
socioeconomic factors including age, gender, and maternal age, height and education.
In another study of 12-36 month old children in Kenya, diets with a higher number of
different individual foods were associated with greater height-for-age, weight-for18

height and weight-for-age z-scores, as well as triceps skinfold and mid-upper arm
circumference measurements (Onyango et al. 1998). In contrast, poor dietary diversity
was shown to be a strong predictor of stunting in children under five years in rural
Bangladesh (Rah et al., 2010).
The Ministry of Public Health and Sanitation of Kenya has set a National
Nutrition Action Plan for 2012-2017 (Ministry of Public Health and Sanitation, 2012).
One of the goals of this plan is to decrease malnutrition and micronutrient deficiencies
in Kenyan children by increasing the proportion of children who are consuming more
than 3 or 4 different food groups per day as defined by the World Health Organization
(7 groups: grains, roots and tuber; legumes and nuts; dairy products (milk, yogurt,
cheese); eggs; flesh foods (meat, fish, poultry and liver/organ meats); vitamin A-rich
fruits and vegetables; and other fruits and vegetables). According to the 2008/09 DHS,
only 39% of children in Kenya met this target, although the aim is to increase this to
67% by 2017.
Micronutrient density
A micronutrient dense food is defined as a food which has a high concentration
of micronutrients in relation to its energy content (Darmon et al., 2002). As previously
discussed, the variety of foods available to food insecure households is limited and in
most cases the cheapest locally available foods are also the least micronutrient dense
(Briend, 2001). Fortification is one of the methods that can be used to increase the
micronutrient densities of foods (Branca & Ferrari 2002; Brined, 2001). Other methods
include nutrition education to provide mothers with information on locally available
micronutrient dense foods, and agriculture programmes designed to increase the
availability of micronutrient dense varieties of locally grown foods in the household
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(Darmon et al., 2002). The micronutrient density of plants can also be increased
through biofortification, which involves selectively breeding micronutrient dense plantbased staple varieties. Alternatively for some micronutrients such as selenium, zinc, or
iodine, fertilizers with a high mineral content can be applied to the soils directly or
sprayed onto the foliage (White & Broadley, 2005).
Bioavailability
A micronutrient dense diet does not necessarily ensure that the high
concentration of micronutrients are actually being absorbed and utilized by the body
(i.e., are bioavailable). Hence bioavailability is an additional important factor
influencing the amount of a micronutrient that is available for use by the body.
Bioavailability can be affected by both diet- and host-related factors (Gibson & Hotz,
2007). Of the diet-related factors, some may inhibit the bioavailability of nutrients,
whereas others act as enhancing factors.
Dietary-related inhibitors of bioavailability may include the chemical form of
the nutrient, the nature of the food matrix, as well as interactions between nutrients
and/or organic compounds in the food (Gibson, Perlas, & Hotz, 2006). For example,
dietary iron can be either in the form of readily absorbable haem from cellular animal
foods or less readily available non-haem iron which is the major form of dietary iron in
the plant- based Kenyan diet (Hallberg, 1981). The bioavailability of folate and
provitamin A carotenoids are both affected by the food matrix. Provitamin A
carotenoids trapped in the cellulose plant matrix of green leafy vegetables are less
bioavailable than those found located in oily droplets in orange/yellow fruits (Gibson &
Hotz, 2007).
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Phytate and polyphenols are examples of some of the inhibitory organic
compounds in the plant-based Kenyan diets in which unrefined maize and beans are
major staples (Grillenberger et al., 2007). The term phytate refers to the Mg, Ca, or K
salts of phytic acid (myo-inositol hexaphosphate, IP6) that are found in unrefined
cereals and legumes. Phytate forms insoluble complexes with iron and zinc in the
gastrointestinal tract that cannot be digested or absorbed in humans because of the
absence of intestinal phytase enzyme (Gibson et al., 2006). The inhibitory effect of
phytate on zinc absorption is much larger in adults than previously estimated, with no
evidence of an adaptive response to habitual high-phytate intakes by up-regulation of
zinc absorption (Hambidge et al., 2010). However, the magnitude of the inhibitory
effect of phytate on zinc absorption in children remains to be quantified.
Polyphenols found in red kidney beans, certain varieties of sorghum and millet
as well as tea and coffee also form insoluble complexes with non-haem iron that cannot
be digested and absorbed (Bravo, 1998). Polyphenols can also reduce the digestibility
of starch, protein and lipids by binding to particular salivary and digestive enzymes
(Bravo, 1998). Dietary fibre found in unrefined cereals, legumes, fruit and vegetables
can reduce the absorption of fats and fat-soluble vitamins by binding to bile acids
(Gibson & Hotz, 2007).
However, some organic compounds found in food can enhance bioavailability.
Organic acids such as lactic, citric and acetic acids, produced in fermented milk
products, vegetables and cereals, enhance the absorption of zinc and possibly iron by
binding to the minerals and enhancing their solubility (Gibson & Hotz, 2007). Ascorbic
acid from citrus fruits, and other fruits such as mangos as well as some vegetables,
reduces ferric iron (Fe3+) to the more soluble ferrous form (Fe2+), thus enhancing nonhaem iron bioavailability (Teucher et al., 2004).
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These inhibitors and enhancers of bioavailability can be affected by the way
food is prepared or processed. Protein and carbohydrates are more digestible in foods
which have been cooked. Cooking (or thermal processing) can also increase the
bioavailability of vitamins such as thiamin, B6, niacin and carotenoids by inactivating
enzymes such as thiaminases, or by the release of B6, niacin and carotenoids from the
insoluble plant matrix. In general, domestic thermal processing does not degrade
phytate and so is not an effective method of enhancing the absorption of iron, zinc and
calcium in high phytate cereals and legumes. In contrast, the phytate content of cereals
can be reduced by milling or pounding, a practice which results in the removal of the
outer aleurone layer of cereals or the germ of unrefined maize where most of the
phytate is concentrated (Gibson et al., 2006). Water soluble phytate can also be
removed through passive diffusion by soaking cereal flours and dried legumes in water,
although soaking can also result small losses of some nutrients including zinc, niacin,
and riboflavin (Hotz & Gibson, 2001).
Phytate can be hydrolyzed to lower inositol phosphates that no longer inhibit
non-haem iron or zinc absorption by the activity of the enzyme, phytase. Sources of
phytase enzymes include micro-organisms that occur naturally on the surface of cereals
and legumes or have been introduced during fermentation via inoculation with a starter
culture. Phytase activity is also increased through the process of germination.
Germination can also reduce polyphenols in some legumes, thus increasing non-haem
iron absorption. Germination also causes an increase in the activity of amylase in
cereals, an enzyme which enhances the digestion of starch (Hotz & Gibson, 2001).
Clearly poor bioavailability has the potential to greatly limit the quality of diets
for children in Kenya. However with the application of appropriate food preparation
and processing practices in combination with nutrition education, the bioavailability of
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nutrients in locally available plant-based foods can be enhanced so that families can
increase the nutrient quality of foods they are commonly consuming.

2.8 Non-dietary factors associated with child malnutrition
The causes of malnutrition in children are not limited to dietary factors alone.
Numerous underlying non-dietary factors also have the potential to affect both the
quantity and quality of the diets of children, and thus have an impact on their nutritional
status. This section discusses how three important non-dietary factors - socioeconomic
status, maternal education, and infection- impact on the risk of child malnutrition in
Kenya.

2.8.1 Socioeconomic status
Socioeconomic status (SES) is an indicator that often combines income,
occupation, and education with other factors known to affect the wealth of a household.
As a consequence, SES is often linked to food security and dietary diversity; families
with a lower SES will generally have less diverse diets because they rely on plant-based
staple foods and few animal products (Hatløy, Hallund, Diarra, & Oshaug, 2000). Even
from birth, children in low SES families are more likely to have a low birth weight or
congenital illness which may negatively impact their subsequent growth (Bradley &
Corwyn, 2002).
In countries where data on occupation and income are difficult to obtain, proxy
measures such as ownership of household items or characteristics of the family’s home
such as the size and materials used for the floor, roof etc. are used to create a
quantifiable measure of SES. The district a family lives in may also determine the SES
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of a household. A study by Delpeuch et al. (1999) found that the certain aspects of a
family’s local living environment, such as where they live, have a greater impact on the
health of the children than the adults of a household. However, this study also found
that the wealth or income of a household had a greater impact on the health of the
mother than her children, possibly because of coping strategies such as maternal
buffering (i.e. a mother eating less to ensure there is enough for her children), or
because of longer hours of employment by mothers to earn enough to provide for their
families. This study also found that the need for a mother to increase her work hours
can have a secondary negative effect on her children by decreasing the amount of time
she has to care for her children or to learn more about local health services.

2.8.2 Maternal education
Mothers usually have the most significant input into the health and well-being
of their children. A major factor shown to influence a mother’s ability to make the best
possible decisions about the diet and health care of her child is maternal educational
status (Barrera, 1990). For example more educated women are often more aware of and
more likely to use community services available to them (Thomas, Strauss, &
Henriques, 1991). Furthermore, studies have reported that the positive association
between maternal education and HAZ scores is cumulative, with the magnitude of the
association increasing as the child gets older (Ruel & Menon, 2002). This finding is
important in Kenya where according to the 2008-2009 Kenya DHS, 9% of women aged
15-49 years had no formal education, 27% had completed only primary school, and less
than 15% had completed secondary school. Moreover, women in rural areas in Kenya
had an average of 7 years of schooling, compared to 9.8 years in urban areas (Nyarunda
& Mbaluku, 2010).
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Thomas et al. (1991) have proposed a number of pathways by which parental
education has the potential to affect child nutritional status. One pathway is through
income, which in many cases is determined by education. However, many studies have
found that even after controlling for income the relationship between education and
child health still exists (Barrera, 1990, Thomas et al., 1990). An alternative pathway is
through the mother’s ability to understand and process new information about diet and
healthcare as well as her ability to find this information from community groups and
the media (Rosenzweig & Schultz, 1982, Thomas et al., 1991). Studies have shown that
highly educated mothers are more likely to take advantage of community health
facilities to improve the health of their children more efficiently than less educated
mothers (Barrera, 1990).

2.8.3 Infection
According to the 2008-2009 Kenya DHS, nearly one in four of the under five
year old children surveyed had a fever in the two weeks preceding the survey (Obonyo,
Miheso & Wamae, 2010). Fever is a symptom of malaria and because Kenya has a high
prevalence of malaria, reported rates of fever in children can give an indication of
malaria rates. Antimalarial treatments are recommended as a precautionary treatment
for children with a fever. However in the 2008-09 Kenya DHS only 23% of the
children with reported fever were given antimalarial drugs (Munguti & Bulum, 2010).
The rates of diarrhoea and respiratory infection were not quite as high, with 17% and
8%, respectively, reported infections during the same time period (Obonyo et al., 2010).
Besides the effect of fever, diarrhoea, and respiratory infection on reducing a
child’s appetite, these same infections can also have a more direct impact on the
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nutritional status of a child, resulting in poor growth and stunting (Bhutta, 2006).
Intestinal damage caused by enteric infections can increase intestinal permeability and
thus reduce the absorption of nutrients by the gut. In addition, enteric infections
commonly result in diarrhoea, which in turn may exacerbate loss of micronutrients,
notably zinc, as well as protein and energy (Bhutta, 2006, Guerrant et al., 2013). Even
in the presence of sub-clinical infections, immunostimulation has the potential to
increase protein catabolism and thus reduce a child’s protein status. Infection with
intestinal parasites such as intestinal nematodes may also cause nutrient losses via
damage to the intestine, thus reducing the absorption of micronutrients such as vitamin
A, zinc, and vitamin B12 (Hall et al., 2008). In infection with Trichuris (whipworm),
there may be a loss of blood due to the damage to the mucosa and its blood vessels, and
thus a reduction in iron (Hall et al., 2008; Le, Brouwer, Verhoef, Nguyen, & Kok,
2007).
The relationship between infection and malnutrition in children is often
described as a cycle; infections cause a decrease in the micronutrient status of children,
notably for zinc, vitamin A, and selenium, all of which may increase the risk of
subsequent infections (Guerrant et al., 2013). For example, in zinc deficiency there is a
decrease in immunocompetence associated with the role of zinc in immune cell
function (Field et al., 2002). Zinc supplementation studies have consistently shown a
decrease in the duration of diarrhoea, and a reduction in the incidence of acute lower
respiratory infections (Batool & Bhutta, 2009). Vitamin A also has an important role in
the functioning of immune cells, as well as the maintenance of epithelial surfaces which
together help to prevent infection (Semba, 1994). A meta-analysis of 12 randomised
control trials, in predominantly low income countries, found that vitamin A
supplementation greatly reduced mortality among hospitalised measles patients
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(Martinez, Shekar, & Latham, 1986). HIV infection can decrease vitamin A status,
which results in a further decrease in immune function and an increase in the
progression of the disease and mortality (Semba, 1993). As well as the role of selenium
in immune cell function, selenium also has an important role in the inflammatory
response during an illness, and supplementation with selenium has been shown to
decrease chronic inflammation (Kaushal, 2012).

2.10 Conclusion
The numerous factors influencing nutritional status during childhood in Kenya
are greatly inter-related. The low SES of many Kenyan families, along with limited
food availability, are among the many factors that have been associated with diets
inadequate in quantity and quality, and as a result an increased susceptibility to
micronutrient and nutrient deficiencies leading to anaemia and an increased
susceptibility to childhood illnesses and high rates of stunting, wasting and underweight
children. The combination of each of these factors have resulted in high rates of
stunting, wasting and underweight children. These multiple causes of malnutrition
requires a multi-faceted approach to reduce this burden and improve the health, growth
and development of young children in Kenya.
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3

Socio-demographic, anthropometric, and biochemical status of

preschool children in Emali, Kenya

3.1 Introduction
Undernutrition among young children is a significant problem in developing
countries like Kenya (Bhutta, 2006). ChildFund has been working in Emali, Kenya for
the past 12 years to improve the nutrition, health and well-being of the children and
their families in Emali and surrounding counties (ChildFund, 2014). The town of Emali
is home to two different tribes, the Maasai and the Kamba. These tribes, although living
nearby to each other, speak different languages, and have different livelihoods, diets
and cultures (Mutie, 2003). This chapter describes the socioeconomic, anthropometric,
and health status of children from these two tribes (Kamba and Maasai) who attend
preschools in Emali and surrounding counties sponsored by ChildFund, Kenya.
Socioeconomic and anthropometric differences between the preschoolers from the two
tribes are emphasized.

3.2 Participants and Methods
3.2.1 Participants
In the counties surrounding the town of Emali, over 30 early childhood
development (ECD) centres have been built or renovated by Childfund (ChildFund
New Zealand, 2014). These schools provide education, play materials, clean water,
medical checks and two daily meals to 1400 preschool children. Of these preschools, 23
were selected for participation in this study, of which 13 were attended by children
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Figure 3.1

Study site location and surrounding counties

Nairobi

Emali

from the Kamba tribe and 10 from the Maasai tribe. The Maasai schools were in the
county of Kajiado, and the Kamba schools were in the ditrict of Makueni (Figure 3.1)
Inclusion criteria for the preschoolers were apparently healthy children enrolled in the
ECD Centres with no evidence of chronic or acute illnesses. Children were selected
from each school to ensure an equal number of males and females and an equal
distribution of age groups among the two tribes. In total there were 514 children
included in this study, 287 were from the Kamba tribe and 213 were from the Maasai
tribe. The remaining 14 children were neither Kamba nor Maasai and were excluded
from the study. Informed written consent was obtained from the parents or primary
guardians of the children (Appendix A). The study was approved by the University of
Otago Human Ethics Committee, Dunedin, New Zealand; Kenyatta University Ethics
Review Committee, Kenya and the National Commission for Science, Technology and
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Innovation, Nairobi, Kenya. Permission to conduct the survey was also obtained from
the Kenyan Ministry of Health.

3.2.2 Assessment of socio-demographic and health status
The questionnaires used to gather information on socio-demographic, health and
hygiene characteristics of the children in the study and their families (Appendices B, C
& D) were based on earlier questionnaires compiled by Lander et al. (2012) and the
recent (2008-09) Kenyan Demographic and Health Survey (DHS) (KNBS and ICF
Macro, 2010). All questionnaires were translated into Kiswahili, the Kenyan national
language, pre-tested, and administered to the parents or guardians of the children in the
ECD centres by trained Kenyan students from Kenyatta University. A local health
worker was also available to help with translating for mothers who only spoke their
local tribal language. Where possible, immunization cards provided by the caregiver
were used to record or verify responses to questions on vitamin A supplementation,
immunizations and the child's birthdate.

3.2.3 Assessment of anthropometry
Mother's height and child's height, weight, mid-upper arm circumference
(MUAC) and triceps skinfold were measured using standardized protocols at the
preschools with the children wearing no shoes and light clothing, usually a school
uniform. Standing height was measured twice to the nearest 1.0mm using a portable
stadiometer (Leicester Height Measure, Child Growth Foundation, London, UK) and a
third measurement was taken when the first measurement differed by more than 7.0mm
(de Onis, Garza, Victora, Onyango, & Edward, 2004). Weight was also measured
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twice, three times if the difference between the two measures was greater than 100g.
Weight was recorded to the nearest 100g and was measured with electronic scales (Seca
813, Birmingham, UK). MUAC was measured with a fibre-glass insertion tape taken by
first measuring the midpoint of the upper left arm and measuring the arm circumference
at this point. Two MUAC measurements were recorded to the nearest 1.0mm, with a
third measurement being taken if the difference of the first two measurements was
greater than 5.0mm (de Onis et al., 2004). Triceps skinfold measurements were also
measured twice to the nearest 0.5mm using precision callipers (Lange, Cambridge
Scientific Industries Inc., Cambridge, MA, USA) on the left arm, and a third
measurement was taken when these measurements differed by more than 2.0mm (de
Onis et al., 2004). An experienced anthropometrist took all the anthropometric
measurements on the Kamba and another on the Maasai preschoolers, assisted by
trained research assistants. Each anthropometrist used the same measurement
techniques and equiptment, however technical error of the measurement between the
two anthropmestrists was not calculated. The questionnaire used for recording
anthropometric results is included in Appendix B.
Height-for-age (HAZ), weight-for-age (WAZ), and body mass index (BMIZ) zscores were calculated in two ways because some of the children were greater than 5
years of age (n=119). Z-scores for height-for-age (HA), weight-for-age (WA), and body
mass index (BMI) were calculated for all the children using the WHO AnthroPlus
programme (de Onis, Onyango, Borghi, Siyam, & Siekmann, 2007). To estimate the
prevalence of wasting (i.e., WHZ <-2 SD) for children aged 22.5-60 months (n=403)
for comparison with the Kenya DHS (2010) survey, WHZ scores were also calculated
using the WHO 2006/2007 multi-centre growth reference data (WHO, 2006). The
prevalence of stunting, underweight, and wasting were defined by HAZ, WAZ, and
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WHZ <-2 SD, respectively, below the mean or median values of the WHO growth
reference data (de Onis et al., 2007; WHO Multicentre Growth Reference Study Group,
2006). Overweight in the children was based on > 1 SD body mass-index-z-score
(BMIZ). Extreme z-scores that seemed implausible or likely to be inaccurate were
excluded from the dataset (WHO, 1991). Arm muscle area and arm fat area were
calculated using standard equations based on the children's MUAC and triceps skinfold
measurements (Gibson, 2005).

3.2.4 Assessment of biochemical status
Fasting venipuncture blood samples were taken from children at their
preschools while sitting alone or with their parent/caregiver. To minimise pain or
discomfort, a topical local vasodilator anaesthetic, amethocaine (Ametop gelTM) was
applied to the venipuncture site at least 30 minutes before blood was taken. The blood
samples were drawn into trace-element (TE) free evacuated tubes (S-Monovettes,
Sarstedt, Germany) containing a lithium-heparin anticoagulant. Time of day when the
blood was collected from each child was noted (Appendix C).
Blood was placed into cooler boxes immediately after collection and then
transported to the local laboratory situated in the ChildFund Kenya office in Emali. At
the ChildFund office, haemoglobin (Hb) concentrations were determined on an aliquot
of whole blood using a Hemocue® Hb 201+ System. The remaining blood sample was
centrifuged to separate the plasma (using TE-free techniques) from which aliquots were
transferred into TE-free polyethylene vials and frozen immediately at -20ºC. The frozen
plasma samples were shipped on dry ice to the trace element laboratory of the
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Department of Human Nutrition, Otago University, New Zealand, and to the laboratory
of Dr Juergen Erhardt in Germany.
Plasma zinc concentrations were analysed by flame atomic absorption
spectrophotometry (AAS) (ContrAA 700, Analytikjena, Jena, Germany) using a
modified method of Smith et al. (1979) and plasma selenium was assayed using hydride
generation AAS (ContrAA 700, Analytikjena, Jena, Germany).
Analyses for C-reactive protein (CRP), alpha-1-acid glycoprotein (AGP),
ferritin, soluble transferrin receptor, and retinol binding protein (RBP) in plasma were
performed simultaneously using a previously described sandwich Enzyme-Linked
Immunosorbent Assay (ELISA) techique (Erhardt et al., 2004) in the laboratory of Dr
Jurgen Erhardt in Germany.
Acute infection/inflammation was determined by plasma CRP > 5 mg/L and
chronic infection/inflammation with plasma alpha 1-acid glyco-protein (AGP) > 1.0
g/L (Thurnham et al., 2010). Plasma ferritin was used as an indicator of iron stores,
plasma soluble transferrin receptor (sTfR) as an indicator of tissue iron levels, and RBP
as an indicator of vitamin A status.
Concentrations of plasma ferritin and RBP for children with and without
elevated plasma AGP concentration differed significantly (P<0.05), and hence were
adjusted for the presence of infection/inflammation using the methods of Thurman et al.
(2003, 2010). Adjustment factors of plasma ferritin were calculated separately for
Kamba and Maasai as the combined results were skewed by difference in plasma
ferritin concentrations between the two tribes. Plasma zinc concentrations were not
significantly affected by infection/inflammation and so were not adjusted for infection.
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However plasma zinc was adjusted for time of day according to the methods of
Arsenault et al. (2011), using 7:00am as the reference time.
Anaemia was defined as having an Hb concentration <110 g/L (for children
under 5 years) or <115 g/L (for children 5 years or older) (WHO, 2007). Children were
defined as having depleted iron stores if their plasma ferritin concentration (after being
adjusted for inflammation) was <12 µg/L (for children under 5 years) or <15 µg/L (for
children 5 years or older) (WHO, 2007). Tissue iron deficiency (ID) was defined as a
plasma concentration of sTfR >8.3 mg/L (Erhardt et al., 2004). Iron deficiency anaemia
(IDA) was defined as having both depleted iron stores and anaemia, whereas non-iron
deficiency anaemia was defined as having a low haemoglobin in the absence of
depleted iron stores.
Deficiency cut-offs for the other micronutrients were: plasma zinc <9.9 µmol/L
(Hess et al., 2007) and RBP <0.7 µmol/L (De Pee & Dary, 2002). Plasma selenium
varies greatly by geographical area, therefore there is no standard, universal criteria
used to assess selenium status. This study defined selenium status as 'low' when the
concentration is below the optimal level of at least one selenoprotein (i.e. <0.82
µmol/L) (Thompson, 2004).

3.2.5 Statistical analysis
Demographic, health and hygiene characteristics are presented by tribe with the
number of children in each group as well as the percentage (for categorical data) or
mean and SD (for continuous data). Differences between Kamba and Maasai for these
variables as well as biochemical means were tested for statistical significance using a
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chi-square test (for categorical data) or a student's two sample t-test (for continuous
data).
Data from the socio-demographic and health status questionnaires were used to
calculate an overall wealth index for the household of each child using principal
component analysis. The wealth index was calculated based on the size of the
household, ownership of their home, type of toilet, materials used to build their home,
and possession of a number of household items, including a radio, television, phone and
bicycle (Appendix D). Based on these criteria, households of participants were
classified into wealth quintiles.
A multilevel mixed-effects linear regression was used to test for statistical
differences between the anthropometric data (i.e. z-scores and arm muscle/fat area) for
the Kamba and Maasai with preschool as a random effect, tribe as a fixed effect, and
age as a covariate. Results were stratified by sex. Residuals were checked for
normality. Multiple linear regression models were developed to assess the relationship
between selected demographic variables and anthropomtetric z-scores. Differences
were considered significant at P<0.05. STATA version 12 was used for the statistical
analyses.

3.3 Results
Of the 1260 eligible children, 514 children were recruited. Reasons for nonparticipation were absence from the ECD Centre on the day of enrolment or parental
refusal to give informed consent.
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Table 3.1
Sociodemographic characteristics by tribe

Sex (Female)
Marital Status
Single
Married or living together
Separated or divorced
Widowed
Other
Religion
Roman Catholic
Protestant/other Christian
Muslim
Highest level of schooling of mother
None
Primary school or less
Secondary school or higher
Highest level of schooling of father
None
Primary school or less
Secondary school or higher
Don't know
Occupation of mother
Farming/Agriculture labourer
Non-agricultural labourer
Self-employed non-farming
Housewife
Other
Occupation of father
Farming/Agriculture labourer
Non-agricultural labourer
Self-employed non-farming
Unemployed
Other
Child Birth Order
1st
2nd
3rd+
Main source of food in past week
Garden
Purchased
Garden and purchased
Child age (months)
Mother age (years)

Kamba
n
%
142/287 49.5

Maasai
n
%
110/213 51.6

18/286
248/286
12/286
5/286
3/286

18/213
185/213
2/213
8/213
0/213

6.3
86.7
4.2
1.8
1.1

P-value
0.764
0.049

8.5
86.9
0.9
3.8
0.0
<0.001

142/286
144/286
0/286

49.7
50.4
0.0

9/213
4.2
203/213 95.3
1/213
0.5
<0.001

5/285
165/285
115/285

1.8
57.9
40.4

115/211 54.5
73/211 34.6
23/211 10.9
<0.001

2/266
113/266
128/266
23/266

0.8
42.5
48.1
8.7

98/210
53/210
27/210
32/210

46.7
25.2
12.9
15.2
<0.001

169/285
37/285
17/285
46/285
16/285

59.3
13.0
6.0
16.1
5.6

29/213
8/213
28/213
131/213
17/213

13.6
3.8
13.2
61.5
8.0

119/248
80/248
29/248
0/248
20/248

48.0
32.3
11.7
0.0
8.1

93/185
11/185
26185
21/185
34/185

43.7
6.0
14.1
11.4
18.3

<0.001

0.861
51/285
52/285
182/285

17.9
18.3
63.9

34/213 16
38/213 17.8
141/213 66.2
<0.001

131/287
124/287
32/287
n
289
287
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45.6
43.2
11.2
mean (SD)
51.8 (11.2)
33.7 (9.4)

0/212
180/212
32/212
n
213
119

0.0
84.9
15.1
mean (SD)
50.6 (13.1)
30.3 (8.0)

p-value
0.309
0.0005

3.3.1 Socio-demographic characteristics
Table 3.1 shows the socio-demographic characteristics of the children and
households by tribe. Of the preschoolers recruited, 287 were from the Kamba tribe, and
213 from the Maasai tribe. The children ranged in age from 22.5 months to 97.5 months
with a mean (SD) of 51.8 months (11.2) in the Kamba tribe and 50.6 (13.1) in the
Maasai tribe. In both tribes, over 85% of children were between the ages of 36 and 72
months. The gender distribution of the children among the groups was similar, with
about 50% of the children in the Kamba and Maasai tribes being male, and 50% female.
The mean age of the mothers of Kamba children (33.7 years) was significantly
higher than the mean age of mothers of Maasai children (30.3 years) (P<0.001). Both
the mothers and fathers of Kamba children were more educated than those of the
Maasai children, with at least 40% of Kamba parents having at least some secondary
education compared to less than 15% of Maasai parents. Approximately half of Maasai
parents had no education at all whereas less than 2% of Kamba parents reported no
education.
The major occupation of the mothers also differed between tribes, with 59.3%
of Kamba mothers reporting their occupation as farmer or agricultural labourer,
whereas 61.5% of Maasai mothers were housewives. The major occupation of both
Kamba and Maasai fathers was farming/ agricultural labourer reported by 48.0% and
43.7%, respectively. No Kamba fathers were reportedly unemployed compared to
11.4% of Maasai fathers. The majority of the mothers from both tribes were married or
living with a partner. Kamba women were more likely to be divorced and Maasai
women were more likely to be widowed.
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Almost half of the households of the Maasai tribe were classified in the lowest
wealth quintile, and the rest were evenly distributed between the other four quartiles.
The majority of the Kamba households were evenly distributed between wealth
quintiles 2 to 5. Maasai were less likely to eat three meals a day than Kamba (57 vs
70%) and over 70% of Maasai had less than one month's food supply stored, compared
to 40% of Kamba.

3.3.2 Health and hygiene characteristics
The health characteristics of the children surveyed are presented by tribe in
Table 3.2. During the last two weeks, significantly more children from the Kamba tribe
were reported to have a cough than children in the Maasai tribe (71.3 vs. 54.5%;
P<0.001). The proportions with a fever and bloody stools were also both significantly
lower in the Maasai tribe (P<0.02). Almost all of the children in each tribe had received
immunisations for measles, tuberculosis, polio and diphtheria/pertussis/tetanus. Maasai
children were much more likely than Kamba to have had an influenza immunisation
whereas Kamba were more likely to have had a rotavirus vaccine. The prevalence of
children who experienced poor appetite during the last two weeks was significantly
higher among the Kamba than for Maasai children (52.1. vs. 31.4%; P<0.001).
Iodine (as iodized salt) was the most frequently used fortificant among the
households of the children, where at least 93% reported using iodized salt. The use of
vitamin A supplements in the 6 months preceding the survey was more common among
Kamba children than Maasai children (77 vs. 42.7%; P<0.001). Only 3.5% of children
overall had ever taken zinc supplements, and only one child had taken iron supplements
in the six months preceding the survey.
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Table 3.2
Health characteristics by tribe
Characteristic
Treated for parasites in the past 6
months
Illness in the past 2 weeks
Diarrhoea
Cough
Fever
Vomiting
Bloody stool
Child Immunisation
Influenza A (H1N1)
Measles
Pneumococco
Rotavirus
Tuberculosis (BCG)
Polio
Diptheria, Pertussis and Tetanus
Poor appetite in last 2 weeks
Vitamin and Mineral Supplements
Vitamin A in the past 6
months
Iodized salt ever
Zinc ever

Kamba
n
190/287

%
66.2

Maasai
n
116/213

%
54.5

P-value
0.001

51/282
201/282
153/282
36/282
9/282

18.1
71.3
54.3
12.8
3.2

53/211
115/211
92/211
34/211
0/211

25.1
54.5
43.6
16.1
0.0

0.109
<0.001
0.021
0.146
0.015

17/287
284/287
141/287
88/287
287/287
287/287
287/287
147/282

5.9
99.0
49.1
30.7
100.0
100.0
100.0
52.1

129/213
199/213
114/213
2/213
211/213
211/213
210/213
66/210

60.6
93.4
53.5
0.9
99.1
99.1
98.6
31.4

<0.001
0.002
<0.001
<0.001
0.1
0.1
0.131
<0.001

221/287

77

91/213

42.7

<0.001

257/287
5/287

89.6
1.8

208/213
11/213

97.6
5.2

<0.001
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Table 3.3 presents household hygiene characteristics and practices. A public tap
or stand pipe was the major source of water for over half of the households of the
participants, but was used by a higher proportion of Maasai households (65.2%) than
Kamba households (65.2 vs. 49.3%). Over a third of Kamba households used rainwater
as a major water source compared to only 3% of Maasai households. Treating water by
boiling or adding bleach was reported to be more commonly practiced in Kamba than
Maasai households.
A pit latrine was the most common type of toilet and was used by nearly all
Kamba households and just over half of Maasai households. The proportion of
households with no access to a toilet was much greater among Maasai households
compared to Kamba households (42.6 vs. 0.4%). Treated nets for mosquito protection
were used by children in just over half of households and were more common among
the Kamba than Maasai households.
Covering food until it is eaten, washing raw food, and washing hands before
feeding children were all reported to be commonly used hygiene practices by mothers
and caregivers in both tribes. Using soap when washing hands before feeding children
was reportedly more commonly practiced by mothers and caregivers in the Maasai tribe
compared to those in the Kamba tribe (72.3 vs. 49.6%).
An open fire in the home was commonly used for cooking in both Kamba and
Maasai households, although Kamba households were much more likely to use a
separate building for cooking than Maasai households. Tobacco use in the home was
more prevalent in Kamba compared to Maasai households (P<0.001).
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Table 3.3
Household hygiene characteristics and practices by tribe
Kamba
n

%

Water Source
Piped water
23/280
8.2
Public tap or stand pipe
138/280
49.3
Dug well, Tube well or bore
hole
14/280
5.0
Rainwater
96/280
34.3
Other
9/280
3.2
1
Treatment of water
Add bleach or chlorine
57/278
20.5
Boiled
25/278
9
Strain through a cloth
1/278
0.4
Nothing - Assume safe
198/278
71.2
Type of toilet
Pit latrine
274/277
98.92
No facility/bush/field
1/277
0.4
Other
2/277
0.7
Shared Toilet
120/280
42.9
House flooding in hard rain
52/280
18.6
Mosquito Protection
House Sprayed
2/280
0.7
Treated nets in household
161/280
57.5
Treated nets used by
children
160/280
57.1
Hygiene Practices
Cover food until eaten
266/280
95
Wash raw food
235/280
83.9
Boil water
33/280
11.4
Wash hands before feeding
child
229/280
81.8
Wash hands with soap
before feeding child
139/280
49.6
Cooking
Open fire in home
59/289
20.4
Open fire in separate
building
179/289
61.9
Open fire outside or no open
fire
51/289
17.2
Tobacco use in home
97/280
34.6
1
Multiple treatments were reported so total may exceed 100%
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Maasai
n
%
17/201
131/201

8.5
65.2

39/201
6/201
8/201

19.4
3.0
4.0

P-value
<0.001

0.116
26/202
13/202
0/202
164/202

12.9
6.4
0
81.2
<0.001

109/277
83/277
3/277
55/201
93/202

55.9
42.6
1.5
27.4
46

0.002
<0.001

0/202
92/202

0
45.5

0.131
0.024

85/202

42.1

0.001

196/202
190/202
21/202

97
94.1
10.4

0.148
0.001
0.243

164/202

81.2

0.267

146/202

72.3

<0.001
<0.001

129/214

59.8

50/214

23.4

36/214
13/202

16.8
6.4

<0.001

3.3.3 Anthropometry
Table 3.4 shows the mean (SD) HAZ, WHZ, and WAZ-scores of the children
by tribe. Kamba preschoolers had significantly lower mean HAZ and WAZ than the
Maasai (P<0.001). However the mean BMIZ scores for both the males and females
were significantly greater for the Kamba than those of the Maasai (P<0.05).

Table 3.4
Mean (SD) anthropometric z-scores by sex and tribe
Tribe
Differencea P-value 95% CI

Kamba
mean (SD)

Maasai
mean (SD)

Male
Female

-1.18 (1.11)
-0.96 (1.29)

-0.09 (1.52)
-0.47 (1.49)

1.06
0.48

<0.001 (0.73, 1.39)
0.021 (0.07, 0.89)

BMI Z-score
Male
Female

-0.59 (0.87)
-0.74 (0.97)

-0.93 (1.01)
-1.02 (0.96)

-0.31
-0.33

0.011
0.008

Weight-for-age Z-score
-1.15 (0.91)
Male
-1.10 (0.98)
Female

-0.67b (1.13)
-1.01b (1.09)

0.46

<0.001 (0.21, 0.72)
0.717 (-0.22, 0.32)

Height-for-age Z-score

a
b

0.05

(-0.55, -0.71)
(-0.57, -0.08)

(Maasai - Kamba) adjusted by age and preschool cluster
Letters indicate differences (P<0.05) between males and females within each tribe

After adjusting by age and preschool cluster, only the WAZ for the Maasai
differed significantly by sex, with Maasai girls having a lower mean WAZ than Maasai
boys (P<0.05). However, for body composition indices adjusted for age and preschool
cluster, Maasai had a significantly greater mean AMA than the Kamba (P<0.04),
although the mean AFA for the two tribes were similar. Within tribes, both Kamba and
Maasai boys had larger mean AMAs than their female counterparts, whereas for AFA,
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only the Maasai girls (but not the Kamba girls) had significantly greater AFA than the
boys (P<0.05) (Table 3.5).
Overall, stunting and wasting was less than 20% and 15% among the children,
respectively. In the Kamba tribe, the prevalence of stunting in the children was higher
compared to the Maasai children (20 vs. 13%), whereas wasting was higher in the
Maasai than in the Kamba (8 vs 15%). In contrast, underweight was comparable in both
groups (17 vs 16%) as was the prevalence of overweight (3 vs 4%) (Table 3.6).

Table 3.6
Prevalence of stunting, wasting and underweight by tribe
Kamba
Maasai
n
%
n
%
Stunted (HAZ <-2 SD)
58/283 20.4
27/207
13.0
a
Wasted (WHZ <-2 SD)
13/219 5.9
18/163
11.0
Underweight (WAZ <-2 SD)
48/283 17.3
33/208
15.9
a
This was calculated based on children between ages 22.5-60 months (n=382)

A univariate regression found that age was significantly positively related to HAZ in
the Maasai tribe only (P<0.001), and birth order was a significantly negatively related
to HAZ in the Kamba tribe only (P=0.031 for second born compared to first born).
However, none of these variables were significantly related to HAZ in the multivariate
regression. Both the univariate and multivariate analysis for WAZ found that age
(P<0.001) and birth order (P=0.041 for third born compared to first born) were
significantly negatively related to WAZ in the Kamba tribe and that tobacco use was
significantly related to WAZ in the Maasai tribe (P=0.039). Age was also found to be
significantly negatively related to BMIZ in both tribes (P<0.001).
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Table 3.5
Mean (SD) arm muscle and arm fat area by sex and tribe
Tribe
Differencea

P-value

95% CI

0.79
0.83

0.005
0.041

(0.24, 1.33)
(0.17, 1.49)

Arm fat area (cm2)
5.52 (1.61)
5.51d (1.69)
Male
0.02
0.939
5.93 (1.84)
6.25d (2.15)
Female
0.24
0.337
a
(Maasai - Kamba) adjusted by age and daycare cluster
b,c,d
Letters indicate differences (P<0.05) between males and females within each tribe

(-0.39, 0.42)
(-0.25, 0.72)

Arm muscle area (cm2)
Male
Female

Kamba
mean (SD)

Maasai
mean (SD)

13.64b (2.13)
12.92b (2.02)

14.45c (2.12)
13.61c (2.29)
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3.3.4 Biochemical status
Of the variables listed in Table 3.7, the mean concentrations of haemoglobin,
ferritin (adjusted for infection) and serum zinc were all significantly higher (P<0.001)
among Kamba than Maasai, whereas AGP (P=0.007), and transferrin receptor
(P<0.001) were significantly higher among the Maasai tribe.
Almost all of the deficiencies listed in Table 3.8 as well as both acute and
chronic infection were more common among Maasai children compared to Kamba.
Measures of iron deficiency showed the greatest difference between the two tribes. For
example the prevalence of depleted iron stores affected over 60% of Maasai children
but less than 10% of Kamba children and tissue iron deficiency was present in three
quarters of Maasai children but only a quarter of Kamba children. Only non-iron
deficiency anaemia was more common among Kamba than Maasai, however this
difference was very small and the total prevalence was less than 5%.
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Table 3.7
Mean and 95% confidence intervals for infection and nutrient biomarkers by tribe.
Variable
C-Reactive protein (mg/L)
ἀ-1-Acid glycoprotein (g/L)
Haemoglobin (g/L)
Transferrin receptor (mg/L)
Adjusted Ferritin (µg/L)
Adjusted RBP (µmol/L)
Serum zinc (µmo/L) 1
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1

Kamba
n
Mean
275 2.37
275 0.91
284 125.0
275 7.61
274 40.18
275 0.96
262 12.75

95% Conf. Int.
1.74 - 3.00
0.87-0.95
123.9-126.1
7.38-7.85
37.40-42.96
0.92-0.99
7.21-21.55

Maasai
n
Mean
207 3.08
207 0.99
209 112.3
207 14.4
207 13.9
207 0.91
198 11.54

95% Conf. Int.
2.20-3.95
0.94-1.04
110.1-114.5
13.23-15.60
12.04-15.82
0.87-0.94
7.70-16.30

Serum zinc has been adjusted for the time of day based on the methods of Arsenault et al. (2011)

P-value
0.1872
0.007
<0.001
<0.001
<0.001
0.0551
<0.001

Table 3.8
Prevalence of nutritional deficiencies and infection by tribe.
Variable
Acute infection
C-Reactive protein > 5 mg/L (%)
Chronic infection
ἀ-1-Acid glycoprotein > 1 g/L(%)
Anaemia
Haemoglobin < 110 or < 115 g/L (%)
Tissue iron deficiency
Transferrin receptor > 8.3 mg/L (%)
Depleted iron stores
Ferritin < 12 or < 15 µg/L (%)
Depleted iron stores with no anaemia
Ferritin <12 or 15 µg/L and
Hb >110 or 115 g/L (%)
Iron deficiency anaemia
Ferritin <12 or 15 µg/L and
Hb <110 or 115 g/L (%)
Non-iron deficiency anaemia
Hb < 110 or 115 g/L and
Ferritin >12 or 15 µg/L (%)
Zinc deficiency
Serum zinc < 9.9 µmo/L (%)1
Vitamin A deficiency
RBP < 0.70 µmol/L (%)
1

Kamba

Maasai

10.9
(30/275)

15.46
(32/207)

28.73
(79/275)

39.61
(82/207)

5.99
(17/284)

39.23
(82/209)

26.18
(72/275)

75.85
(157/207)

7.33
(20/273)

61.84
(128/207)

5.86
(16/273)

26.09
(54/207)

1.47
(4/273)

35.75
(74/207)

4.40
(12/273)

3.86
(8/207)

7.27
(21/289)

12.15
(26/214)

18.18
(50/275)

21.26
(44/207)

Serum zinc has been adjusted for the time of day based on the methods of Arsenault et al.
(2011)
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3.4 Discussion
3.4.1 Socio-economic, health, hygiene and anthropometric status of the two tribes
The Kamba and Maasai in this study live very close together and share
resources, with their tribal homelands separated only by a railroad. Nevertheless, they
have developed and uphold different cultures and livelihoods, an effect that is not usual
and assumed to evolve to reduce competition between the two groups (Mutie, 2003).
For example, the socio-demographic, health, and hygiene characteristics of the two
tribes were markedly different, most notably in relation to education, occupation,
religion, sources of food and water, and household wealth.
In general Maasai parents were less educated and more likely to be in the lowest
wealth quintile compared to Kamba parents. This difference in wealth may explain, at
least partially, the lower parental education level of the Maasai, as primary education in
Kenya has only been freely accessible since 2003 (UNESCO-IBE, 2010). The lack of
wealth in the Maasai tribe may also be attributed, in part, to the development and
privatisation of Maasai-land which reduces the land area available to them for grazing
their cattle (Homewood & Rodgers, 1991), and in turn their ability to earn a liveable
income (Tarayia, 2004). Colonisation and westernisation may also limit the ability of
tribes such as the Maasai to remain self-sufficient and to continue relying on their
traditional diets alone (Raschke & Cheema, 2008; Homewood & Rodgers, 1991).
Both mother's education and wealth have been shown to predict the long-term
nutritional status of a child as indicated by their HAZ score (Bradley & Corwyn, 2002;
Thomas, Strauss, & Henriques, 1991). However in this study, children from the less
educated and less wealthy Maasai tribe had a higher mean HAZ score and a lower
prevalence of stunting, as well as taller mothers compared to the Kamba tribe. This
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finding may be associated, in part, with genetic factors, as significant differences in
height among Maasai compared to the Kamba have been reported by other investigators
(Christensen et al., 2008). However, intergenerational trends in height are not
necessarily due solely to genetic predisposition, but may also be associated with the
fact that both the children and their mothers were exposed to the same cultural and
socioeconomic environment (Martorell & Zongrone, 2012). Indeed, another possible
explanation for the height differences of both mothers and children between the two
tribes may be related to differences in traditional food consumption patterns. The
traditional pastoralist diet of the Maasai includes a high proportion of milk and milk
products (Hansen et al., 2011). Cow’s milk seems to have a positive effect on linear
growth, based on recent reviews summarizing both observational and intervention
studies (Hoppe, Mølgaard, & Michaelsen, 2006; Michaelsen, 2013). This positive effect
is attributed, at least in part, to the stimulation of insulin growth factors by substances
in cow’s milk, the precise composition of which has not yet been identified.
Differences in birth weight may also contribute to the marked discrepancies in height
between the Maasai and Kamba children. For example, birth weight is a strong positive
determinant of height, and as Kamba mothers were smaller than Maasai mothers they
may have been more likely to give birth to smaller infants. Smaller infants are reported
to have a greater risk of stunting in childhood than infants with a larger birth weight
(Victora et al., 2008).
Despite Maasai preschoolers being taller than the Kamba children, they were
significantly thinner based on lower mean BMIZ-scores. This finding may be related to
the lack of food security in the Maasai tribe; families from the Maasai were less likely
to report having at least one months’ worth of food supply stored and were less likely to
eat at least 3 meals per day compared to Kamba families. Maasai relied on purchasing,
44

rather than their own garden, as their main source of food. In addition, almost half of
Maasai were in the lowest wealth quintile and therefore may have struggled to afford to
feed their family adequately.
The traditional diet of the Maasai children and their less frequent access to
acceptable sanitation facilities may also be factors contributing to their lower mean
BMIZ-score. Maasai are predominantly cattle herders and killing cattle for food occurs
infrequently as they are an important source of income (Tarayia, 2004). Even when
cattle or other livestock are killed for meat, it is usually the male head of the household
who are given the first and biggest share of the meat, with children often receiving
none. Instead, milk can account for as much as 53% of the energy intake of 2-5 year old
Maasai preschool children (Nestel, 1989). In some circumstances, however, milk may
be in short supply for the children because if a Maasai mother believes her children
have enough, excess milk will be given to her calves to ensure they are as well fed as
her family. Such a practice may account for the absence of a positive relationship
between wealth and anthropometric indices within the Maasai tribe, as those
households which are able to produce more milk are more likely to use the excess to
improve the health of their cattle rather than the children (Homewood & Rodgers,
1991). Finally, the lack of sanitation facilities by nearly half of the Maasai in our study
has the potential to increase their risk of parasitic infection, resulting in reduction in
appetite and possibly an increased prevalence of diarrhoea (Tumwine et al., 2002), and
as a consequence, poor weight gain (Latham, Stephenson, & Kurz, 1990; Stephenson,
Latham, Klnotl, Pertet, & Adams, 1993).
In most sub-Saharan African countries, including Kenya, stunting is reported
to be more common among males than females (Wamani, Astrøm, Peterson, Tumwine,
& Tylleskär, 2007). However in this study, stunting was independent of sex, a trend
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that may be related to the improvements in health and nutrition among the preschoolers
associated with the activities of ChildFund's aid programme. Certainly, according to the
prevalence of stunting among the Maasai preschoolers (i.e., 13%) was classified as low
(i.e., <20%), and among the Kamba (i.e., 20%) as medium (i.e., 20-29%), although for
underweight, the prevalence in both tribes (i.e., 17% vs. 16%) would be classified as
medium (i.e., 10-19%) (WHO, 1995).

3.4.2 Biochemical assessment of Kamba and Maasai preschool children
Our results show a relatively low prevalence of vitamin A deficiency and zinc
deficiency (after adjusting for time of day) in both the Maasai and the Kamba. In
contrast, the prevalence of anaemia and iron deficiency varied significantly between the
two tribes, a trend consistent with the socio-demographic and anthropometric variables
discussed earlier. Many factors may have contributed to these marked tribal differences.
Vitamin A status
The preschool children in our study were given vitamin A supplements as part
of a national programme (Wagah, Bader, Deligia, & Dop, 2005), so it is not surprising
that the prevalence of vitamin A deficiency was relatively low in both tribes.
Nevertheless, according to our survey, only 77% of Kamba and 43% of Maasai children
had been supplemented with vitamin A in the 6 months preceding the survey. This
difference probably arose because the semi-nomadic Maasai children were often away
from school during the dry season, and as a consequence, there was a tendency for the
prevalence of vitamin A deficiency to be higher in the Maasai compared to the Kamba
children (Table 3.8).
The vitamin A status of the children in this study was assessed using plasma
concentrations of retinol binding protein (RBP) rather than plasma retinol, as
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recommended by WHO (WHO, 2011). RBP was chosen as it is less costly, more stable
when exposed to light and heat and usually highly correlated with retinol status (Hix et
al., 2006; WHO, 2011). The cut off applied to determine whether or not a child is
vitamin A deficient is usually the same cut off for both RBP and retinol, assuming that
the concentration of RBP accurately reflects the concentration of retinol (Almekinder et
al., 2000). More recently, Engle-Stone et al. (2013) suggest this is not always the case,
particularly in the presence of protein energy malnutrition, and iron deficiency and
infection, two conditions noted here, especially among the Maasai preschoolers. In this
study, we adjusted the RBP to take into account the negative impact of elevated levels
of plasma CRP and/or AGP indicative of inflammation and infection on RBP
concentrations using the method of Thurnham et al. (2010). However, we applied a
plasma RBP concentration of less than 0.7 µmol/L as indicative of vitamin A
deficiency, as we were unable to compare our plasma RBP concentrations with those
for plasma retinol, as recommended by Engle-Stone et al. (2013).
Vitamin A status must also be considered when assessing iron and anaemia
status, as reported in a study of anaemia among Malawian preschool children (Calis et
al., 2008). Even marginal vitamin A status has been positively associated anaemia
(Thurlow et al., 2005). The precise mechanism whereby vitamin A impacts on iron
status and anaemia is uncertain. Vitamin A plays a role in red blood cell production via
stimulating production of erythropoietin (Zimmermann et al., 2006). It may also
improve intestinal absorption of iron and be involved in the mobilization of iron from
existing spleen or liver stores into the bone marrow to support increased erythropoiesis
(Fishman, Christian, & West, 2000). Vitamin A deficiency can also increase the risk of
infection by compromising mucosal immunity. Increased infections, in turn, can
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increase the risk of iron and other micronutrient deficiencies through excess loss and
malabsorption. (Semba, 1994).
Anaemia and Iron status
There are a number of reasons why the prevalence of anaemia and the
biomarkers of iron status differed so markedly between the Maasai and the Kamba
tribes. The first is differences in their traditional diets. Maasai greatly value their cattle
and idealise a diet of meat, milk and blood (Århem, 1989). Hence, theoretically, a diet
based on animal-source foods should not be associated with low iron status among the
Maasai children. However this ‘ideal’ diet is too expensive for most Maasai families
(Mutie, 2003), so instead Maasai obtain a high proportion of their energy from milk and
milk products with meat consumption being reserved for traditional ceremonies and
celebrations (Århem, 1989). For example, a study by Hansen etal. (2011) found that
19% of the energy intake among Maasai adults was from milk and milk products,
compared to only 2% of energy intake among Kamba.
The high intake of cow’s milk among Maasai may also be an important factor
contributing to their high risk of anaemia, and specifically iron deficiency anaemia. For
example, in a study of 6-59 month old Brazilian children, a high consumption of cow’s
milk was a significant risk factor for anaemia (Oliveira, Osório, & Raposo, 2007).
Several mechanisms have been identified (Ziegler, 2011). Casein and other milk
proteins found in cow’s milk bind non-haem iron and limit its absorption (Hurrell et al.,
1989). Cow’s milk also has a low iron content so when intake of cow’s milk is high, it
may reduce the intake of other foods rich in absorbable haem iron such as meat, fish or
poultry (Kibangou et al., 2005; Oliveira et al., 2007).
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Inflammation/infection may be an additional factor contributing to the
difference in the prevalence of anaemia and iron deficiency between the two tribes.
Infection can cause both increased losses and decreased absorption of several
micronutrients including iron, thereby decreasing iron status (Bhutta, 2006). In this
study, the prevalence of chronic infection (based on an elevated AGP) was significantly
higher in the Maasai compared to the Kamba (Table 3.8). Parasitic infections such as
helminths, for example, may induce excessive loss of iron in the intestine (Crompton &
Nesheim, 2002), although there were no reported differences in the proportion of
Maasai compared to the Kamba receiving deworming treatment in this study, with more
than two thirds in both tribes receiving deworming in the last six months. Anemia and
iron deficiency are also caused by malaria, and throughout Kenya, anaemia is more
prevalent in areas where malaria is endemic (Bwibo & Neumann, 2003). Unfortunately,
we were not able to examine our blood samples for malaria parasites so we were unable
to assess whether malaria contributed to the discrepancies noted above between the
prevalence of anaemia and iron deficiency between the two tribes. However according
to the self-reported results of the hygiene survey, a higher proportion of Kamba
children slept under treated mosquito nets than Maasai children (57.1% vs 42.1%,
P=0.001). This may have meant that Maasai children had higher risk of Malaria than
Kamba children.
Iron deficiency was not entirely limited to the Maasai tribe, with 6% of the
Kamba also being anaemic, of which less than 2% was attributed to iron deficiency
based on depleted iron stores. As with Maasai, infection may have contributed to some
of the iron deficiency in the Kamba tribe. In addition, the traditional diet of the Kamba,
unlike the Maasai, is based on unrefined cereals and legumes, which together contain
with two inhibitors of non-haem iron absorption (Hansen et al., 2011). These inhibitors,
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namely phytate and polyphenols form insoluble complexes with non-haem iron in the
gastro-intestinal tract, thus reducing iron absorption (Gibson, Bailey, Gibbs, &
Ferguson, 2010). These simple plant-based diets consumed by the Kamba are much
cheaper and easier to obtain than mixed diets containing readily absorbable haem iron
from expensive flesh foods. Hence, the ability of Kamba families to consume diets in
the home high in bioavailable haem iron is limited.
A small proportion of the anaemia in both tribes was not associated with iron
deficiency. Red blood cell production also involves a number of vitamins such as
vitamin A, folate, vitamin B12, riboflavin and vitamin B6, and deficiencies of these
vitamins may have contributed to some of the non-iron deficiency anaemia. (Fishman et
al., 2000). Perhaps a more likely explaination for non-iron deficiency anemia among
children in our study is infection, or anaemia of chronic disease (Weiss & Goodnough,
2005). One third of the children in our study had high concentrations of AGP (> 1g/L),
which suggests a high prevalence of chronic infection among the children and shown to
be higher among Maasai than Kamba (39.6% vs 28.73%). Chronic infection can result
in defects in the release of iron and transportation by transferrin. This decreases iron in
the bone marrow even when iron stores are adequate (Gibson, 2005).
Among populations with a high risk of infectious diseases, such as the
preschoolers studied here, the prevalence of infection must also be considered when
interpreting micronutrient biomarkers. Plasma ferritin is an indicator of storage iron but
also acts as an acute phase protein, increasing during infection. Hence, in this study
concentrations of plasma ferritin were adjusted for infection, as noted for RBP levels
(Thurnham et al. 2010), prior to calculating the prevalence of depleted iron stores and
iron deficiency anaemia (Table 3.8).
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Zinc status
Zinc is an essential micronutrient and is involved in a variety of functions in
metabolism which have been classified as catalytic, structural, and regulatory (King,
2011). Zinc is present within every cell in the body, and as a consequence has a role in
many biochemical processes. Hence the health effects of zinc deficiency are nonspecific, affecting immune and reproductive function as well as physical growth and
brain development (Gibson, 2007). Like iron, the bioavailability of zinc in the diet has
an important impact on the adequacy of zinc intake, whereas frequent infections can
have a negative impact zinc status.
In this study, there was a low prevalence of zinc deficiency among both the
tribes, although the prevalence was nearly twice as high among the Maasai as the
Kamba. Diarrhoeal diseases can be important factors contributing to zinc deficiency,
especially during childhood when zinc requirements are high to meet the needs for
rapid growth. During diarrhoeal episodes, there is excess losses of zinc from the body
(King, 2011). Repeated infections, even at a subclinical level, are additional factors
exacerbating risk of zinc deficiency especially among the Maasai in whom the
prevalence of elevated biomarkers of chronic infection was nearly 40%, attributed, at
least in part to their limited hygiene and sanitation facilities (Table 3.3). Chronic
infections damage the wall of the intestine and alter its permeability, thus reducing the
ability to absorb zinc (Bhandari, Bahl, Hambidge, & Bhan, 1996; Bhutta, 2006). In
addition, infections impair appetite, resulting in a reduction in food intake, including
zinc, thus contributing to risk of zinc deficiency (Gibson, 1994). The predominantly
plant-based high phytate diets of the Kamba probably played an additional role in the
prevalence of zinc deficiency because their zinc content is poorly bioavailable. The

51

absorption of zinc, like iron, is known to be markedly reduced in the presence of
phytate (Gibson, Bailey, Gibbs, & Ferguson, 2010).
It is generally recommended that blood samples for plasma zinc analyses are
taken from fasting participants early in the morning because time since last meal and
time of day both alter the concentrations of plasma zinc (Arsenault et al., 2011). For
this reason the preschoolers in our study were instructed to arrive fasting, preferably in
the morning, and were given food immediately after having their blood sample taken.
However the blood samples were taken from each child after anthropometric
measurements and the caregiver’s interview. As a result, the time of blood sampling
varied from 7:51am to 2:41pm. As a result, we have adjusted for this difference in time
according to the methods by Arsenault et al. (2011). After adjusting for time of day, the
prevalence of zinc deficiency in both tribes decreased dramatically from 28.7% to 7.3%
in the Kamba tribe and from 54.2% to 12.2% in the Maasai tribe.
Zinc deficiency has been shown to be an important contributor to stunting and
poor development in children (Fischer Walker & Black, 2007). Some of the functions
of zinc include roles in bone metabolism, protein synthesis and cell division. These key
functions, among others, may explain the mechanism underlying this relationship
between zinc and growth (Salgueiro et al., 2002). However, among the children in our
study, Maasai had nearly twice the prevalence of zinc deficiency as Kamba, and yet
Maasai had a lower prevalence of stunting (Table 3.6) This finding suggests that the
Maasai may be genetically predisposed to be taller than the Kamba, and that other
factors such as their increased milk intake may contribute to the lower prevalence of
stunting among the Maasai.
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3.4.3 Comparison of variables for the two tribes with data from Kenyan
Demographic and Health Survey and other national surveys
The prevalence of stunting and underweight was lower among children in this
study compared to the corresponding data for the region of Emali and surrounding
counties reported in the 2008-09 Kenyan DHS (KNBS and IFC Macro, 2010). This
finding may be in part because the regional data were taken from a much broader area
and included a number of different tribes. In addition, the schools included in this study
were part of the Childfund Emali dedicated project, so the households of the
preschoolers studied had been recipients of more charitable aid than other areas of the
region. This reasoning may also, at least partially, explain some of the differences seen
between our study and the DHS data from the surrounding regions.
The parental education level of both the Kamba and the Maasai in our study
differed markedly from that reported in the DHS survey for the Emali region and
surrounding counties. For example, the proportion of parents with no education as
reported in the DHS, was much lower than the Maasai in our study, but much higher
than the Kamba in our study. However, the overall proportion of parents with no
education across both tribes in our study was similar to the relevant counties as reported
in the DHS. Overall, the occupations of the households were similar to those reported
in the DHS for the surrounding area, although our sample had a higher proportion of
unemployed men (KNBS & ICF Macro, 2010).
The children from both the Kamba and Maasai tribes had a higher prevalence of
cough, fever and diarrhoea compared to the data for the counties in which they lived,
possibly because the quality of the drinking water was poor, based on the lack of water
treatment compared to that reported in the DHS survey (KNBS & ICF Macro, 2010).
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The children in our study had slightly higher immunisation rates than the
surrounding regions, although whether the children had been given all three doses of
the polio or DPT immunisations is uncertain. Data from the DHS shows that almost all
children who received at least one DPT and polio immunisation, returned for their
second and third doses, therefore it is likely that the majority of children who were
reported to have had their polio and DPT immunisations received all three doses
(KNBS & ICF Macro, 2010). Coverage for pneumococcal immunisation was much
lower (about 50%) for the preschoolers than for TB, measles, diphtheria, pertussis and
tetanus, probably because this vaccine was not introduced into Kenya until February
2011 so that its coverage was not reported in the Kenyan 2008 DHS. Likewise,
rotavirus immunisation was only introduced into the Kenyan immunisation schedule in
July 2014, (WHO, 2014) so coverage was low, especially among the Maasai; no
comparison with the DHS data are available.
A higher proportion of both Kamba and Maasai reported using a public
tap/stand pipe as their main source of water compared to the DHS data, although the
latter data were only reported for the whole country and not for the individual regions.
The overall proportion of households in our study with no access to any type of latrine
was similar to the DHS Kenyan average, and like the DHS, a pit latrine was the most
common type of latrine used by households (KNBS & ICF Macro, 2010).
No biochemical data were collected for the Kenyan DHS in 2008-09. However
a similar national study in 2010 found that among children age 6-59 months, 41% were
moderately anaemic (Hb 80-109 g/L) and 5% were severely anaemic (Hb < 80 g/L).
These results are much higher than the Kamba in our study (6% anemic), however they
are similar to the prevalence of anemia among Maasai (39.2%) (Division of Malaria
Control, Kenya National Bureau of Statistics, & ICF Macro, 2011). The mean
54

haemoglobin concentration in this national survey study among children in the same
age group was 109 g/L compared to 125 g/L in the Kamba and 112.3 g/L in the Maasai
reported in our study. This finding suggests that the interventions currently introduced
by ChildFund to improve micronutrient malnutrition in this population, may be
effective for reducing anaemia in the Kamba but not in the Maasai (Division of Malaria
Control, Kenya National Bureau of Statistics, & ICF Macro, 2011).
An earlier national representative survey (2005) by the Food and Nutrition
Division of the FAO assessed the prevalence of both vitamin A and zinc deficiency
(Wagah et al., 2005). Among children under six years old, 84.4% were vitamin A
deficient (serum retinol <0.7 µmol/L), the prevalence was even higher in dry, humid &
semi-arid regions (88.9%). This report suggests that only one third of children under
five were receiving vitamin A supplementation, however in our convenience sample
study 43% of Maasai and 77% of Kamba were receiving vitamin A supplementation,
which may explain the much lower prevalence of vitamin A deficiency in our sample.
Another national survey conducted in 1999 found that about 50% of under six year old
children were zinc deficient (GOK & UNICEF, 2002), which is substantially higher
than the results of our study and once again, may reflect the benefits of the meals
provided by ChildFund supported preschools. However to our knowledge serum zinc
were not adjusted for time of day.

3.4.4 Strenths and Limitations
This study has a number of strengths and limitations that should be considered
in the interpretation of the results. Unlike the Kenyan DHS survey and other national
surveys, we examined the socio-economic, health, hygiene, anthropometric and nutrient
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status of these preschoolers by tribe. This is important in view of the marked,
statistically significant difference in the stature of the Maasai preschoolers emphasized
here, which is attributed, at least in part, to genetic differences in their growth potential.
Moreover, standardized procedures and the same calibrated equipment were used by
experienced anthropometrists for taking the anthropometric measurements on each
tribe.
However, because our sample of preschoolers was restricted to those attending
the ECD Centres sponsored by Childfund, and Childfund had been working in the study
area for twelve years, neither the preschoolers nor their households were representative
of those living in this region of Kenya. Moreover, the socio-demographic, health, and
hygiene data collected were based largely on parental reports, although some mothers
did bring immunisation records so that their child's birth date and immunisations could
be verified. Finally, although our sample size was large, with an even distribution of
Kamba and Maasai children spanning the age range from three to six years, we have no
data on those children whose parents refused to participate in our study, so whether
these children differed significantly from those who participated, is unknown.

3.5 Conclusion
In summary, this study has highlighted a high prevalence of anemia and acute
and chronic infection, and a medium prevalence of stunting and underweight albeit
lower than those reported in the most recent national Kenya DHS. Moreover, these
results demonstrate several differences in socio-demographic, health and hygiene
characteristics, anthropometry and nutrient status between Maasai and Kamba
preschool children attending the ECD Centres in Emali, Kenya. These findings suggest
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that interventions implemented to improve the nutritional status of the children in this
community may not be equally effective for each tribe. Factors such as differences in
wealth and education, as well as differences in cultural norms, would need to be
considered to ensure an intervention is likely to be both acceptable and effective.
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4

Dietary assessment of preschool meals

4.1 Introduction
Hunger and inadequate food supply affect a large part of Kenya’s population
with serious consequences for health, quality of life and survival, especially in children.
At present, Kenya is ranked 33rd globally in under-5 mortality rates and the country is
not on track to reaching the Millennium Development Goals of reducing the under-5
mortality by two thirds between 1990 and 2015 (UNICEF, 2013). Undernutrition is a
contributing factor for at least one-third of child mortality, accounting for 29150 deaths
per year among Kenyan children under-5 and stunting growth among a further 2.4
million children (UNICEF, 2013). Undernutrition is also inextricably linked with
increased risk of infection, and impaired mental development leading to decreased
learning capacity. Moreover, the consequences of undernutrition in childhood continue
to negatively impact health and productivity in adulthood (Victora et al., 2008).
The causes of undernutrition are multidimensional. Inadequate food intake and
poor utilization of nutrients due to infectious diseases represent immediate causes while
the underlying causes are inadequate child care, household food insecurity and lack of
access to health services, safe water and sanitation (UNICEF, 1998). In Kenya, almost a
quarter of the population (10 million people) are chronically food insecure (KARI,
2012). Factors contributing to the existing food crisis include recurrent droughts, high
costs of domestic food production, displacement of a large number of farmers in the
high potential agricultural areas following the post-election violence in 2008, high
global food prices and low purchasing power for large proportion of the population due
to high level of poverty (KARI, 2012). Agricultural households, agro-pastoralists,
pastoralists and the urban poor have been especially affected.
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In an effort to target vulnerable populations, many low-income countries including
Kenya are expanding school feeding programmes in food insecure regions. In addition
to making a positive contribution to reducing hunger and improving nutritional intake,
school meal programmes can have positive life-long health and cognitive benefits
(Greenhalgh, Kristjansson, & Robinson, 2007; Jomaa, McDonnell, & Probart, 2011).
Nonetheless, these programmes face many challenges including the high costs of
operation and the lack of capacity to secure food locally (The World Bank, 2012).
Often these programmes are supported in partnership with the World Food Programme
and other non-governmental organizations.
In 2002, ChildFund introduced a supplementary feeding program, targeting
preschool children, mainly through its sponsored Early Childhood Development (ECD)
centres in the town of Emali and its surrounding counties. The program offers a midmorning daily ration of multimicronutrient corn soy blend (CSB) porridge to all
preschool children in addition to their daily mid-day school meal of Githeri, a
traditional meal composed of beans and maize. It is estimated that 1400 preschool
children in the 2013-2014 school year will benefit from the school feeding programme.
Often these meals may be the only food the children are given each day, and therefore
the dietary supply from the schools gives an indication of the adequacy of the children's
diets. (crippina ref). To date, there has been no evaluation of the effectiveness of the
school feeding programme with respect to its impact on dietary adequacy and
alleviation of hunger. The aim of the present study was to evaluate the nutrient
adequacy of the meals provided for the children aged three to six years at the
ChildFund ECDs in Emali and the surrounding counties, and recommend strategies,
where possible, to improve the nutritional value of the meals offered.
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4.2 Methods
4.2.1 Study sites and participants:
The population who took part in this survey consisted of preschool centres with
children aged 3-5 years in Makueni and Kajiado Counties in the area surrounding the
town of Emali. Emali is situated on the Trans-Africa highway, 132 kilometres southeast
of Nairobi. Local people in Kajiado Country are predominantly of the Maasai tribe who
are a Nilotic speaking group and largely pastoral. The Kamba tribe, a Bantu speaking
group, inhabit Makueni Country and are mixed farmers. The study area is semi-arid
with altitude gradients ranging from 1000 to 2000 metres above sea level.
Distinguishable seasons generally include long rains from March to May, short rains
from October to November, a warm dry season from January to March and a cooler dry
season from July to September. The survey was conducted between February and
March 2014.
Twenty-three schools were selected from 36 ChildFund constructed preschool
centres in the region. No attempt was made to select a random sample of children for
this project; however, the children were purposively sampled by age group (2-3, 3-4
and 4-5 years old), gender, and tribe (Maasai and Kamba). Written informed consent
was obtained from all of the children’s caretakers before enrolment. The study was
approved by the University of Otago Human Ethics Committee, Dunedin, New
Zealand; Kenyatta University Ethics Review Committee, Kenya and the National
Commission for Science, Technology and Innovation, Nairobi, Kenya. Permission to
conduct the survey was also obtained from the Kenyan Ministry of Health.
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4.2.2 Assessment of food intake from school meals
All of the preschools provided a mid-morning snack and a main lunch meal.
The mid-morning snack, typically served at 1000 hours, was a multimicronutrientfortified, corn soya blend (CSB) porridge known by the brand name UNIMIX.
UNIMIX is comprised of 80% unrefined white maize flour, 20% whole grain soya
flour, and a vitamin and mineral mix that included iron, zinc, and vitamin A, among
others (Table 4.1). UNIMIX is a supplementary food that is meant to be eaten in
addition to normal family food to improve the diet of children and other vulnerable
groups. Although pre-cooked, it is not an instant product and must be reconstituted with
water or milk and cooked for approximately 5-10 minutes (UNICEF Factsheet:
Cooking porridge with UNIMIX). To increase the energy density, oil, sugar and
seasonal fruit and vegetables can be added. The main lunch meal was a Kenyan
traditional meal called Githeri (also known as Muthere, or Mutheri) which was served
at mid-day. Githeri is one of the main staple foods in Kenya, and is typically made of
dried or fresh maize kernels and any type of dried beans mixed and boiled together.
Volunteer cooks prepared the school meals daily and standard portion sizes
were served to all children. As each dish was prepared, trained community health
workers compiled a detailed list of raw ingredients including brand names where
applicable, and the method of preparation and cooking was recorded. The amount of
each raw ingredient was measured in grams using a digital scales accurate to ± 1 g
(Salter, Tonbridge, UK) or millilitres using a plastic graduated measuring jug. In some
cases, the weight recorded on the food packaging was used to estimate larger quantities
of ingredients. The amount of each dish consumed by the children was measured by
either weighing or recording the volume of the standard serving provided to each child.
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Table 4.1
Nutrient content and chemical fortificant form of dry UNIMIX porridge
Labelled Analysed
Nutrient
Type of fortificant
amount
amount per
per 100 g 100 g1
Energy (kJ)
1588
Energy (kcal)
380
Protein (g)
18
Fat (g)
6
Carbohydrate (g)
60
Vitamin A (RE)
Vitamin A Palmitate
637.5
Vitamin B1 (mg)
Thiamine Mononitrate
0.7
Vitamin B2 (mg)
Riboflavin
0.5
Niacin (mg)
Nicotinamide
9
Vitamin B6 (mg)
Pyridoxine Hydrochloride 0.7
Folate (ug)
Folic Acid
200
Vitamin B12 (µg)
Vitamin B12
4
Vitamin D (IU)
Vitamin D3
200
Calcium (mg)
Di-Calcium Phosphate
800
71.8 (5.9)
Phosphorus (mg)
Mono-calcium Phosphate
600
Iron (mg)
Ferrous Fumarate
18
17.7(2.2)
Zinc (mg)
Zinc Oxide
3
17 (3.3)
Vitamin C (mg)
Ascorbic Acid
40
Iodine (µg)
Potassium Iodate
50
Phytate (mg)
479.5 (19.7)
¹Analysed in 8 batches and presented as mean (SD)
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If a second helping was provided to the children, the amount of the second serving
portion was also recorded.

4.2.3 Food sample collection and chemical analysis for iron, zinc, calcium and
phytate
Samples of the UNIMIX flour, dried raw white maize kernels (Zea mays), dried
red kidney beans (Phaseolus vulgaris L.) and rose coco beans (Phaseolus vulgaris var.
Rose coco) were collected at most schools. The UNIMIX flour samples were combined
to form one composite food sample. After thorough mixing of the composite sample,
eight representative portions of the dried UNIMIX porridge (approximately 160g) were
removed and stored in labelled, trace-element free, zip-lock plastic bags. Samples of
dried beans and maize were pulverized separately in a large pestle and mortar, mixed
thoroughly, and representative samples (six samples of maize and five samples of
beans) taken from each composite and stored in labelled trace-element free zip-lock
plastic bags. All food samples were then transported to the Department of Human
Nutrition, University of Otago, New Zealand for compositional analysis.
Moisture content of the food samples was determined by measuring the weight
of each sample, then drying the samples in an oven at 135oC to a constant weight. The
samples were cooled for an hour until reaching room temperature, and re-weighed. The
change in weight was calculated and used to calculate the eage of moisture in the
original sample (Gibson & Ferguson, 2008).
An aliquot was taken from each composite food sample (approximately 5 g) and
prepared for iron, zinc, and calcium analyses by microwave-assisted acid digestion with
69% Hyperpure HNO3 (5 mL) (Arista, BDH Laboratory Supplies) using a MARS
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Xpress microwave system (CEM Corporation, Mathews, NC, USA) equipped with
temperature control to 200°C. Concentrations of iron, zinc, and calcium were analyzed
in the ashed aliquots using an automatic injection flame atomic absorption
spectrophotometer (AA-800, Perkin-Elmer Corp., Normwalk, CT, USA). For calcium
analyses, lanthanum chloride (1%) was added to both samples and standards to
overcome interference from phosphorous. Two standard reference materials (SRM) –
citrus leaves (SRM-1572) and rice flour (SRM-1568a) – were purchased from the
National Institute of Standards and Technology (Gaithersburg, MD, USA) and analysed
with each batch to check the accuracy and precision of the analytical procedures. For
the Citrus Leaves (SRM-1572) the mean iron, calcium and zinc concentrations were
96.9 μg/g; CV 2.1% (certified value 90.0 ± 10.0 μg/g), 32.1 mg/g; CV 9.2% (certified
value 31.5 ± 1.0 mg/g) and 27.2 μg/g; CV 4.0% (certified value 29.0 ± 2.0 μg/g),
respectively. For the Rice Flour (SRM-1568a), the mean zinc and iron concentrations
were 19.1 μg/g; CV 1.6% (certified value 19.4 ± 0.5 μg/g) and 7.6 μg/g ; CV 1.7%
(certified value 7.4 ± 0.9 μg/g), respectively. Interestingly, the average analysed
calcium value of 72 mg per 100 grams UNIMIX differed substantially from the
manufacturer’s labelled value of 800 mg per 100 g UNIMIX. In contrast, the average
analysed zinc level was higher than manufactured labelled values (17 mg vs 3 mg per
100 g UNIMIX, respectively). Monitoring unimix recommendation
The phytate content of the beans, maize and UNIMIX were determined by the
method of Lehrfeld (1989). Details of the extraction, separation and detection
procedures for hexa- (IP-6) and penta- (IP-5) inositol phosphates (IPs) have been
reported previously (Hotz & Gibson, 2001). Briefly, IPs were analyzed using highperformance liquid chromatography (HPLC) using a Waters 2690 Separation Module
(Waters, Milford, MA, USA) and a differential refractometer (410 Differential
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Refractometer, Waters, MA, USA) after extraction and separation of the IP-5 and IP-6
by a Hypersil column (H30DS-250A, HICHROM, Berkshire, England). IP
concentrations were calculated from regression equations derived from the different
concentrations of the standard solutions and peak areas of the samples. Concentrations
of IP-6 and IP-5 were expressed on a dry weight (DW) basis (mg per 100 g DW). The
inter-run coefficient of variation (CV) for the HPLC method was 5.2%. The
concentration of combined IP5 and IP6 in maize flour (72% extraction rate) was 677
mg/100g dry weight compared to an average value of 730 mg/100g dry weight
generated earlier in our laboratory. Molar ratios of phytate:iron and phytate:zinc for
each composite food sample were then calculated from the analysed values.

4.2.4 Calculating the nutrient supply and adequacy of the school meals
The nutrient content per 100 g for each of the cooked school meals were
calculated from the recipe data, using the nutrient values for the raw ingredients.
Nutrient values for the UNIMIX were based on the manufacturer labelled content with
the exception of analysed amounts of iron, zinc, calcium and phytate (Table 4.1). For
the githeri, nutrient values for the raw ingredients were obtained from the USDA
National Nutrient Database for Standard Reference, Release 26 (U.S. Department of
Agriculture & Agriculture Research Service, 2013), with the exception of analysed
amounts of iron, zinc, and calcium, and adjusted for differences in moisture content.
(Table 4.2). Retention factors (USDA, 2007) were applied to readjust the quantities of
those nutrients that were lost during cooking. The final weight of the cooked recipe was
then determined by using yield factors (Bognar, 2002) to account for changes in weight
during cooking.
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Table 4.2

Nutrient composition of dried maize kernels, red kidney beans and rose
coco beans¹
Red Kidney
Maize
Rose Coco Beans
Beans
Nutrient
per 100 g
per 100 g
per 100 g
Energy (kJ)
1589
1465
1463
Energy (kcal)
380
350
350
Protein (g)
9.7
23.4
23.4
Fat (g)
5.1
1.1
1.1
Carbohydrate (g)
73.8
63.7
63.67
Vitamin C (mg)
0
4.7
4.7
Thiamin (mg)
0.2
0.6
0.6
Riboflavin (mg)
0.1
0.2
0.2
Niacin (mg)
3.3
2.2
2.2
Folate (DFE µg)
409.6
409.3
Vitamin A (µg RE)
0
0
Vitamin D (IU)
0
0
Zinc (mg)
1.5 (0.6)
3.0 (0.2)
3.5
Calcium (mg)
1.7 (0.6)
43.8 (1.0)
58.8
Iron (mg)
4.0 (2.8)
39.8 (29.0)
17.3
Phytate (mg)
452.5 (46.4) 462.5 (56.6)
455.3
1

Based on values obtained from the USDA Nutrient Database adjusted for
differences in moisture content with the exception of calcium, iron, zinc and
phytate which were based on the mean (SD) analysed amount in maize (6
batches), red kidney beans (3 batches), and rose coco beans (1 batch).
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Manual calculation of the energy and nutrients supplied by the school meals to
each child were calculated based on the weight of the average serving size consumed
by the children and the corresponding nutrient content of the cooked dish. In cases
where all the attending school children were reported to have been served a second
helping, the average weight of this second serving size was added to the total serving
size weight. However, in the schools where only a few children had a second serving,
the serving size was based on the average standard weight of the first serving only.
The adequacy of the supply of energy (kJ/day) and selected nutrients supplied
from the school meals was evaluated qualitatively by comparing the median (IQR)
supply with the Estimated Average Requirement (EARs) for energy (FAO/WHO/UNU
2001) and nutrients (Allen et al., 2006) and the Recommended Nutrient Intakes (RNIs)
(Allen et al., 2006) as recommended by Barr et al. (2002). In addition, the percentage of
energy supplied from macronutrients (protein, carbohydrate and fat) for each school
meal and the combined meals was calculated and compared to the population target
range set by WHO (2003) and FAO (2010).

4.3 Results
Five of the 23 schools (n=3 Kamba, n=2 Masaai) had missing, incomplete or
inaccurate school meal recipe data and were excluded from the dietary analysis. In
total, 18 preschools provided dietary school meal data for the analysis (n=10 Kamba,
n=8 Maasai). In general, UNIMIX porridge was made with dry porridge, water, and
vitamin A fortified oil. Githeri was made with dried white maize kernels, beans (red
kidney or rose coco), oil and salt. None of the schools added vegetables to the githeri
with the exception of one school, which added onion.
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Table 4.3 ctd.
Standard meal serving size in grams and corresponding energy supply (kJ) of each meal by school and tribe1
UNIMIX
Githeri
Total
1
Schools by tribe
grams
kJ
grams
kJ
kJ
Maasai tribe
Entaretoi
452
1041
414
1632
2673
Nembuya
326
715
268
1507
2221
Nkusso
341
763
272
1280
2043
Noombala
324
745
284
1443
2188
Noongabolo
320
655
324
1222
1877
Oldonyo Lenkai 649
1244
262
1375
2619
2
Oltinka
460
788
290
1107
1895
Paranae
296
1345
262
1254
2598

1
2

Median (IQR)
333 (321-458) 775 (722-1193) 278 (265-315)
Tribe based on the majority of students attending each school.

1327 (1230-1491)

2205 (1932-2614)

Second serving provided to all children included in the standard serving size.
Second serving provided to some, but not all, children. This second serve was not included in the standard
serving size.
3

Table 4.3
Standard meal serving size in grams and corresponding energy supply (kJ) of each meal by school and tribe1
UNIMIX

Githeri

Schools by tribe

grams

kJ

grams

kJ

Total
kJ

Kamba tribe
Emali
Iviani
Kalima
Katingani
Kiliku
Kivani
Matiku
Mulala
Nduundune
Tutini

269
7202
5642
3153
4783
462
298
382
3143
5952

326
792
1964
1082
1983
1030
648
1016
507
1370

414
377
400
5763
360
436
428
240
240
272

1971
1850
2456
1880
2238
1112
1051
1190
1144
1198

2296
2642
4420
2962
4220
2142
1699
2206
1651
2568

1524 (1136-1948)

2432 (2031-2882)

1
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1
2

Median (IQR) 422 (310-458) 1023 (613-1298)
314 (240-411)
Tribe based on the majority of students attending each school.

Second serving provided to all children included in the standard serving size.
Second serving provided to some, but not all, children. This second serve was not included in the standard serving
size.
3

4.3.1 Energy and nutrient content of the school meals supplied to the preschool
children
Standard meal serving sizes and their corresponding energy supply varied
widely by school as depicted in Table 4.3 and Appendix E. Three of the 10 Kamba
schools provided a second serving of UNIMIX porridge to all attending children with
one of these schools also providing a second serving of githeri to some of the children.
In contrast, only one of the eight Maasai schools provided a second serving of UNIMIX
to all of the attending children with none of the Maasai schools providing an additional
serving of githeri. Despite the greater range of total energy supplied by the combined
meals in the Kamba schools (1651 to 4420 kJ) compared with the Maasai schools (1877
to 2673 kJ), there was no statistically significant difference observed in the total meal
energy supply between tribes (P=0.25).
The median energy and macronutrient composition supplied by each school
meal and the total supply from the combined meals based on all schools are shown in
Table 4.4. Carbohydrate, protein and fat composition, expressed as a percentage of
energy, differed between the two school meals with the githeri supplying a higher
proportion of carbohydrate and a lower proportion of fat than the UNIMIX porridge.
The macronutrient distribution of the combined school meals essentially met the
recommended target ranges for carbohydrate and protein (WHO, 2003); however the
percentage of energy from fat was well below the desirable range specified by Food
and Agriculture Organization (FAO, 2010).
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Table 4.4
Median (IQR) energy and macronutrient supply by each school meal and combined meals
Energy (kJ)
Energy (kcal)
Protein (g)
Carbohydrate (g)
Fat (g)
% of energy from:
Protein
Carbohydrate
Fat

Target

UNIMIX
903.9 (700-1270)
216 (167-303)
8 (6.6-12.3)
26.8 (21.8-40.9)
6.1 (4.5-9.0)

Githeri
1328 (1179-1857)
318 (282-444)
12.0 (10.2-19.4)
55.1 (50.0-77.0)
5.5 (3.6-7.2)

Total supply
2259 (2006-2650)
540.3 (480-634)
22.0 (16.6-26.9)
89.6 (75.4-104.7)
10.8 (9.4-14.9)

10-15
55-75
25-35

17 (14.6-17.7)
56.7 (48.7-60.1)
26.2 (21.8-36.7)

14.4 (13.5-17.4)
71.7 (68.9-73.4)
13.9 (10.5-15.4)

15.6 (14.3-17.2)
66.1 (64.7-68.6)
17.1 (15.6-20.9)
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4.3.2 Assessment of energy and nutrient adequacy of the school meals
Table 4.5 presents the percentage of the estimated energy requirement (EER) of
children aged two to six years old in relation to the median energy supplied by the
school meals. For the majority of children (3-5 year olds), the energy supplied by the
school meals met approximately 40-47% of their age- and sex-specific estimated
energy requirements.
The median supply of iron, zinc, vitamin A, vitamin B6, folate, and vitamin B12
for the combined meals either met or was above the RNI for children 4-6 years of age,
indicating the supply was likely to be adequate (Table 4.6). The IZiNCG RNI of 4.8
mg/day was selected, based on our analysed median phytate:Zn molar ratio of the
combined meals (i.e., 6.2) suggesting the likely absorption of zinc fell within the range
of a refined vegetarian diet (P:Zn molar ratios ≤ 18). Although the high level of phytate
in the githeri suggests poor zinc absorption from this specific meal, the majority of the
zinc supply from the combined meals was provided from the UNIMIX. The supply of
niacin and thiamin were at a level between the EAR and RNI, indicating that the
probability of adequacy for the supply of these micronutrients was more than 50
percent but less than 97.5%. The remaining nutrients (i.e., vitamin C, calcium,
riboflavin, and vitamin D) were all below the EAR for a child aged four to six years,
indicating a probability of adequacy of only 50% or less. Interestingly, if the labelled
amount of calcium was accurate (800 mg/100g labelled versus 72 mg/100 g analysed),
the daily supply of calcium would have easily met the RNI for a child aged four to six
years.
Overall, the githeri supplied more energy per serving, however, the UNIMIX
porridge was more micronutrient-dense providing substantially more key
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Table 4.5
Median (IQR) percentage of estimated energy requirements
(EER) in relation to the median energy supplied by the school
meals1
EER
n

kJ per day

% of EER

2-3 years old
Girls
4382
51.5 (45.8-60.5)
25
Boys
4722
47.3 (42.0-55.5)
18
3-4 years old
Girls
4836
46.7 (41.5-54.0)
91
Boys
5236
43.1 (38.3-49.9)
73
4-5 years old
Girls
5192
43.5 (38.6-50.3)
96
Boys
5691
39.7 (35.3-45.9)
93
5-6 years old
Girls
5564
40.6 (36.1-47.0)
44
Boys
6139
36.8 (32.7-42.6)
61
6-7 years old
Girls
5774
39.1 (34.7-45.3)
3
Boys
13
6583
34.3 (30.4-39.6)
1
Based on median (IQR) combined energy supply of 2259 (20062650) kJ from both UNIMIX and githeri school meals
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micronutrients per kilojoule. Moreover, a number of schools (i.e., Kiliku, Kalima and
Paranea) reported using a recipe for a thicker UNIMIX porridge than the rest of the
schools so servings of UNIMIX alone in these schools met the RNI for a child aged
four to six years for zinc, iron, thiamin, niacin, vitamin B6, vitamin B12, folate and
vitamin A. In addition, with the even larger serving sizes of UNIMIX supplied by the
Kiliku and Kalima schools, the RNI for vitamin D was also met. A serving of UNIMIX
from almost every school met the RNI for zinc, vitamin B12, and vitamin A (Appendix
E).
In addition to high energy content, the githeri was also relatively high in iron
with over half of the schools meeting the RNI for iron with a standard serving of
githeri. In general, schools that made their githeri with a higher proportion of beans
than maize had a more energy rich and nutrient dense meal. For example, Nembuya
School used over seven times more beans than maize, and subsequently had the highest
protein, carbohydrate and energy density, as well as the highest quantity of most
nutrients. In contrast, Oltinka School used a githeri recipe containing five times more
maize than beans which resulted in a meal with the lowest content of every nutrient
aside from fat, niacin and vitamin A.

4.4 Strategies to overcome deficits in the nutrient supply from the school meals
The large variation across schools in the UNIMIX and githeri meal recipes
demonstrates the need to develop standardized recipes with specific ingredient
amounts, to ensure optimal programme outcomes.For example, UNICEF recommends
preparing the UNIMIX porridge using the ratio of one part UNIMIX to three parts
water. Based on this recommended recipe with the addition of the average amount of
70
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Table 4.6
Median (IQR) nutrient supply of selected nutrients from each school meal and the estimated average requirements (EAR) and recommended nutrient
intakes (RNI) by age group
EAR1
RNI1
Nutrient
UNIMIX
Githeri
Total daily supply
1-3 yr 4-6 yr
4-6 yr
Calcium (mg)
37.4 (26.1-48.9)
12.7 (9.8-18.5)
53.3 (36.2-70.5)
417
500
600
Iron (mg)
7.9 (6.3-12.1)
12.7 (9.8-18.3)
22.6 (16.7-30.1)
11.6 ²
12.6²
12.6²
Zinc (mg)
7.5 (6.1-11.6)
1.5 (1.4-2.5)
9.1 (7.4-13.3)
2³
4³
4.8 ⁴
Thiamin (mg)
0.3 (0.2-0.4)
0.2 (0.2-0.4)
0.5 (0.4-0.7)
0.4
0.5
0.6
Riboflavin (mg)
0.2 (0.2-0.3)
0.1 (0.1-0.1)
0.3 (0.2-0.4)
0.4
0.5
0.6
Niacin (mg)
4.0 (3.2-6.1)
2.1 (1.9-2.9)
6.3 (5.1-8.7)
5
6
8
Vitamin B6 (mg)
0.3 (0.3-0.5)
0.3 (0.2-0.4)
0.6 (0.5-0.8)
0.4
0.5
0.6
Vitamin B12 (µg)
1.8 (1.4-2.7)
0
1.8 (1.4-2.7)
0.7
1
1.2
Folate (µg DFE)
149.26 (120.9-229.3)
79.4 (56.7-117.2)
257.6 (184.2-358.2)
120
160
200
Vitamin D (IU)
92.6 (72.8-137.1)
1.9 (0.8-2.6)
94.1 (73.4-139.0)
200
200
200
Vitamin C (mg)
8.3 (6.7-12.8)
1.0 (0.7-1.4)
9.9 (7.5-14.1)
25
25
30
Vitamin A (µg RE)
282.9 (231.9-434.4)
49.1 (21.0-68.2)
595.7 (456.0-816.6)
286
321
450
22.2 (17.9-34.1)
22.2 (17.9-34.1)
64
64
Iodine (µg)
90
Phytate (mg)
212.7 (171.9-326.7)
354.2 (326.0-508.7)
632 (505.0-745.9)
Phytate:Zinc molar ratio
2.8
23.9 (21.6-24.6)
6.2 (5.5-7.3)
Phytate:Iron molar ratio
2.3
2.7 (1.9-3.1)
2.5 (2.0-2.8)
1

From the WHO/FAO Guidelines on food fortification with micronutrients unless otherwise stated

2

Based on low-bioavailability

³ IZiNCG EAR for unrefined, cereal-based diets (Brown et al. 2004)

vitamin A fortified oil used in each of the schools, a new standardized recipe was
created. Because a number of schools offered two servings of UNIMIX, with the
second serving being approximately half the volume of the first, the standard
recommended serving size was increased to reflect this practice. In doing so, the
nutrient composition of this recipe was altered significantly (Table 4.7). The energy
supplied increased 2.5 times over the original UNIMIX composition and the revised
standard serving met the RNI for iron, zinc, thiamin, niacin, vitamin B6, vitamin B12,
folate, vitamin D, and vitamin A. The supply of calcium and vitamin C remained below
the age-specific WHO EARs.
When the contribution of the median supply of nutrients from githeri was
combined with that from the new UNIMIX recipe, significant improvements in the
supply of nutrients from the combined school meals were apparent (Table 4.8). With
the exception of calcium and vitamin C, the overall daily supply of most nutrients
would now meet the corresponding age-specific RNIs. Standardization of the githeri
recipe would also be beneficial, particularly for those schools using a recipe based on a
higher proportion of maize to beans. However, this type of intervention may be difficult
as the githeri was often made to feed the entire school (up to secondary school) and not
just for the preschool children.

71

Table 4.7

Nutrient content of revised UNIMIX recipe compared to original UNIMIX recipe.
Original UNIMIX
Revised UNIMIX
Per
Per
Nutrient
Per 100 g standard
Per 100g recommended
serving
serving¹
Energy (kJ)
224
903
411
2340
Energy (kcal)
216
98
560
Protein (g)
2.2
8
3.7
21.1
Carbohydrate (g)
7.4
26.8
12.3
70.2
Fat (g)
1.7
6.1
3.5
19.6
Calcium (mg)
8.9
37.4
14.8
84
Iron (mg)
2.2
7.9
3.6
20.7
Zinc (mg)
2.1
7.5
3.5
19.9
Thiamin (mg)
0.1
0.3
0.1
0.7
Riboflavin (mg)
0.1
0.2
0.1
0.5
Niacin (mg)
1.1
4
1.9
10.5
Vitamin B6 (mg)
0.1
0.3
0.1
0.8
Vitamin B12 (µg)
0.5
1.8
0.8
4.7
Folate (µg DFE)
41
149.26
69.19
394.1
Iodine (µg)
6.1
22.2
10.3
58.5
Vitamin C (mg)
2.3
8.3
3.9
22
Vitamin D (IU)
25.2
92.6
43
244.5
Vitamin A (µg RE)
137
282.9
178.2
1014.1
¹Recommended standard serving size of 1 cup plus additional second serving of
1/2 a cup equivalent to 569 grams.
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Table 4.8
Median (IQR) nutrient supply of energy and selected nutrients from each school meal
with the revised standardized UNIMIX recipe in relation to the estimated average
requirements (EAR) and recommended nutrient intakes (RNI) by age group
Total daily
EAR1
RNI1
Revised
Githeri supply from
UNIMIX
Nutrient
1-3 yr 4-6 y 4-6 yr
both meals
Energy (kJ)
2340
1328
3668
Energy (kcal)
560
318
878
Protein (g)
21.1
12.0
33
Carbohydrate (g)
70.2
55.1
125
Fat (g)
19.6
5.5
25
Calcium (mg)
84
12.7
97
417
500
600
Iron (mg)
20.7
12.7
33
11.6 ² 12.6² 12.6²
Zinc (mg)
19.9
1.5
21
2³
4³
4.8 ⁴
Thiamin (mg)
0.7
0.2
0.9
0.4
0.5
0.6
Riboflavin (mg)
0.5
0.1
0.6
0.4
0.5
0.6
Niacin (mg)
10.5
2.1
12.6
5
6
8
Vitamin B6 (mg)
0.8
0.3
1.1
0.4
0.5
0.6
Vitamin B12 (µg)
4.7
0
4.7
0.7
1
1.2
Folate (µg DFE)
394.1
79.4
473.5
120
160
200
Vitamin D (IU)
244.5
1.9
246.4
200
200
200
Vitamin C (mg)
22
1
23
25
25
30
Vitamin A (µg RE)
1014.1
49.1
1063.2
286
321
450
Iodine (µg)
58.5
58.5
64
64
90
Phytate (mg)
561
354
Phytate:Zinc molar
2.8
23.9
ratio
Phytate:Iron molar
2.3
2.7
ratio
1

From the WHO/FAO Guidelines on food fortification with micronutrients unless otherwise
stated.
2
Based on low-bioavailability.
³ IZiNCG EAR for unrefined, cereal-based diets (Brown et al. 2004)
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An instructional visual poster was designed for the schools to aid the cooks in
preparing the standardized UNIMIX recipe (Figure 4.1). Pictures of 20L water
containers, 25kg UNIMIX bags, 5L oil containers and 360ml cups were used to
illustrate the quantities of each ingredient and serving size. A maximum cooking time
of ten minutes, as suggested in the UNIMIX instructions, was included in the poster.
Photos of thick and thin porridge were also used in the poster to clearly indicate the
correct consistency. With the introduction of a thicker porridge, however, preschoolers
will need to be provided with spoons.

4.5 Discussion
Findings from this study suggest that while the energy supply from the
preschool meals did not meet the estimated energy requirement for a healthy wellnourished child aged two to five years (FAO/UNU/WHO, 2001), the average supply of
many key problem micronutrients including vitamin A, iron and zinc were found to be
adequate. Notable exceptions were the supply of vitamin C, calcium, riboflavin, and
vitamin D. Adequacy of the micronutrient supply of the majority of the micronutrients
was attributed to the contribution provided by the daily supply of UNIMIX, a corn-soya
blend fortified with 15 micronutrients. Nevertheless, there was a large variation in the
energy and nutrient content of the meals provided to the children across the schools,
consistent with the findings of other investigators (Buhl, 2010.). Clearly, efforts are
needed to standardize the preparation methods and serving sizes of both the fortified
UNIMIX and the githeri across schools to ensure an adequate supply of energy and
nutrients for each child, irrespective of their age.
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Figure 4.1 Visual instructional poster of revised UNIMIX recipe for use in schools
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4.5.1 Adequacy of the energy and nutrient supply from the preschool meals
The median dietary supply from the preschool meals in this study did not meet
the estimated energy requirements or estimated needs for the preschoolers for calcium,
riboflavin, vitamin D, and vitamin C (Tables 4.4 and 4.6). However, if the amount of
the calcium fortificant in the UNIMIX porridge (i.e., 72 mg/ 100 g versus 800 mg/100
g) had equalled the amount stipulated on the UNIMIX label, then no deficit in the
dietary supply of calcium would have been apparent.

The poor energy density of the meals was attributed in part to failure by some of
the preschool cooks to prepare the UNIMX porridges using the recipe recommended by
UNICEF, as well the low proportion of energy contributed by fat in the school meals.
Consideration of the energy density is especially important for the younger
preschoolers who will have a small gastric capacity, and hence can only consume a
limited amount of food in one meal (WHO, 2009). Nevertheless, many of the children
relied mainly on the two school meals for their total daily energy supply, even though
the World Health Organization recommends at least three meals per day to ensure a
child is able to meet their daily energy requirements (WHO, 2009). Increasing the
energy density of the githeri by adding more oil is another strategy that could be
implemented in the preschools to increase the overall energy supply from the preschool
meals. An adequate intake of fat is also essential for the supply and absorption of fat
soluble vitamins (Prentice & Paul, 2000). In earlier studies of preschool and school-age
children in Kenya who received most of their food intake from home, much higher
intakes of energy have been reported (Kigutha, 1997; Murphy et al., 2003)

Poor energy intake during childhood has a number of detrimental consequences,
ranging from wasting and underweight, declines in physical activity and poor
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classroom attention in the short term to stunting and poor brain development in the long
term (McDonald et al., 2013). Failure to provide an adequate supply of calcium and
vitamin D also has the potential to contribute to poor growth in children, whereas poor
immune function has been associated with an inadequate intake of vitamin C, and an
increased risk of anaemia with vitamin C and riboflavin deficiency (Field, Johnson, &
Schley, 2002; Fishman et al., 2000; Golden, 1996; Hoppe et al., 2006). Although the
median total supply of iodine from the two meals supplied appears to fall short of the
EAR, the contribution of iodized salt was not included in this calculation as this was
not listed in the USDA food composition table Hence, a deficit in iodine supply is
unlikely, especially when over 95% of households throughout Kenya are said to be
using iodized salt according to the 2008-09 Kenyan DHS (Owuor & Mburu, 2010)
Although the school meals met the RNIs for iron, zinc and vitamin A, the
results of the biochemical analysis (Section 3.3.4) suggest that many children,
particularly in the Maasai tribe, are deficient in these micronutrients. It is noteworthy
that the estimated energy and micronutrient needs used to assess the adequacy of the
dietary supply in this study are based on those for healthy, well-nourished children
(Allen et al, 2006; FAO/UNU/WHO, 2004). However, 13% and 8% of our preschoolers
were stunted and wasted, respectively (Section 3.3.3) and 30% had biochemical
evidence of chronic infection (Section 3.3.4). Consequently it is likely that some of the
preschoolers may have increased energy demands arising from catch-up growth and/or
chronic infection. Similarly, catch up growth and the metabolic losses associated with
infection have the potential to increase the demands for protein, and micronutrients
such as vitamin A, iron, and zinc (FAO/UNU/WHO, 2004; Bhutta, 2006).
Unfortunately, however, the magnitude of the increase in energy and nutrient
requirements for catch up growth and infection are uncertain (Golden, 2009).
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Part of the apparent discrepancy between the dietary supply and biochemical
status may also be due to the limited precision of the dietary measurements. Although
most schools served two meals on the day of data collection, it cannot be confirmed
that the schools provide these meals every day. A lack of trained cooks may also limit
the schools ability to provide these meals daily. It is also important to note that these
meals measure the dietary supply, and are not a direct measurement of the children’s
dietary intake. Moreover, we did not collect dietary intake in the home although
personal communication (unpublished) with the Crippina Obura (Kenyatta University
PhD student), suggests that very little food was offered to the children within the home
based on 24 hr dietary recall data from a small subset of participants. Interestingly, the
school meals did not differ significantly by tribe suggesting that other factors are
influencing the nutrient status of the children especially for the Maasai tribe. This
finding may be attributed in part, by the high intake of milk in the Maasai diet (Section
3.4.1) as well as their semi-nomadic lifestyle. Maasai families often spend months away
from school during the dry season to find pastures to graze their cattle. During this time
the children will not have access to the fortified UNIMIX or githeri meals and will
consume mostly milk.

4.5.2 Strategies to improve the energy and nutrient supply of the preschool meals

In addition to the creation of a standardized UNIMIX recipe discussed in
Section 4.4, several other strategies that could be implemented to overcome the deficits
in the energy and micronutrient supply of the two preschool meals are summarized in
Table 4.9. These additional strategies are needed because even the provision of two
meals per day, one of which includes the standardized UNIMIX recipe, will not provide
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Table 4.9
Recommended dietary diversification and modification strategies for schools

Dietary diversification and modification strategies for the schools
Enrich porridges and githera:
1. Add extra micronutrient-rich ingredients to githera or porridge such as oil, vegetables (green
leaves; orange-fleshed sweet potato; pumpkin); fruits (papaya; mango; banana etc; avocado);
groundnuts; eggs.
2.

Dried powdered meat or offal (eg chicken or rabbit liver) could also be added as a source of
animal protein.

Soak dried beans overnight:
1 Discard cooking water (but use for watering gunny bags) before making into githera. The
substance in the beans (phytate) that inhibits absorption of iron and zinc is water soluble and
leaches out into the soaking water.
Standardize recipe for preparing porridge from Unimix so all children consume porridges of
the same consistency
1. This will ensure that all children receive porridge of a desirable thickness. Currently some
schools are serving porridge that is too thin so it has a very low energy and nutrient content
Include a source of animal protein in at least one of the children’s meals each day.
1. This could include preparing the UNIMIX porridge with milk instead of water, adding eggs
to porridge, and offal, a source of meat (e.g. rabbit) or indigenous sources of protein (eg.
Insects, grubs) to the githera
Increase number of meals prepared for preschoolers in one day.
1. They should have at least THREE meals per day as preschoolers have small stomachs so
cannot consume large quantities of food at one time. Hence, mothers should be educated to
provide at least one additional meal in the home on each school day, and three meals in the
home during the weekends. Mothers should be taught that tea does not count as a “meal” and
that the meals served to the children should not be based only on maize and beans but include
some vegetables or fruits, and if possible some animal-source foods.
Possible plants for the gunny bags to diversify their diets
1. Orange-fleshed sweet potatoes; yellow pumpkin; kale; cow-pea leaves; groundnuts
Animal husbandry
1. Chickens: parents must supply certain number of eggs each week for school meals
2.
3.

Dairy goats: parents must supply certain amount of milk for school meals
Rabbits: children at school can learn to keep rabbits. Rabbits will provide an excellent source
of animal protein for the children. Rearing rabbits can also be an income generating activity
as they multiply rapidly and can be sold for cash.
Promotion of indigenous sources of protein
1. Termites; caterpillars; grubs etc;
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the preschoolers with an energy supply that meets the estimated energy requirements
set by FAO/UNU/WHO (2004) because of their small gastric capacity (Brown et al.,
1995). Furthermore, such shortfalls in the energy supply may have a negative effect on
protein utilisation (Murphy et al., 1992). All the recommendations listed in Table 4.9
are based on strategies that could be readily implemented by the preschools, teachers,
and the parents of the children if the necessary resources were provided.

Currently the preschool meals provided no animal source foods, despite their
rich source of energy, fat, protein, iron, zinc, riboflavin, vitamin B12, niacin, vitamin
B6 (and calcium in dairy products) (Grillenberger et al., 2003). Nutrients such as iron
and zinc in cellular animal protein and calcium in dairy products are also more
bioavailable than when present in the high-phytate plant based meals supplied to the
preschoolers. Therefore, not surprisingly, diets devoid of animal source foods are
generally associated with micronutrient deficiencies such as iron, zinc, calcium, vitamin
B-12, and riboflavin (Grillenberger et al., 2003), unless the major cereal staples are
fortified with multiple micronutrients, as noted in Table 4.1. Furthermore,
improvements in intakes of energy, and functional health outcomes such as growth, and
cognitive function have been associated with the introduction of animal source foods in
school meals (Jomaa, McDonnell, & Probart, 2011). Preschool teachers, parents, and
children could be taught how to rear small animals such as rabbits and poultry in school
to provide much needed sources of cellular animal protein and chicken eggs for
incorporation into the preschool meals. Moreover, the recommendation to breed rabbits
at the preschools has the potential to generate income for the schools which could be
used to purchase the fortified UNIMIX or an equivalent fortified blended cereal
product. However, we were informed by local community members that rabbits were a
‘boy’s pet’ in the Maasai tribe and the notion of rearing rabbits for food consumption
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may be difficult. Nonetheless, this financial, self-sufficient strategy is important
because ChildFund is planning to withdraw funding for UNIMIX in the future.

Several other recommended food-based strategies to improve the micronutrient
density of school meals are listed in Table 4.9. These strategies include cultivating
provitamin A-rich crops such as orange-flesh sweet potatoes, pumpkin, kale, and cowpea leaves, as well as ground-nuts rich in fat and protein. These crops could be grown
in school gardens and/or gunny bags. Gunny bags are filled with enriched soil and
seeds to help parents and teachers grow a variety of vegetables, without having to dig
up the hard dry ground to do so (Childfund NZ, 2014).

Several of the strategies listed in Table 4.9 are designed to enhance the
bioavailability of micronutrients. They include soaking the dried beans and dried maize
kernels overnight, where possible, and discarding the water prior to cooking to reduce
their phytate level via diffusion of water soluble phytate, thus increasing zinc and iron
absorption (Gibson et al., 2006). Increasing the supply of vitamin C-rich fruits by
planting fruit trees such as papayas and mangos will also improve the absorption of
iron. Vitamin C is able to reduce ferrous iron, the most common form of iron in food, to
ferric iron, which is more bioavailable. Vitamin C can also reduce the inhibitory effect
of phytate, further increasing the bioavailability of iron. (Teucher, Olivares, & Cori,
2004). These fruits will also provide a source of provitamin A carotenoids year round,
provided the necessary solar driers can be supplied to the preschools.
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4.5.3 Strengths and Limitations
The methods used to gather the recipe information and collect samples of the
food items used in the recipes were consistent across all schools within each tribe. The
ingredient amounts were carefully measured by weight or volume and the data recorded
on both first and second serving sizes provided a more accurate estimate of the energy
and nutrient supply for each child at each school. Nevertheless, data were not collected
from five schools, and all the data gathered were for only one day which may not be
representative of the usual average daily supply in view of the large variation observed
across schools, and the lack of consistent recipes. Other limitations include the absence
of data on any food supplied in the home and on non-school days, and our inability to
estimate the actual intake of energy and nutrients consumed.
4.6 Conclusions
Although school feeding programmes have the potential to greatly improve the
nutritional status of young children, this study shows the importance of developing
standardized recipes and cooking instructions across schools and monitoring their
implementation closely to ensure adherence to the standardized protocols. The use of a
fortified cereal blend such as UNIMIX on each school day appears to ensure that young
children meet their estimated needs for most micronutrients, although the
bioavailability of some of the micronutrients may be compromised by the plant-based
diet. However, incorporating a variety of animal source foods to enhance both the
micronutrient content and bioavailability of the preschool meals should also be strongly
encouraged. Increasing the consumption of animal source foods can improve linear
growth and immunity among the children in this study (Neumann, Harris & Rogers,
2002).
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5

Conclusions, Summary and Recommendations

Summary and Conclusions
The 2015 Millennium Development Goals set by the United Nations in 1990
aimed to decrease child mortality by two thirds. This goal has only been met by the
North African, Latin America and Caribbean regions. Sub-Saharan Africa is still far
behind, with Kenya achieving only a 50% reduction in under-five child mortality
(UNICEF, 2014). The WHO suggests that malnutrition is still the major underlying
cause for at least half of deaths during childhood (WHO, 2014). UNICEF estimates that
in Kenya 29,150 deaths per year in children under-5 years can be attributed to
malnutrition. Adequate nutrition during childhood is important, not only for reducing
child mortality, but also for ensuring that children experience optimal health, physical
and cognitive development, with the opportunity to grow into healthy adults (Onyango,
2003).
Reducing child malnutrition is not a simple task. Numerous factors contribute
to the burden of malnutrition in children. Government policies can affect the health and
available food supply of countries as well as communities within a country, while the
physical environment may limit the types and quantity of crops that can be grown
locally. In the setting of this study, for example, the counties surrounding the Emali
township were semi-arid, thus restricting the crops that could be grown and making
animal husbandry challenging. Factors such as education and wealth of parents are
known to influence food security, especially the amount of food available for household
consumption and the diversity of children’s diets (Smith, El Obeid, & Jensen, 2000).
This was apparent in our results; the Maasai who were less educated and less wealthy
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also had less food stored and relied more on purchasing their food than growing their
own.
In Kenya, almost a quarter of the population (10 million) are estimated to be
chronically food insecure (KARI, 2012). Diets with limited diversity are of poor
quality, especially when they are plant-based. The bioavailability of micronutrients
such as iron and zinc is likely to be compromised in the two plant-based meals provided
to the preschoolers by ChildFund. Unrefined cereals and legumes contain a high
content of phytate and polyphenols, known to be potent inhibitors of iron and zinc
absorption, and additional factors contributing to the risk of micronutrient malnutrition
among the preschoolers (Darmon, Ferguson, & Briend, 2002; Gibson, Perlas, & Hotz,
2007; Onyango, 2003). Hence, to achieve a reduction in child malnutrition and child
mortality, all these factors must be addressed.
The results of our cross-sectional survey based on socio-demographic, health
and hygiene data, anthropometry, and micronutrient assessment revealed significant
differences between the Kamba and Maasai tribes, despite residing in neighbouring
counties with similar climates. The traditional ideal Maasai diet of meat, blood and
milk is very different to the predominantly plant based Kamba diet. In addition, it was
noted that Kamba were generally wealthier and more educated than Maasai as well as
having better access to improved toilet facilities.
In an effort to enhance the nutritional status of the preschoolers, ChildFund
introduced a supplementary feeding programme during a drought in 2002. This
consisted of a multi-micronutrient fortified corn-soy blend porridge called UNIMIX
served in the morning, and a traditional meal of maize and beans served at midday. Our
investigation revealed no differences between the two tribes in the average energy and
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nutrient supply from the two meals, and as a consequence, no differences in relation to
their energy and nutrient adequacy. Nevertheless, significant differences existed in the
prevalence of anaemia, iron deficiency anaemia, and iron and zinc deficiency between
the two tribes. Nearly 40% of Maasi children were anemic, compared to only 6% of
Kamba children. Increased risk of infection among Maasai, as well as their traditional
diet of high milk consumption are likely to be contributing causes to this difference
(Bhutta, 2006; Hansen et al., 2011; Oliveira et al., 2007). However, this high milk
consumption, along with possible genetic differences in height, may have contributed to
the lower prevalence of stunting among Maasai (13%) in comparison to Kamba (20%)
(Hoppe et al., 2006).
There were also marked variations in the energy and nutrient supply from the
meals across the schools, attributed in part to the varying thicknesses of the porridges
served as well as the portion sizes served to the children. In an effort to standardize the
recipes and ensure that the preschool children meet their daily energy and nutrient
requirements from the preschool meals supplied by ChildFund, we developed
instructional visual posters designed for the schools to aid the cooks in preparing the
standardized UNIMIX recipe.
There were a number of limitations to the present study. For example, a
collection of dietary intake in the home (e.g. 24-hr recall) would have improved our
understanding of the contribution of the school feeding programme to the overall
dietary intake of the children and allowed for greater exploration of dietary diversity
among tribes. In addition, we only surveyed the school at one single time point which
may not adequately reflect weekly changes in recipes and seasonal variation in food
and water access. A greater emphasis on measuring and assessing household food
insecurity would have also assisted in our understanding of the impact of the school
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feeding programme on children and families. Lastly, because parasites can represent
one of the underlying cause of certain nutritional deficiencies, and determination of the
prevalence rates of known parasites at risk among the children would have allowed
better tailoring of intervention programmes. While several recommendations have been
made to the communities, future studes should assess potential barriers to their
implementation e.g., access to clean water, spoons for porridge and consideration
should be given for the monitoring of the fortification standards of the UNIMIX
porridge.

5.1 Recommendations
The current diets of the children in our study are predominantly plant-based and
lacking the energy and nutrients the children require for optimal growth and
development. The fortified UNIMIX porridge currently provided by the school has the
potential to meet some of these requirements, however the current UNIMIX recipes
being used in many schools is too thin (i.e., diluted). The provision of dietary assistance
is incomplete without the necessary preparation guidance or instruction for its use.
Currently, the preschool children are far from meeting their daily energy requirements
from the school meals, and improving these meals is an important starting point for
reducing the prevalence of energy and nutrient deficiencies in the children of Emali.
Recommendations to improve the nutrient status of the children are listed below:



The standard UNIMIX recipe that has been created should be amended for each

school, taking into account the number of preschool children attending each school.
The recipes can then be used in all the preschools to guide the cooks on how to
83

prepare the UNIMIX recipe with an energy and nutrient density designed to meet
the needs of the children.



The number of meals given to the children should be increased to three meals

per day as the children are young with a small gastric capacity which limits the
amount of food they can consume in one meal. This extra third meal could be
provided by the school and given to the children to take home, or provided by the
mothers at home. This third meal should include a variety of food groups, including
animal source protein.



The beans used in the githeri should be soaked overnight and the water

discarded to reduce their content of water soluble phytate, and thus increase the
bioavailability of iron and zinc.



The preschool meals can be further enriched by adding fruits and vegetables as

well as a source of animal protein such as milk, eggs, and meat. This will increase
the nutrient density of the preschool meals as well as the bioavailability of iron and
zinc.



Nutrition education should be given to mothers and school cooks to ensure they

understand the importance of providing a diet with a variety of fruits, vegetables
and animal products, and to understand that a meal comprised of drinks such as tea
and milk will not provide enough energy or nutrients for a child.
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Instructions should be given about the importance of correct hygiene practices.

The importance of boiling water should be emphasised to the caregivers to help
reduce the risk of infections among the children. Increasing the number of pit
latrines among the Maasai households may also help to decrease the risk of
infection, and simultaneously assist in reducing the risk of micronutrient
deficiencies among their children.


The specific needs of the Maasai and Kamba tribes, as well the acceptability of

the interventions in accordance with culture and financial means should be
considered. Ongoing process evaluation will help to ensure reccomendations are
being met in both tribes and to assess any barriers to meeting the recomendations in
the different tribes, such as lack of understanding or access to resources.
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Participant Information Sheet
Study title:

Building Community Resiliency in Emali, Kenya:
Baseline nutritional assessment of preschool children

Principal
investigator:

Name: Prof Judith
Kimiywe
Department: Food,
Nutrition and Dietetics,
Kenyatta University,
Nairobi, Kenya

Contact phone number:
254-20-8710901/9
Extension 57139

Name: Dr Lisa Houghton
Department: Human
Nutrition, University of
Otago, Dunedin, NZ

+64 3 479 7294

[To be translated to Swahili and read verbally for those participants who are
illiterate]
Introduction
Thank you for showing an interest in this project. Please read this information sheet
carefully. Take time to consider and, if you wish, talk with relatives or friends, before
deciding whether or not to participate. If you decide to participate we thank you. If you
decide not to take part there will be no disadvantage to you and we thank you for
considering our request.

What is the aim of this research project?
The aim of this research project is to assess the nutrition status of your child, for the
purpose of developing a food-based programme such as school gardens and small
animal production (chicken rearing for egg production) in the Early Childhood Centre.
This nutrition survey of children attending the Childfund sponsored schools will be
undertaken in collaboration with Kenyatta University.

Who are we seeking to participate in the project?
Selection Criteria
We are seeking to enrol 420 children between 3 and 5 years of age who are apparently
healthy and attending ChildFund Early Childhood Centres. Children suffering from severe
anaemia or severe acute malnutrition will not be able to take part in the study.
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If you participate, what will you be asked to do?
If you agree to participate, the nutritional status of your child will be assessed to provide
an evaluation of your child’s growth and health. You will be asked to complete several
questionnaires on your child’s health, hygiene practices and information about household
which will take approximately 20 minutes of your time. We will also weigh and measure
the height and arm circumference of you and your child. We will then take a small blood
sample (teaspoon) from your child. The participation of you and your child in this study
will take approximately one hour.
We would also like teachers at the early childhood centres to record what your child eats
and drinks during two days at the centre.
If you choose, we will also be administering some additional questionnaires on your child
feeding practices and your nutrition knowledge and practices with regard to food and its
preparation. These questionnaires will take an additional 20-30 minutes of your time.
The information gathered will be used to develop food-based strategies to improve the
availability, access and use of foods with a high content of nutrients throughout the year.
Recommendations will be taken to your community via a series of workshops in several
locations involving teachers, parents, community health workers, women leaders and
chiefs.
Please be aware that you may decide not to take part in the project without any
disadvantage to your family.

Is there any risk of discomfort or harm from participation?
There may be mild discomfort for your child when blood is collected, and perhaps a little
bruising afterwards.

What specimens, data or information will be collected, and how will they be used?


We will collect information about your family, household and what illnesses your
child has had.



We will also take measurements of you and your child’s height, weight and arm
circumference.



We will take a blood sample from your child’s vein to be analysed for micronutrient
status. Some of these samples will be analysed at a university in Germany and some
in New Zealand. Samples will be disposed of by the two laboratories after the
analysis is complete.



We will also be assessing the nutrition adequacy of the school menus, and recording
the amount of food eaten by your child in the schools over a 2 day period.



All data collected will be used to obtain group responses and no information will be
related to an individual. These data will be used to write theses for Masters degrees
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by students from the Universities of Kenyatta and Otago. They will also be used to
write research papers for publication.


The data collected will be securely stored in such a way that only the researchers
involved (Professor Rosalind Gibson, Dr Lisa Houghton, Professor Judith Kimiywe) will
be able to gain access to it. Data obtained as a result of the research will be retained
for at least 5 years in secure storage. Any personal information held on the
participants that does not relate to participation in the baseline survey may be
destroyed at the completion of the research even though the data derived from the
research will, in most cases, be kept for much longer or possibly indefinitely.



The results of the intervention study may be published and will be available in the
University of Otago Library (Dunedin, New Zealand) and the Kenyatta University
Library (Nairobi, Kenya), but every attempt will be made to preserve your anonymity.

If you agree to participate, can you withdraw later?
You may withdraw from participation in the project at any time and without any
disadvantage to yourself or your family.
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Any questions?
If you have any questions now or in the future, please feel free to contact either:
Name: Dr Lisa Houghton

Contact phone number:

Position: Senior Lecturer

+64 3 479 7294

Department: Human Nutrition, University of
Otago, Dunedin, New Zealand
Name: Professor Judith Kimiywe

Contact phone number:

Position: Associate Professor

+254 20 810 901

Department: Kenyatta University, Nairobi, Kenya

Extension 57139

Those on site at Early Childhood Education
Centre

This study has been approved by the University of Otago Human Ethics Committee
(Health). If you have any concerns about the ethical conduct of the research you may
contact the Committee through the Human Ethics Committee Administrator (ph 64 03
479 8256). Any issues you raise will be treated in confidence and investigated and you will
be informed of the outcome.
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Building community resiliency in drought-affected Emali, Kenya:
Baseline nutritional assessment

CONSENT FORM FOR PARTICIPANTS
Name of mother/caregiver of child: ……………………………………….
I have read or had explained to me the Participant Information Sheet concerning this
study and understand what it is about. All my questions have been answered to my
satisfaction. I understand that I am free to request further information at any stage.
1.

I confirm that my child meets the criteria for participation which are explained in the
Information Sheet.

2.

I know that the participation of my child in the project is entirely voluntary, and that
we are free to withdraw from the project at any time without disadvantage.

3.

I understand that as a participant I agree to participate in developing an improved
diet for my child using the techniques and produce which will be provided by the
intervention study.

4.

I agree to complete the questionnaires.

5.

I agree to my child undergoing measurements of height, weight and arm
circumference, and to the donation of a blood sample. The nature of discomfort that
may be experienced has been explained to me.

6.

I agree to my height, weight and arm circumference being measured.

7.

I understand that when the project is completed all personal identifying information
will be removed from the paper records and electronic files, e.g. the eligibility
questionnaire, and that these will be placed in secure storage and kept for at least
five years.

8.

I understand that the results of the project may be published and be available in the
libraries of the University of Otago and Kenyatta University, but that any personal
identifying information will remain confidential between myself and the researchers
during the study, and will not appear in any spoken or written report of the study.

9.

I know that there is no remuneration offered for this study, and that no commercial
use will be made of the data.

10. I understand that the blood samples will be stored securely and will be tested in
Germany and New Zealand. Any samples left after analysis will be disposed of
securely.
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Signature of participant’s parent or caregiver:

Date:

Signature and name of witness:

Date:

This study has been approved by the University of Otago Human Ethics Committee
(Health). If you have any concerns about the ethical conduct of the research you may
contact the Committee through the Human Ethics Committee Administrator (ph 03 479
8256). Any issues you raise will be treated in confidence and investigated and you will be
informed of the outcome.
Following signature and return to the research team this form will be stored in a secure place for
five years.
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Appendix B Demographic, morbidity, hygeiene and anthropometry
questionairres
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Utafiti wa Kenya Mtoto Mtoto Fund - Idadi ya watu na afya
Kenya Child Fund Study - Demographics and Health

Mhoji / Interviewer
Tarehe ya Mahojiano (Siku mwezi mwaka) / Date of Interview (dd/mm/yyyy)
Jina la kituo chau utotoni / Early Childhood Centre name
Mama / Mother
Jina la mama / Mother’s name
Anuani ya mama / Mother’s address
Tarehe ya kuzaliwa ya mama (Siku mwezi mwaka) /Mother’s date of birth
(dd/mm/yyyy)
Umri wa mama (miaka) / Mother’s age (years)
Utafiti wa mtoto / Study child
Jina la mtoto / Child’s name
Namba ya usanjili ya mtoto / Child's ID number
Tarehe ya kuzaliwa mtoto (kutoka cheti au kutoka Center) (Siku mwezi
mwaka) / Child’s date of birth (from certificate or from Center) (dd/mm/yyyy)
Umri wa mtoto (miezi) / Child’s age (months)
Jinsia ya mtoto (M/F) / Child’s sex (M/F)
Kuzaliwa kwa mtoto, ili / Child's birth order: / 1 = mtoto wa kwanza first child
2 = mtoto wa pili, second child / 3 = mtoto wa tatu, third child, etc
Mama / Mother
Mama ni wa dini gani katika nyumba? / What is the mother's religion?
R = Katoliki / Roman catholic
M = Muislamu / Muslim
P = Protestanti/Dini nyingine ya kikristo / Protestant/other Christian
N = Hakuna dini / No religion
O = Nyingine / Other
Je, mama ni wa kabila / gani? What is mother's ethnic group/tribe?
(K) Kamba; (M) Maasia; (KK) Kikuyu; (O) nyingine / Other
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Kuingiza Data
kwa ajili ya
Mama na
Mtoto katika
safu hii
Insert Data for
Mother and
Child in this
column

Kazi ya mama ? / Mother’s occupation
F = Mkulima (mmiliki) / Farmer (owner operated)
A = Mfanyakazi kwa sekta ya kilimo / Agricultural laborer
N = Mfanyakazi kwa sekta zingine / Non-agricultural laborer
S = Waliojiajiri, si kilimo / Self-employed non-farming
P = Walioajiriwa; mashirika yasiyo ya kilimo / Paid employment non-farming
H = Mama wa nyumbani / Housewife O = Nyingine (taja) / Other
Wewe hufanya kazi nje ya nyumba? Do you work outside the home?
(N) = hakuna / no (Y) = ndiyo / yes
Elimu ya mama / Education of mother:
N = Hana elimu / No education;
M = Baadhi ya masomo ya msingi kukamilika / Some primary completed
P = Shule ya Msingi (1-7 darasa) kukamilika / Primary (1-7 Grades) completed
B = Baada ya msingi, vyuo vya ufundi / Post-primary, vocational
S = Baadhi ya masomo ya sekondari kukamilika / Some secondary completed
G = Shule ya Sekondari (8-10 darasa) kukamilika / Secondary (8-10) completed
T = Chuo cha elimu ya juu / Tertiary college
U = Chuo Kikuu;/ University
D = Hawajui / Don't know
Marital Status
M = Walio katika ndoa sasa au wanaishi na mwanaume /
Currently married or living with a man
W = Mjane / Widowed
D = Talaka au kutengana / Divorced or separated
S = Wale hawajaingia kwa ndoa / Single O = Nyingine (taja) / Other (specify)
Baba / Father
Kazi ya baba / Father’s occupation
F = Mkulima (mmiliki) / Farmer (owner operated)
A = Mfanyakazi kwa sekta ya kilimo / Agricultural laborer
N = Mfanyakazi kwa sekta nyingine / Non-agricultural laborer
S = Waliojiajiri, si kilimo / Self-employed non-farming
P = Walioajiriwa; mashirika yasiyo ya kilimo / Paid employment non-farming
U = Bila ajira / Unemployed O = Nyingine (taja) / Other (Specify) _____________

Elimu ya baba / Education of father
N = Hana elimu / No education
M = Baadhi ya masomo msingi kukamilika / Some primary completed
P = Masomo ya msingi (1-7 darasa) kukamilika / Primary (1-7 Grades) completed
B = Baada ya msingi, vyuo vya ufundi / Post-primary, vocational
S = Baadhi ya masomo ya sekondari kukamilika / Some secondary completed G
= Masomo ya Sekondari (8-10 darasa) kukamilika / Secondary (8-10 Grades)
completed
T = Chuo cha elimu ya juu / Tertiary college
U = Chuo Kikuu;/ University
D = Hawajui / Don't know
Maelezo ya nyumba / Household description
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Jumla ya idadi ya watu wazima (zaidi ya miaka 18) katika nyumba
Total number of adults (over 18 years) in the household
Idadi ya watoto 0 <miaka 5 katika nyumba
Number of children 0 < 5 years in the household
Idadi ya watoto wa miaka 6-12 katika nyumba
Number of children 6-12 years in the household
Idadi ya watoto wa miaka 13-17 katika nyumba
Number of children 13-17 years in the household
Maelezo ya makazi / Description of housing
Je, unamiliki nyumba yako mwenyewe? Do you own your own house?
(N) = hakuna / no (Y) = ndiyo / yes
Ujenzi wa nyumba yako ni wa aina gani? What kind of construction is your
house?
P = Ujenzi wa kudumu / Permanent construction
M = Ujenzi wa muuda / Movable construction
Paa la nyumba yako limeundwa kwa nyezo za aina gani? What material is the
roof of your house made of?
G = Nyasi / Thatch or grass
C = Bati / Corrugated iron
T = Tofali / Tile O = nyingine (taja) / Other (specify) _______________________
Dirisha za nyumba yako zimeundwa na nyenzo za aina ipi? What material are
the windows of your house made of?
N = Hakuna / None
S = Screen
G = kioo / Glass
W = mbao / Wood O = nyingine (taja) / Other (specify)
____________________
Nyumba yako imeundwa kwa nyenzo za aina ipi? What material is your house
made of?
M = matope / Mud
S = sundried matofali / Sundried brick
F = matofali ya moto / Fire brick C = Saruji au saruji / Concrete or cement
O = nyingine (taja) / Other (specify) ______________________
Je, sakafu ya nyumba yako imeundwa na nini? What material is the floor of
your house made of?
E = Ardhi au mchanga / Earth or sand
D = mavi ya ng'ombe / Dung
C = Saruji au saruji / Concrete or cement
W
= kuni mbao / Wood planks T = Kauri tiles au terrazzo / Terrazo or ceramic tiles
O = nyingine (taja) / Other (specify) _______________________________
Ambapo ni mahali kwa ajili ya kupikia katika kaya yako? Where is the place for
cooking in your household?
H = katika nyumba / in the house
S = katika jengo tofauti / in a separate building D = nje / outdoors
O = nyingine (taja) / Other (specify) _______________________________
Je, kuna umeme katika nyumba yako? Do you have electricity in your house?
N = hakuna / no Y = ndiyo / yes
Umiliki wa muda mrefu wa bidhaa za matumizi
Ownership of durable consumer goods
Kama hakuna umeme usiulize maswali katika italics /
If no electricity do not ask questions in italics
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Je, nyumba yako iko na saa ya ukuta au ya mkono?
Does your household have a clock or watch? N = hakuna / no
Je, nyumba yakoiko na redio?
Does your household have a radio? N = hakuna / no

Y = ndiyo / yes

Y = ndiyo / yes

Je, nyumba yako ina uchezaji wa Stereo au CD?
Does your household have a stereo or CD player? N=hakuna / no Y = ndiyo / yes
Je, nyumba yako ina televisheni?
Does your household have a television? N = hakuna /no; Y = ndiyo / yes
Je, nyumba yako ina simu ya rununu au simu ya ukata?
Does your household have a telephone or mobile? N = hakuna/no Y = ndiyo / yes
Je, nyumba yako ina friji?
Does your household have a refrigerator? N = hakuna / no Y = ndiyo / yes
Je, nyumba yako nishati ya jua?
Does your household have a solar panel? N = hakuna / no Y = ndiyo / yes
Je, kuna mtu yeyote anayemiliki baiskeli kwa nyumba yako?
Does any member of your household own a bicycle?
N = hakuna / no Y = ndiyo / yes
Je, kuna mtu yeyote anayemiliki pikipiki kwa nyumba yako?
Does any member of your household own a motorcycle or motor scooter?
N = hakuna / no Y = ndiyo / yes
Je, kuna mtu yeyote anayemiliki gari ama lori kwa nyumba yako?
Does any member of your household own a car or truck?
N = hakuna / no Y = ndiyo / yes
Je, kuna mtu yeyote anayemiliki gari la ng'ombe ama punda kwa nyumba
yako?
Does any member of your household own an animal-drawn cart?
N = hakuna / no Y = ndiyo / yes
Bustani / Garden
Je, kuna mtu yeyote anayemiliki shamba la kilimo kwa nyumba yako?
Does any member of this household own any agricultural land ?
N = hakuna / no Y = ndiyo / yes
Kuna chakula cha nyumba mzima kinachokuzwa katika ardhi ya kilimo?
Is any food for the household grown in the agricultural land?
N = hakuna / no Y = ndiyo / yes
Je, nyumba yako hula mboga za majani ya kijani kibichi (kwa mfano, sukuma
wiki , majani ya malenge, majani ya mihogo) zinazokuzwa katika ardhi yenu ya
kilimo? Does your household eat Green leafy vegetables (e.g., kale, pumpkin
leaves, cassava leaves) grown in your agricultural land?
N = hakuna / no Y = ndiyo / yes
Je, nyumba yako hula mboga nyekundu au za rangi ya machungwa (kwa
mfano, malenge, viazi vitamu, karoti, nyanya) zinzzokuzwa katika ardhi yako ya
kilimo?
Does your household eat Yellow, red or orange vegetables (e.g., pumpkin, sweet
potatoes, carrots, tomatoes) grown in your agricultural land?
N = hakuna / no Y = ndiyo / yes
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Je, nyumba yako hula matunda ya miti (kwa mfano, parachichi, machungwa,
persikor, mapera, papai, maembe) inazokuzwa katika ardhi yako ya kilimo?
Does your household eat Tree fruits (e.g., avocados, oranges, peaches, guava,
papaya, mangoes) grown in your agricultural land?
N = hakuna / no Y = ndiyo / yes
Je, nyumba yako hula matunda ya miti (kwa mfano, parachichi, machungwa,
persikor, mapera, papai, maembe) inazokuzwa katika ardhi yako ya kilimo?
Does your household eat Cereals (maize, sorghum, millet) grown in your
agricultural land?
N = hakuna / no Y = ndiyo / yes
Je, nyumba yako ula Mizizi (Kiingereza viazi, nyeupe viazi vitamu, ndizi, viazi
vikuu, mihogo) inayokuzwa katika ardhi yenu ya kilimo?
Does your household eat Tubers (English potatoes, white sweet potatoes,
plantain, yams, cassava) grown in your agricultural land?
N = hakuna / no Y = ndiyo / yes
Wanyama / Animals
Je,hii nyumba inamiliki ng'ombe wowote wa maziwa?
Does this household own any milk cows? N = hakuna / no

Y = ndiyo / yes

Je, hii nyumba inamiliki ng'ombe wowote wa kienyenji?
Does this household own any cattle (indigenous)?
N = hakuna / no Y = ndiyo / yes
Je, hii nyumba inamiliki mbuzi wowote?
Does this household own any goats? N = hakuna / no
Je, hii nyumba inamiliki kondoo wowote?
Does this household own any sheep? N = hakuna / no

Y = ndiyo / yes
Y = ndiyo / yes

Je, hii nyumba inamiliki kuku,bata ama kanga wowote?
Does this household own any chicken, duck, guinea fowl?
N = hakuna/ no Y = ndiyo / yes
Je, hii nyumba inamiliki farasi ama punda wowote?
Does this household own any horses, donkey, or mules?
N = hakuna / no Y = ndiyo / yes
Je, hii nyumba inamiliki wanyama wengine wowote? (TAJA)
__________________
Does this household own any Other animals?(Specify)_________
N = hakuna / no Y = ndiyo / yes
Usalama wa chakula / Food security
Idadi ya milo kwa siku ambayo nyumba yako kwa kawaida hula (tenga
vitafunio)
Number of meals per day your household usually eats (exclude snacks)
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Chakula cha wiki hii kimetoka wapi? /Where has this week's food come from?
G = Bustani / Garden
P = Kununuliwa / Purchased
B = Wote bustani na kununuliwa / Both garden and purchased
W = Mishahara aina baada ya kufanya kazi / Wages in kind after working
E = Kula vyakula pori visiyotumika katika mlo wa kila siku/
Eating wild foods not traditionally used in daily diet
F = Chakula zawadi kutoka kwa mashirika ya misaada, makanisa, serikali/
Food gifts from relief organizations, churches, government
S = Kula mbegu / Consuming seed
Makisio katika miezi ya muda gani kaya yako usambazaji wa chakula au
kuhifadhi itadumu? (0 = hakuna kuhifadhi, 1 = moja kwa mwezi, 2 = miezi miwili,
3 = miezi 3, 4 = nne au zaidi ya miezi, = 9 don't kujua)
Estimate in months how long will your household food supply or store will last?
(0 = no store, 1 = one month, 2 = two months, 3 = 3 months, 4 = four or more
months, 9 = don't know)
Je nyumba yako kupokea msaada wowote wa chakula katika miezi ya mwisho
6? (Si huduma ya watoto katikati ya milo)
Has your household received any food assistance in the last 6 months? (Not Child
Care Centre meals) N = hakuna / no Y = ndiyo / yes
Afya ya mtoto / Child's Health
Je mtoto wako amepewa dawa katika za kutoa minyoo katika kipindi cha miezi
6?
Has your child been given worm medicine in the past 6 months?
N = Hakuna/ No Y = Ndiyo / Yes
D = Hawajui / Don't know
Je mtoto wako amepokea nyongeza ya vitamini A, madini, chuma au nyingine
yoyote ya kuongeza malazi (e.g. vitamini C)?
Has your child received a supplement of vit. A, iodine, iron or any other dietary
supplement (e.g., vitamin C)?
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
Mtoto wako amewahi pokea virutubisho vitamini A katika kipindi cha miezi 6?
Has your child received vitamin A supplements in the past 6 months?
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
Mtoto wako amewahi pokea lodini? (Onyesha chumvi au iodini capsule)
Has your child ever received Iodine (Show salt or iodine capsule)
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
Je mtoto wako kupokea dawa Chuma, sprinkles pamoja na chuma, au syrup
chuma (kama hii/yoyote ya hizi) katika miezi sita iliyopita?
Has your child received Iron pills, sprinkles with iron, or iron syrup (like this/any
of these) in the past six months?
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
Mtoto Chanjo / Child's Immunisation
Mtoto wako amepata chanjo? Angalia kadi ya chanjo kama ipo)
Has your child been immunized? (Check immunisation card if available)
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
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Mtoto wako amewahi kupokea chanjo dhidi ya kifua kikuu (BCG)?
Has your child ever received tuberculosis vaccination (BCG)?
N = Hakuna/ No Y = Ndiyo / Yes
D = Hawajui / Don't know
Mtoto wako amewahi kupokea chanjo ya polio?
Has your child ever received Polio vaccination?
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
Mtoto wako amewahi kupokea Mkamba, Kifaduro na pepopunda (DPT)
chanjo?
Has your child ever received Diptheria, Pertussis and Tetanus (DPT) vaccination?
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
Mtoto wako amewahi kupokea chanjo ya kipindupindu?
Has your child ever received Measles vaccination?
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
Mtoto wako amewahi kupokea chanjo dhihi ya rotavirus ?
Has your child ever received Rotavirus vaccination?
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
Mtoto wako amewahi kupokea chanjo dhidi ya Pneumococco ?
Has your child ever received Pneumococco vaccination?
N = Hakuna / No
Y = Ndiyo / Yes
D = Hawajui / Don’t know
Mtoto wako amewahi kupokea Influenza A(HIN1)chanjo?
Has your child ever received Influenza A (H1N1) vaccination
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
Unajua kama mtoto wako ana mundu kiini anemia au thalassemi?
Do you know if your child has sickle cell anemia or thalassemia?
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
Je mtoto wako amewahikuwa na homa dengue?
Has your child ever had dengue fever?
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
Je mtoto wako amewahipata menigitis?
Has your child ever had menigitis?
N = Hakuna / No Y = Ndiyo / Yes
D = Hawajui / Don't know
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Utafiti wa Kenya Mtoto Mfuko FundKenya Child Fund Study - Morbidity

Mhoji / Interviewer
Tarehe ya Mahojiano (Siku/mwezi/mwaka) / Date of Interview (dd/mm/yyyy
Jina la Kituo Cha Utotoni / Early Childhood Centre name
Mama au Mlezi / Mother or Guardian
Mama (M) au mlezi (G) / Mother (M) or guardian? (G)
Jina la mama / Mother’s name
Anuani ya mama / Mother’s address
Tarehe ya kuzaliwa ya mama (Siku/mwezi/mwaka)
Mother’s date of birth (dd/mm/yyyy)
Umri wa mama (miaka) / Mother’s age (y)
Utafiti wa mtoto / Study child
Jina la mtoto / Child’s name
Namba ya usanjiliya mtoto / Child's ID number
Tarehe ya kuzaliwa mtoto (kutoka cheti au kutoka Center) (Siku/mwezi/mwaka) /
Child’s date of birth (from certificate or from Center) (dd/mm/yyyy)
Umri wa mtoto (miezi) / Child’s age (months)
Jinsia ya mtoto (M/F) / Child’s sex (M/F)

Kuhara, kutapika, na homa / Diarrhoea, Vomitting, and Fever
Je mtoto wako amekuwa akihara katika wiki za mwisho 2?
Has your child had diarrhoea in the last 2 weeks?
Y = Ndiyo / Yes, N = Hakuna / No, D =Hawajui / Don't know
Kulikuwa na damu katika mavi? Was there any blood in the stools?
Y = Ndiyo / Yes, N = Hakuna / No, D =Hawajui / Don't know
Mtoto wako amepewa virutubisho vya zinki ma?
How many times was your child given zinc supplements?
Je mtoto wako amekuwa akitapika katika wiki ya mwisho 2?
Has your child been vomitting in the last 2 weeks?
Y = Ndiyo / Yes, N = Hakuna / No, D =Hawajui / Don't know
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Je mtoto wako amekuwa mgonjwa na homa wakati wowote katika wiki za mwisho 2?
Has your child been ill with a fever at any time in the last 2 weeks?
Y = Ndiyo / Yes, N = Hakuna / No, D =Hawajui / Don't know
Maambukizi makali ya maafua / Acute respiratory infection
Mtoto wako amekuwa na ugonjwa wa mafua wakati wowote katika hizi za mwisho 2?
Has your child had an illness with a cough at any time in the last 2 weeks?
Y = Ndiyo / Yes, N = Hakuna / No, D = Hawajui / Don't know
Wakati mtoto wako alikuwa na ugonjwa wa mafua, alipumua kwa kasi kuliko kawaida
au kuwa na shida?
When your child had an illness with a cough, did he/she breathe faster than usual with
short, rapid breaths or have difficulty breathing?
Y = Ndiyo / Yes, N = Hakuna / No, D =Hawajui / Don't know
Kupumua haraka au ngumu nikutokana na tatizo katika kifua (C) au kwa pua
imefungwa au mafua (R) au hawajui (D)?
Was the fast or difficult breathing due to a problem in the chest (C) or to a blocked or
runny nose (R) or don't know (D)
Je, ulitafuta ushauri kwa ajili ya ugonjwa kutoka kituo chochote?
Did you seek advice for the illness from any source?
Y = Ndiyo / Yes, N = Hakuna / No, D =Hawajui / Don't know
Hamu / Appetite
Mtoto wako amekua bila hamu ya kula au kukataa chakula katika wiki za mwisho 2?
Has your child been feeding poorly or refusing food in the last 2 weeks?
Y = Ndiyo / Yes, N = Hakuna / No, D = Hawajui / Don't know
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Utafiti wa Kenya Mtoto Fund Kenya Child Fund Study - Hygiene

Mhoji / Interviewer
Tarehe ya Mahojiano (Siku/mwezi/mwaka)
Date of Interview (dd/mm/yyyy)
Jina la kituo cha utotoni / Early Childhood Centre name
Utafiti wa mtoto / Study child
Jina la mtoto / Child’s name
Namba ya usanjili va mtoto / Child's ID number
Tarehe ya kuzaliwa mtoto (kutoka cheti au kutoka Center) (Siku/mwezi/mwaka) /
Child’s date of birth (from certificate or from Center) (dd/mm/yyyy)
Umri wa mtoto (miezi) / Child’s age (months)
Jinsia ya mtoto (M/F) / Child’s sex (M/F)
Mazingira ya Nyumba / House Environment
KUMBUKA KUULIZA MASWALI YOTE KATIKA NJIA NON-MISIMAMO /
REMEMBER TO ASK ALL QUESTIONS IN A NON-JUDGEMENTAL MANNER
Ni aina gani ya barabara iko karibu na nyumba yako? P = lami: N = zisizo za lami
What kind of roads are by your house? P = Paved: N = Non-paved
Je, nyumba yako hupata mafuriko wakati wa mvua kubwa sana? N = Hakuna
Ndiyo
Does your house get flooded when it rains very hard? N = No Y = Yes

Y=

Ni aina gani ya vyoo hutumiwa kwako? / What type of toilet facilities do members of
your household use?
F = Flush au kumwaga choo flush / Flush or pour flush toilet
P = Choo ya shimo / Pit latrine
C = Maozo choo / Composting toilet
B = Choo kwa ndoo / Bucket toilet
H = Hanging toilet / hanging latrine
N = Hakuna kituo au kichaka au shamba / No facility or bush or field
O = Wengine (Taja) / Other (Specify)_________________________
Je, wewe hutumia choo hiki na watu wengine? N = Hakuna = Y Ndiyo
Do you share this toilet facility with other households? N = No Y = Yes
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Maji yanayotumiwa nyumbani kwako kwa ajili ya kunywa hutoka wapi? /
What is the main source of water used by your household for drinking?
P = Maji binafsi ya mfereji / Private piped water
C = Maji ya bomba katika eneo / Piped water into compound
SD = Bwawa la mchanga / Sand dam
T = Bomba la umma au bomba lililosimamaishwa / Public tap or stand pipe
W = Tube vizuri au shimo la maji / Tube well or bore hole
D = Kisima cha kuchibwa kilicholindwa / Dug well, protected
U = Kisima cha kuchibwa ambacho hakijalidwa / Dug well, unprotected
S = Maji ya chemchemi,iliyolidwa / Water from spring, protected
G = Maji ya chemchemi ambayo haijalidwae / Water from spring, unprotected
R = Maji ya Mvua maji / Rain water
K = Maji ya lori / Tanker truck
M = Gari la ng'ombe au lori ndogo / Cart or small tanker
R = mto, mkondo, kidimbwi, ziwa / River, stream, pond, lake
B = Maji ya chupa / Bottled water
O = Nyingine (taja) / Other (specify) ________________

Je, wewe kwa kawaida hufanya nini kuhakikisha maji ni salama ya kunywa? /
What do you usually do to make the water safer to drink?
N = Hakuna mii hudhani ni salama / Nothing. Assume safe
B = Kuchemsha / Boil
A = Kuongeza bleach au klorini / Add bleach or chlorine
C= Kuchuja kwa kutumia kitambaa / Strain through a cloth
F = Kutumia kichungi cha (kauri au mchanga au Composite) / Use filter (ceramic or sand
or composite)
D = Kuua viini kwa kutumia miale ya / Solar disinfection
S = Kuwacha maji kusimama na kukaa / Let it stand and settle
O = Nyingine (taja) / Other (specify) _______________________
D = Sijui / Don't know
Wakati wowote katika miezi 12 iliyopita, kuna mtu yeyote amekuja kwa nyumba yako na
kunyunyiza dawa kwa kuta kuua mbu? N = Hakuna Y = Ndiyo
At any time in the past 12 months, has anyone come into your house to spray the inside
walls against mosquitoes? N = No Y = Yes
Je,kwa nyumba yako kuna vyandarua vilivyotibiwa ambavyo hutumika wakati watu
wamelala? N = Hakuna Y = Ndiyo
Does your household have any insecticide treated mosquito nets that can be used while
sleeping? N = No Y = Yes
Je, mtoto wako kulala chini ya dawa kutibiwa chandarua?
N = Hakuna Y = Ndiyo D = Hawajui
Does your child sleep under an insecticide treated mosquito net?
N = Hakuna / No Y = Ndiyo / Yes D = Hawajui / Don’t know
Maandalizi ya chakula / Food preparation
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Kwa kawaida nani hupika chakula cha mtoto wako? / Who usually cooks your child’s
food?
M = Mama / Mother
C = Mtoaji huduma / Care-giver
S = Ndugu / Sibling
O = Nyingine / Other
Kwa kawaida nani hulisha mtoto wako? / Who usually feeds your child?
M = Mama / Mother
C = Mtoaji huduma / Care-giver
S = Ndugu / Sibling
O = Nyingine / Other
Je,kwa kawida, wewe hufunika chakula mpaka wakati wa kula? N = Hakuna Y = Ndiyo
Do you always cover food until it is eaten? N = No Y = Yes
Je, kwa kawida,wewe huosha chakula ghafi kabla ya kukipatia mtoto wako? N =
Hakuna
Y = Ndiyo
Do you always wash raw food before giving it to your child?
N = No Y = Yes
Je, kwa kawida, wewe huchemsha maji kabla ya kuipatia mtoto wako? N = Hakuna Y
= Ndiyo
Do you always boil water before giving it to your child?
N = No Y = Yes
Je, daima nawa mikono yako (pamoja na au bila sabuni) kabla ya kulisha mtoto wako?
N = Hakuna Y = Ndiyo
Do you always wash your hands (with or without soap) before feeding your child?
N = No Y = Yes
Kila mara upapotaka kulisha mtoto, huwa unaosha mkono na sabuni?
Do you always wash your hands with soap before feeding your child?
N = Hakuna / No Y = Ndiyo / Yes
Je,wewe hutumia mikakat iingine ya usafi (kwa mfano kuosha mikono ya mtoto wako;
kuosha uso wa mtoto wako)? N = Hakuna Y = Ndiyo
Tafadhali/Describe_____________________
Do you use other hygiene strategies (e.g. washing your child's hands; washing your
child's face)? N = No Y = Yes Please describe___________________________
Je, kuna mtu yeyote mara kwa mara huvuta sigara au kutumia aina nyingine yoyote ya
tumbaku katika nyumba? N = Hakuna Y = Ndiyo
Does anyone regularly smoke cigarettes or use any other type of tobacco in the house?
N = No Y = Yes
Je, wewe hutumia moto wazi kwa ajili ya kupikia katika nyumba? N = Hakuna Y=
Ndiyo
Do you use an open fire for cooking in the house? N = No Y = Yes
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Utafiti wa Kenya Mtoto Fund
Kenya Child Fund Study
Anthropometry - Baseline

Mhoji / Interviewer
Tarehe ya Mahojiano (Siku/ mwezi/mwaka) / Date of Interview
(dd/mm/yyyy)
Jina la kituo Cha Utotoni / Early Childhood Centre name
Mama / Mother
Jina la mama / Mother’s name
Anuani ya mama / Mother’s address
Tarehe ya kuzaliwa ya mama (Siku / mwezi / mwaka)
Mother’s date of birth (dd/mm/yyyy)
Umri wa mama (miaka) / Mother’s age (y)
Utafiti wa mtoto / Study child
Jina la mtoto / Child’s name
Utambulisho wa mtoto / Child's ID number
Tarehe ya kuzaliwa mtoto (kutoka cheti cha kuzaliwa au kutoka cha)
(Siku/ mwezi /mwaka)
Child’s date of birth (from birth certificate or data from Centre)
(dd/mm/yyyy)
Umri wa mtoto (miaka) / Child’s age (years)
Jinsia ya mtoto (M/F) / Child’s sex (M/F)
Kabila la mtoto /Child's tribe M = Maasi; K = Kamba; O =
nyingine/Other
Vipimo vya Anthropometric vya mtoto
Anthropometric measurements of child
Fanya vipimo viwiili. kipimo cha tatu kifanywe iwapo tofauti kati ya
uchunguzi wa kipimo cha kwanza na cha pili unazidi "tofauti inayoruhusika"
Always make two measurements. Make a third measurement if the
difference between the first observation and the second observation
exceeds the "allowable difference"
Uzito / Weight (kilo / kg) Tofauti inayoruhusika / Allowable difference =
0.1 kilo
Uchunguzi wa kwanza / First observation
Uchunguzi wa pili / Second observation
Uchunguzi wa tatu / Third Observation
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Urefu / Height (sentimita / cm).
Tofauti inayoruhusika / Allowable difference = 0.7 sentimita / cm
Uchunguzi wa kwanza / First observation
Uchunguzi wa pili / Second observation
Uchunguzi wa tatu / Third Observation
Katikati ya juu ya mkono mduara (sentimita) / Mid-upper arm
circumference (cm)
Tofauti inayoruhusika / Allowable difference = 0.5 sentimita / cm
Uchunguzi wa kwanza / First observation
Uchunguzi wa pili / Second observation
Uchunguzi wa tatu / Third Observation

Triceps skinfold (mm)
Tofauti inayoruhusika / Allowable difference = 2.0 milimita / mm
Uchunguzi wa kwanza / First observation
Uchunguzi wa pili / Second observation
Uchunguzi wa tatu / Third Observation
Vpimo vya Anthropometric MAMAKE mtoto /
Anthropometric measurements on MOTHER of the child
Urefu wa mama kibiolojia (sentimita) / Height of biological mother
(cm).
Tofauti inayoruhusika / Allowable difference = 0. 7 sentimita / cm
Uchunguzi wa kwanza / First observation
Uchunguzi wa pili /Second observation
Uchunguzi wa tatu / Third observation
Uzito wa mama mlezi (kilo) / Weight of biological mother (kg).
Tofauti inayoruhusika / Allowable difference = 0.1 kilo
Uchunguzi wa kwanza / First observation
Uchunguzi wa pili /Second observation
Uchunguzi wa tatu / Third observation
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Appendix C Blood Collection Form
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Kenya Mtoto Mfuko kifani Kenya Child Fund Study - Blood collection

Mhoji / Interviewer
Tarehe ya Mahojiano (Siku/mwezi/mwaka)
Date of Interview (dd/mm/yyyy)
Jina la kituo cha utotoni / Early Childhood Centre name
Utafiti wa Mtoto / Study child
Jina la mtoto / Child’s name
Namba ya usajiri ya wa mtoto / Child's ID number
Tarehe ya kuzaliwa mtoto (kutoka kwacheti au kutoka kituoni)
(Siku/mwezi/mwaka) /
Child’s date of birth (from certificate or from Center) (dd/mm/yyyy)
Umri wa mtoto (miezi) / Child’s age (months)
Jinsia ya mtoto (M/F) / Child’s sex (M/F)
Majira na maambukizi / Timing & Infection
Wakati wa mlo wa mtoto REKODI mlo KATIKA SAA KUTUMIA SAA
YA 24, i.e. 8:15 = 8.25, = 5.14 02:30. 0 = jana
Time of child’s last meal RECORD TIMES IN HOURS USING 24hr
CLOCK, i.e. 8.15am = 8.25, 2.30pm = 14.5. 0 = YESTERDAY
Mtoto wako alipewa kiitafunio kiwango maalum kabla ya damu
ilichukuliwa?
Was your child given a standard snack before the blood was taken?
D = Hawajui / Don’t know
N = Hakuna / No Y = Ndiyo / Yes
Wakati wa ukusanyaji wa damu REKODI WAKATI KATIKA SAA
KUTUMIA SAA YA 24
Time of blood collection RECORD TIME IN HOURS USING 24 hr
CLOCK
Je, mtoto anaonyesha dalili ya maambukizi?
Does child show evidence of infection?
N = Hakuna / No Y= Ndiyo / Yes
Kujitenga na kupasuka kwa chembe
Separation and Hemolysis
Wakati wa kujitenga Plasma / Time of plasma separation
Plasma ina chembe? Is plasma hemolyzed?
N = Hakuna / No
Y= Ndiyo / Yes
Hemocue
Thamani ya Himoglobini / Hemoglobin value (g/L)
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Jaza data ya
mtoto katika
safu hii
Insert Data for
Child in this
column

Appendix D

Criteria used to determine wealth index

Electricity
Agricultural land
Type of water source
River/pond or Rainwater
Well or Dam
Shared pipe or Tap or Tanker
Private piped
Type of toilet
No facility/ bush/ other
Pit latrine
House material
Mud
Iron or Wood
Sundried Brick
Firebrick
Concrete
Floor material
Earth or dung
Concrete or tile
Roof material
Mud or Cow dung
Thatch or Grass
Iron
Window material
None
Wood
Glass
Other
Number living in home
Ownership of home
Cooking room
Outdoors or other
Separate building
In house
Items owned
Radio
Television
Refrigerator
Bicycle
Motorcycle
Car
Phone
Solar panel
Cart
Animals
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Appendix E Recipe information and nutrient content of school meals
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School Name: Emali
Tribe: Kamba
Number of children: 101

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
1376
15000
450

Per serving
(269g)
325.6
77.8
2.1
7.0
4.4
8.4
2.1
2.0
0.1
0.1
1.0
0.1
0.5
39.1
5.8
2.2
26.3
152.5
55.8

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
15000
15000
450
273
Per Serving
(414g)
1970.6
471.4
20.6
85.6
5.7
25.9
24.8
2.6
0.4
0.2
3.0
0.4
0.0
165.8
0.0
2.0
1.5
38.5
569.8

Nutrient
Per 100g
Per 100g
Energy (kJ)
121.0
476.0
Energy (kcal)
28.9
113.9
Protein (g)
0.8
5.0
Carbohydrate (g)
2.6
20.7
Fat (g)
1.6
1.4
1
Calcium (mg)
3.1
6.3
1
Iron (mg)
0.8
6.0
1
Zinc (mg)
0.7
0.6
Thiamin (mg)
0.0
0.1
Riboflavin (mg)
0.0
0.0
Niacin (mg)
0.4
0.7
Vitamin B6 (mg)
0.0
0.1
Vitamin B12 (µg)
0.2
0.0
Folate (µg DFE)
14.6
40.0
Iodine (µg)
2.2
0.0
Vitamin C (mg)
0.8
0.5
Vitamin D (IU)
9.8
0.4
Vitamin A (µg RE)
56.7
9.3
Phytate (mg)¹
20.7
137.6
P:Zn molar ratio
2.8
21.6
P:Fe molar ratio
2.3
1.9
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
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School Name: Entaretoi
Tribe: Maasai
Number of children: 40

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil
Sugar

Quantity (g)
2592
15000
310
284

Githeri
Ingredient
Maize
Beans
Oil
Salt
Onion

Quantity (g)
25000
6000
857
750
118

Per serving
Per Serving
Nutrient
Per 100g
(452g)
Per 100g
(376g)
Energy (kJ)
230.2
1040.5
434.1
1632.3
Energy (kcal)
55.0
248.7
103.9
390.5
Protein (g)
2.6
11.8
3.2
12.1
Carbohydrate (g)
8.7
39.3
18.7
70.3
Fat (g)
0.9
3.9
1.8
6.9
1
Calcium (mg)
10.4
47.0
3.2
12.0
1
Iron (mg)
2.6
11.6
1.6
6.1
Zinc (mg) 1
2.5
11.1
0.5
1.8
Thiamin (mg)
0.1
0.4
0.1
0.2
Riboflavin (mg)
0.1
0.3
0.0
0.1
Niacin (mg)
1.3
5.9
0.8
2.9
Vitamin B6 (mg)
0.1
0.5
0.1
0.4
Vitamin B12 (µg)
0.6
2.6
0.0
0.0
Folate (µg DFE)
48.7
220.3
13.4
50.4
Iodine (µg)
7.2
32.7
0.0
0.0
Vitamin C (mg)
2.7
12.3
0.2
0.6
Vitamin D (IU)
29.0
130.9
0.6
2.2
Vitamin A (µg RE)
92.3
417.2
15.1
56.9
Phytate (mg) ¹
69.4
313.8
117.8
442.9
P:Zn molar ratio
2.8
24.6
P:Fe molar ratio
2.3
6.1
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
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School Name: Iviani
Tribe: Kamba
Number of children: 72

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
1960
36000
295

Per serving
(720g²)
792.0
189.3
6.6
22.1
7.6
26.5
6.5
6.3
0.2
0.2
3.3
0.3
1.5
124.2
18.4
6.9
78.2
616.7
176.9

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
6000
3000
295
83
Per Serving
(400g)
1849.8
442.5
15.8
78.1
7.7
16.1
16.2
2.1
0.3
0.1
3.0
0.4
0.0
98.4
0.0
1.2
2.9
74.9
505.3

Nutrient
Per 100g
Per 100g
Energy (kJ)
110.0
462.4
Energy (kcal)
26.3
110.6
Protein (g)
0.9
4.0
Carbohydrate (g)
3.1
19.5
Fat (g)
1.1
1.9
Calcium (mg) 1
3.7
4.0
1
Iron (mg)
0.9
4.0
1
Zinc (mg)
0.9
0.5
Thiamin (mg)
0.0
0.1
Riboflavin (mg)
0.0
0.0
Niacin (mg)
0.5
0.8
Vitamin B6 (mg)
0.0
0.1
Vitamin B12 (µg)
0.2
0.0
Folate (µg DFE)
17.2
24.6
Iodine (µg)
2.6
0.0
Vitamin C (mg)
1.0
0.3
Vitamin D (IU)
10.9
0.7
Vitamin A (µg RE)
85.6
18.7
Phytate (mg) ¹
24.6
16.3
P:Zn molar ratio
2.8
23.8
P:Fe molar ratio
2.3
2.6
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
2

Second serving provided to all children included in the standard serving size.
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School Name: Kalima
Tribe: Kamba
Number of children: 37

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
2295
10000
189

Per serving
(564g²)
1964.3
469.5
18.7
62.2
14.5
74.4
18.4
17.6
0.6
0.5
9.3
0.7
4.1
349.0
51.8
19.5
214.2
1247.3
479.2

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
38000
10000
756
1000
Per Serving
(576g)
2455.6
587.5
19.1
108.6
8.8
15.2
16.1
2.7
0.4
0.1
4.4
0.5
0.0
84.0
0.0
1.0
1.9
49.1
688.5

Nutrient
Per 100g
Per 100g
Energy (kJ)
348.3
426.3
Energy (kcal)
83.2
102.0
Protein (g)
3.3
3.3
Carbohydrate (g)
11.0
18.9
Fat (g)
2.6
1.5
Calcium (mg) 1
13.2
2.6
1
Iron (mg)
3.3
2.8
1
Zinc (mg)
3.1
0.5
Thiamin (mg)
0.1
0.1
Riboflavin (mg)
0.1
0.0
Niacin (mg)
1.7
0.8
Vitamin B6 (mg)
0.1
0.1
Vitamin B12 (µg)
0.7
0.0
Folate (µg DFE)
61.9
14.6
Iodine (µg)
9.2
0.0
Vitamin C (mg)
3.5
0.2
Vitamin D (IU)
38.0
0.3
Vitamin A (µg RE)
221.2
8.5
Phytate (mg)¹
88.1
119.5
P:Zn molar ratio
2.8
25.7
P:Fe molar ratio
2.3
3.6
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
2

Second serving provided to all children included in the standard serving size.
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School Name: Katingani
Tribe: Kamba
Number of children: 25

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
3600
15000
198

Per serving
(315g²)
1081.8
258.6
10.9
36.2
6.8
43.3
10.7
10.3
0.4
0.3
5.4
0.4
2.4
203.1
30.2
11.3
123.3
612.4
289.3

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
2000
3000
198
4
Per Serving
(360g²)
1879.8
449.7
20.3
76.7
7.4
27.6
26.1
2.5
0.4
0.2
2.6
0.4
0.0
180.8
0.0
2.2
3.6
92.3
519.0

Nutrient
Per 100g
Per 100g
Energy (kJ)
343.4
522.2
Energy (kcal)
82.1
124.9
Protein (g)
3.4
5.6
Carbohydrate (g)
11.5
21.3
Fat (g)
2.2
2.1
Calcium (mg) 1
13.8
7.7
1
Iron (mg)
3.4
7.3
1
Zinc (mg)
3.3
0.7
Thiamin (mg)
0.1
0.1
Riboflavin (mg)
0.1
0.0
Niacin (mg)
1.7
0.7
Vitamin B6 (mg)
0.1
0.1
Vitamin B12 (µg)
0.8
0.0
Folate (µg DFE)
64.5
50.2
Iodine (µg)
9.6
0.0
Vitamin C (mg)
3.6
0.6
Vitamin D (IU)
39.1
1.0
Vitamin A (µg RE)
194.4
25.6
Phytate (mg) ¹
91.8
144.2
P:Zn molar ratio
2.8
20.5
P:Fe molar ratio
2.3
1.7
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
²Second serving provided to some, but not all, children. This second serve was not
included in the standard serving size.
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School Name: Kiliku
Tribe: Kamba
Number of children: 102

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
13488
40000
225

Per serving
(478g²)
1982.5
473.8
21.6
72.0
9.1
86.2
21.2
20.4
0.7
0.5
10.8
0.8
4.8
404.0
60.0
22.6
241.7
902.7
575.6

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
5000
7000
450
250
Per Serving
(436g)
2237.5
535.3
24.0
91.8
8.7
32.7
30.5
3.0
0.5
0.2
3.1
0.5
0.0
210.0
0.0
2.6
4.1
104.4
619.7

Nutrient
Per 100g
Per 100g
Energy (kJ)
414.7
513.2
Energy (kcal)
99.1
122.8
Protein (g)
4.5
5.5
Carbohydrate (g)
15.1
21.1
Fat (g)
1.9
2.0
Calcium (mg) 1
18.0
7.5
1
Iron (mg)
4.4
7.0
1
Zinc (mg)
4.3
0.7
Thiamin (mg)
0.2
0.1
Riboflavin (mg)
0.1
0.0
Niacin (mg)
2.3
0.7
Vitamin B6 (mg)
0.2
0.1
Vitamin B12 (µg)
1.0
0.0
Folate (µg DFE)
84.5
48.2
Iodine (µg)
12.6
0.0
Vitamin C (mg)
4.7
0.6
Vitamin D (IU)
50.6
0.9
Vitamin A (µg RE)
188.8
24.0
Phytate (mg) ¹
120.4
142.1
P:Zn molar ratio
2.8
20.6
P:Fe molar ratio
2.3
1.7
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
²Second serving provided to some, but not all, children. This second serve was not
included in the standard serving size.
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School Name: Kiuani
Tribe: Kamba
Number of children: 42

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
4320
30000
225

Per serving
(462g)
1029.9
246.1
10.4
34.7
6.4
41.5
10.2
9.8
0.4
0.3
5.2
0.4
2.3
194.5
28.9
10.9
118.0
574.9
277.0

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
5000
4000
113
76
Per Serving
(240g)
1112.4
266.1
11.1
48.8
3.2
13.1
12.8
1.4
0.2
0.1
1.8
0.2
0.0
83.3
0.0
1.0
0.7
18.1
321.7

Nutrient
Per 100g
Per 100g
Energy (kJ)
222.9
463.5
Energy (kcal)
53.3
110.9
Protein (g)
2.3
4.6
Carbohydrate (g)
7.5
20.3
Fat (g)
1.4
1.3
1
Calcium (mg)
9.0
5.5
1
Iron (mg)
2.2
5.3
1
Zinc (mg)
2.1
0.6
Thiamin (mg)
0.1
0.1
Riboflavin (mg)
0.1
0.0
Niacin (mg)
1.1
0.7
Vitamin B6 (mg)
0.1
0.1
Vitamin B12 (µg)
0.5
0.0
Folate (µg DFE)
42.1
34.7
Iodine (µg)
6.3
0.0
Vitamin C (mg)
2.4
0.4
Vitamin D (IU)
25.5
0.3
Vitamin A (µg RE)
124.4
7.6
Phytate (mg)¹
60.0
134.1
P:Zn molar ratio
2.8
22.3
P:Fe molar ratio
2.3
2.1
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
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School Name: Matiku
Tribe: Kamba
Number of children: 50

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
5000
36000
286

Per serving
(298g)
648.0
154.9
6.5
21.6
4.2
25.8
6.4
6.1
0.2
0.2
3.2
0.3
1.4
121.1
18.0
6.8
73.6
370.7
172.5

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
7000
4000
0
76
Per Serving
(240g)
1051.1
251.5
10.0
47.7
2.5
10.6
10.6
1.3
0.2
0.1
1.8
0.2
0.0
65.9
0.0
0.8
0.0
0.0
310.6

Nutrient
Per 100g
Per 100g
Energy (kJ)
218.2
438.0
Energy (kcal)
52.1
104.8
Protein (g)
2.2
4.2
Carbohydrate (g)
7.3
19.9
Fat (g)
1.4
1.0
1
Calcium (mg)
8.7
4.4
1
Iron (mg)
2.1
4.4
1
Zinc (mg)
2.1
0.5
Thiamin (mg)
0.1
0.1
Riboflavin (mg)
0.1
0.0
Niacin (mg)
1.1
0.8
Vitamin B6 (mg)
0.1
0.1
Vitamin B12 (µg)
0.5
0.0
Folate (µg DFE)
40.8
27.5
Iodine (µg)
6.1
0.0
Vitamin C (mg)
2.3
0.3
Vitamin D (IU)
24.8
0.0
Vitamin A (µg RE)
124.8
0.0
Phytate (mg)¹
58.1
129.4
P:Zn molar ratio
2.8
23.3
P:Fe molar ratio
2.3
2.5
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).

128

School Name: Mulala
Tribe: Kamba
Number of children: 101

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
2850
20000
450

Per serving
(382g)
1015.8
242.8
8.4
28.0
10.0
33.5
8.3
7.9
0.3
0.2
4.2
0.3
1.9
157.3
23.4
8.8
99.4
804.5
224.0

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
6000
6000
450
250
Per Serving
(240g)
1190.2
284.7
11.8
49.1
4.8
15.1
14.2
1.5
0.2
0.1
1.7
0.2
0.0
95.1
0.0
1.2
2.1
55.2
327.0

Nutrient
Per 100g
Per 100g
Energy (kJ)
265.9
495.9
Energy (kcal)
63.6
118.6
Protein (g)
2.2
4.9
Carbohydrate (g)
7.3
20.5
Fat (g)
2.6
2.0
1
Calcium (mg)
8.8
6.3
1
Iron (mg)
2.2
5.9
1
Zinc (mg)
2.1
0.6
Thiamin (mg)
0.1
0.1
Riboflavin (mg)
0.1
0.0
Niacin (mg)
1.1
0.7
Vitamin B6 (mg)
0.1
0.1
Vitamin B12 (µg)
0.5
0.0
Folate (µg DFE)
41.2
39.6
Iodine (µg)
6.1
0.0
Vitamin C (mg)
2.3
0.5
Vitamin D (IU)
26.0
0.9
Vitamin A (µg RE)
210.6
23.0
Phytate (mg) ¹
58.7
136.2
P:Zn molar ratio
2.8
21.6
P:Fe molar ratio
2.3
1.9
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
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School Name: Nduundune
Tribe: Kamba
Number of children: 74

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
1480
20000
315

Per serving
(314g²)
506.9
121.1
3.8
12.8
5.7
15.3
3.8
3.6
0.1
0.1
1.9
0.1
0.9
71.8
10.7
4.0
46.3
447.6
102.2

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
75000
24000
900
1000
Per Serving
(268g)
1143.8
273.6
9.4
51.3
3.6
8.0
8.4
1.3
0.2
0.1
2.1
0.3
0.0
46.4
0.0
0.6
0.5
13.5
326.8

Nutrient
Per 100g
Per 100g
Energy (kJ)
161.4
426.8
Energy (kcal)
38.6
102.1
Protein (g)
1.2
3.5
Carbohydrate (g)
4.1
19.1
Fat (g)
1.8
1.4
Calcium (mg) 1
4.9
3.0
1
Iron (mg)
1.2
3.1
1
Zinc (mg)
1.2
0.5
Thiamin (mg)
0.0
0.1
Riboflavin (mg)
0.0
0.0
Niacin (mg)
0.6
0.8
Vitamin B6 (mg)
0.0
0.1
Vitamin B12 (µg)
0.3
0.0
Folate (µg DFE)
22.9
17.3
Iodine (µg)
3.4
0.0
Vitamin C (mg)
1.3
0.2
Vitamin D (IU)
14.7
0.2
Vitamin A (µg RE)
142.5
5.0
Phytate (mg) ¹
32.6
121.9
P:Zn molar ratio
2.8
25.2
P:Fe molar ratio
2.3
3.3
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
²
Second serving provided to some, but not all, children. This second serve was not
included in the standard serving size.
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School Name: Nembuya
Tribe: Maasai
Number of children: 27

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
3198
25000
315

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
10000
75000
315
250
Per Serving
(272g)
1506.8
360.5
22.0
65.5
2.0
35.4
32.4
2.6
0.4
0.2
1.8
0.3
0.0
237.1
0.0
2.9
0.3
7.7
465.7

Nutrient
Per 100g
Per serving(326g)
Per 100g
Energy (kJ)
219.2
714.5
554.0
Energy (kcal)
52.4
170.8
132.5
Protein (g)
2.0
6.6
8.1
Carbohydrate (g)
6.7
21.9
24.1
Fat (g)
1.7
5.7
0.7
1
Calcium (mg)
8.1
26.3
13.0
1
Iron (mg)
2.0
6.5
11.9
1
Zinc (mg)
1.9
6.2
0.9
Thiamin (mg)
0.1
0.2
0.2
Riboflavin (mg)
0.0
0.2
0.1
Niacin (mg)
1.0
3.3
0.7
Vitamin B6 (mg)
0.1
0.3
0.1
Vitamin B12 (µg)
0.4
1.5
0.0
Folate (µg DFE)
37.8
123.1
87.2
Iodine (µg)
5.6
18.3
0.0
Vitamin C (mg)
2.1
6.9
1.1
Vitamin D (IU)
23.3
76.0
0.1
Vitamin A (µg RE)
147.4
480.4
2.8
Phytate (mg) ¹
53.8
175.3
171.2
P:Zn molar ratio
2.8
17.9
P:Fe molar ratio
2.3
1.2
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
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School Name: Nkusso
Tribe: Maasai
Number of children: 72

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
2580
25000
601

Per serving
(341g)
763.2
182.4
5.6
18.7
8.9
22.3
5.5
5.3
0.2
0.1
2.8
0.2
1.2
104.8
15.6
5.9
68.1
696.5
149.3

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
21000
8000
900
400
Per Serving
(284g)
1280.2
306.3
10.4
54.5
5.4
9.5
9.8
1.4
0.2
0.1
2.2
0.3
0.0
56.3
0.0
0.7
1.9
49.0
349.1

Nutrient
Per 100g
Per 100g
Energy (kJ)
224.5
450.8
Energy (kcal)
53.6
107.8
Protein (g)
1.6
3.6
Carbohydrate (g)
5.5
19.2
Fat (g)
2.6
1.9
1
Calcium (mg)
6.6
3.4
1
Iron (mg)
1.6
3.5
1
Zinc (mg)
1.6
0.5
Thiamin (mg)
0.1
0.1
Riboflavin (mg)
0.0
0.0
Niacin (mg)
0.8
0.8
Vitamin B6 (mg)
0.1
0.1
Vitamin B12 (µg)
0.4
0.0
Folate (µg DFE)
30.8
19.8
Iodine (µg)
4.6
0.0
Vitamin C (mg)
1.7
0.2
Vitamin D (IU)
20.0
0.7
Vitamin A (µg RE)
204.9
17.3
Phytate (mg) ¹
43.9
122.9
P:Zn molar ratio
2.8
24.6
P:Fe molar ratio
2.3
3.0
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
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School Name: Noombala
Tribe: Maasai
Number of children: 34

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
6000
40000
300

Per serving
(324g)
745.2
178.1
7.6
25.2
4.6
30.1
7.4
7.1
0.3
0.2
3.8
0.3
1.7
141.3
21.0
7.9
85.7
411.8
201.3

Githeri
Ingredient
Maize
Beans
Oil

Quantity (g)
13000
6000
268

Per Serving
(324g)
1442.8
345.2
12.6
63.4
4.8
12.2
12.6
1.7
0.2
0.1
2.5
0.3
0.0
75.4
0.0
0.9
1.1
29.0
408.9

Nutrient
Per 100g
Per 100g
Energy (kJ)
230.0
445.3
Energy (kcal)
55.0
106.5
Protein (g)
2.3
3.9
Carbohydrate (g)
7.8
19.6
Fat (g)
1.4
1.5
1
Calcium (mg)
9.3
3.8
1
Iron (mg)
2.3
3.9
1
Zinc (mg)
2.2
0.5
Thiamin (mg)
0.1
0.1
Riboflavin (mg)
0.1
0.0
Niacin (mg)
1.2
0.8
Vitamin B6 (mg)
0.1
0.1
Vitamin B12 (µg)
0.5
0.0
Folate (µg DFE)
43.6
23.3
Iodine (µg)
6.5
0.0
Vitamin C (mg)
2.4
0.3
Vitamin D (IU)
26.4
0.3
Vitamin A (µg RE)
127.1
8.9
Phytate (mg) ¹
62.1
126.2
P:Zn molar ratio
2.8
24.0
P:Fe molar ratio
2.3
2.7
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
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School Name: Noongabolo
Tribe: Maasai
Number of children: 21

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Sugar
Milk

Quantity (g)
2625
20000
294
1030
Per serving
(320g)
655.2
156.6
6.8
25.6
2.6
44.0
6.2
6.0
0.2
0.2
3.2
0.3
1.5
119.1
17.5
6.6
70.4
229.9
168.2

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
7000
3000
450
200
Per Serving
(262g)
1221.5
292.2
9.8
50.3
5.9
9.6
9.6
1.3
0.2
0.1
2.0
0.2
0.0
56.8
0.0
0.7
2.6
65.9
323.9

Nutrient
Per 100g
Per 100g
Energy (kJ)
204.8
466.2
Energy (kcal)
48.9
111.5
Protein (g)
2.1
3.8
Carbohydrate (g)
8.0
19.2
Fat (g)
0.8
2.3
1
Calcium (mg)
13.7
3.7
1
Iron (mg)
2.0
3.7
1
Zinc (mg)
1.9
0.5
Thiamin (mg)
0.1
0.1
Riboflavin (mg)
0.1
0.0
Niacin (mg)
1.0
0.8
Vitamin B6 (mg)
0.1
0.1
Vitamin B12 (µg)
0.5
0.0
Folate (µg DFE)
37.2
21.7
Iodine (µg)
5.5
0.0
Vitamin C (mg)
2.1
0.3
Vitamin D (IU)
22.0
1.0
Vitamin A (µg RE)
71.9
25.2
Phytate (mg) ¹
52.6
123.6
P:Zn molar ratio
2.8
24.2
P:Fe molar ratio
2.3
2.8
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
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School Name: Oldonyo Lenkai
Tribe: Maasai
Number of children: 41

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
2000
20000
296

Per serving
(649g)
1244.3
297.4
10.5
34.9
11.9
41.8
10.3
9.9
0.4
0.3
5.2
0.4
2.3
196.0
29.1
10.9
123.3
962.8
279.1

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
15000
7000
1158
500
Per Serving
(289g)
1374.8
328.9
11.1
55.6
7.1
11.2
11.1
1.5
0.2
0.1
2.2
0.3
0.0
66.8
0.0
0.8
3.3
85.5
359.2

Nutrient
Per 100g
Per 100g
Energy (kJ)
191.7
475.7
Energy (kcal)
45.8
113.8
Protein (g)
1.6
3.8
Carbohydrate (g)
5.4
19.3
Fat (g)
1.8
2.4
1
Calcium (mg)
6.4
3.9
1
Iron (mg)
1.6
3.9
1
Zinc (mg)
1.5
0.5
Thiamin (mg)
0.1
0.1
Riboflavin (mg)
0.0
0.0
Niacin (mg)
0.8
0.7
Vitamin B6 (mg)
0.1
0.1
Vitamin B12 (µg)
0.4
0.0
Folate (µg DFE)
30.2
23.1
Iodine (µg)
4.5
0.0
Vitamin C (mg)
1.7
0.3
Vitamin D (IU)
19.0
1.1
Vitamin A (µg RE)
148.3
29.6
Phytate (mg) ¹
43.0
124.6
P:Zn molar ratio
2.8
24.0
P:Fe molar ratio
2.3
2.7
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
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School Name: Oltinka
Tribe: Maasai
Number of children: 17

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
4000
40000
333

Per serving
(460g²)
787.7
188.3
7.5
24.9
5.8
29.8
7.3
7.1
0.3
0.2
3.7
0.3
1.7
139.7
20.8
7.8
85.8
501.8
199.0

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
15000
3000
311
200
Per Serving
(262g)
1107.3
264.9
8.1
48.9
4.2
5.6
6.3
1.2
0.2
0.1
2.0
0.2
0.0
30.1
0.0
0.4
0.9
24.1
308.1

Nutrient
Per 100g
Per 100g
Energy (kJ)
171.2
422.6
Energy (kcal)
40.9
101.1
Protein (g)
1.6
3.1
Carbohydrate (g)
5.4
18.7
Fat (g)
1.3
1.6
Calcium (mg) 1
6.5
2.1
1
Iron (mg)
1.6
2.4
1
Zinc (mg)
1.5
0.4
Thiamin (mg)
0.1
0.1
Riboflavin (mg)
0.0
0.0
Niacin (mg)
0.8
0.8
Vitamin B6 (mg)
0.1
0.1
Vitamin B12 (µg)
0.4
0.0
Folate (µg DFE)
30.4
11.5
Iodine (µg)
4.5
0.0
Vitamin C (mg)
1.7
0.1
Vitamin D (IU)
18.6
0.4
Vitamin A (µg RE)
109.1
9.2
Phytate (mg) ¹
43.3
117.6
P:Zn molar ratio
2.8
26.5
P:Fe molar ratio
2.3
4.1
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
2
Second serving provided to all children included in the standard serving size.
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School Name: Paranae
Tribe: Maasai
Number of children: 20

Recipe

UNIMIX
Ingredient
UNIMIX
Water

Quantity (g)
6000
15000

Per serving
(296g)
1344.6
321.4
15.2
50.7
5.1
60.7
15.0
14.4
0.5
0.4
7.6
0.6
3.4
284.7
42.3
15.9
169.1
539.1
405.5

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
7000
3000
389
200
Per Serving
(272g)
1253.5
299.9
10.2
52.3
5.7
10.0
10.0
1.4
0.2
0.1
2.0
0.3
0.0
59.1
0.0
0.7
2.3
59.2
336.8

Nutrient
Per 100g
Per 100g
Energy (kJ)
454.3
460.9
Energy (kcal)
108.6
110.3
Protein (g)
5.1
3.8
Carbohydrate (g)
17.1
19.2
Fat (g)
1.7
2.1
1
Calcium (mg)
20.5
3.7
1
Iron (mg)
5.1
3.7
1
Zinc (mg)
4.9
0.5
Thiamin (mg)
0.2
0.1
Riboflavin (mg)
0.1
0.0
Niacin (mg)
2.6
0.8
Vitamin B6 (mg)
0.2
0.1
Vitamin B12 (µg)
1.1
0.0
Folate (µg DFE)
96.2
21.7
Iodine (µg)
14.3
0.0
Vitamin C (mg)
5.4
0.3
Vitamin D (IU)
57.1
0.8
Vitamin A (µg RE)
182.1
21.8
Phytate (mg) ¹
137.0
123.8
P:Zn molar ratio
2.8
24.2
P:Fe molar ratio
2.3
2.8
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
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School Name: Tutini
Tribe: Kamba
Number of children: 40

Recipe

UNIMIX
Ingredient
UNIMIX
Water
Oil

Quantity (g)
4000
27000
225

Per serving
(595g²)
1370.4
327.5
13.7
45.7
8.7
54.7
13.5
13.0
0.5
0.3
6.9
0.5
3.0
256.6
38.1
14.3
155.9
780.3
365.5

Githeri
Ingredient
Maize
Beans
Oil
Salt

Quantity (g)
8000
8000
225
122
Per Serving
(252g)
1197.8
286.5
12.6
52.2
3.4
15.7
15.1
1.6
0.2
0.1
1.9
0.3
0.0
101.0
0.0
1.2
0.9
22.0
569.8

Nutrient
Per 100g
Per 100g
Energy (kJ)
230.3
475.3
Energy (kcal)
55.0
113.7
Protein (g)
2.3
5.0
Carbohydrate (g)
7.7
20.7
Fat (g)
1.5
1.4
1
Calcium (mg)
9.2
6.2
1
Iron (mg)
2.3
6.0
1
Zinc (mg)
2.2
0.6
Thiamin (mg)
0.1
0.1
Riboflavin (mg)
0.1
0.0
Niacin (mg)
1.2
0.7
Vitamin B6 (mg)
0.1
0.1
Vitamin B12 (µg)
0.5
0.0
Folate (µg DFE)
43.1
40.1
Iodine (µg)
6.4
0.0
Vitamin C (mg)
2.4
0.5
Vitamin D (IU)
26.2
0.3
Vitamin A (µg RE)
131.1
8.7
Phytate (mg) ¹
61.4
137.7
P:Zn molar ratio
2.8
21.6
P:Fe molar ratio
2.3
1.9
¹ Based on the mean analysed amount in maize (6 batches), red kidney beans (3 batches),
and rose coco beans (1 batch).
2
Second serving provided to all children included in the standard serving size.
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