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DEFINITION OF OPERATIONAL TERMS
Anaemia: Haemoglobin concentration below 11.5 g/dl of lbloo

Animal Source Foods Nutrient dense foods of animal origin that providetein of high
biological value, energy, and fat and are likelyb® the only unfortified foods that can
provide enough calcium, iron, and zinc for infaautel children

Complementary foods Foods other than breast milk or infant formulauias, semisolids,
and solids) introduced to an infant to provide ieumts.

Entomophagy: The practice of eating insects.

Food fortification: “The addition of one or more essential nutrigota food, whether or not
it is normally contained in the food, for the puspoof preventing or correcting a
demonstrated deficiency of one or more nutrientshan population or specific population
groups” (FAO, 1996).

Indigenous foods:Foods known to be grown in a particular area thahot be grown
elsewhere

Low Body Mass Index Body mass index below 18.5 kgfm

Malnutrition : A condition that results from eating a diet in whitutrients are not enough or
are too much such that it causes health probleftenOused specifically to refer
to undernutrition where there are not enough cadorprotein or micronutrients; however, it
also includes overnutrition

Moderate Acute Malnutrition (MAM) : A weight-for-age between -3 and < -2 Z the median
of the WHO Child Growth Standards which can be dmewasting or stunting or to a
combination of both

Morbidity : Abnormality observed in the study participant@assult of infections

Pathology. Deviation from a healthy or normal condition

Study participants: Children who participated in the study

Traditional foods: Includes wild indigenous plants and animals colddtom land and
aquatic environments, semi domesticated indigeptargs and animals, locally available

staple foods processed using indigenous techniques
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PREAMBLE
The primary aim of this thesis was to comparativetgess the effect of three improved

complementary foods namely, 1) maize-germinatedngaaaranth-edible termitedagaa
small fish complementary food (WINFOODIassic-(WFC)), 2) multi-micronutrient (with
vitamins and minerals) fortified maize-germinatedhig amaranth complementary food
(WINFOOD Lite-(WFL)) and 3) multi-micronutrient fofied Corn Soy Blend plus (CSB+)
on linear growth (stunting), weight gain, haemogiaénd iron status of Kenyan infants 6-15

months. To achieve the primary objective, the stualy the following secondary objectives;

1. To assess the acceptability of the improved cometegary foods(WFC and WFL)
and CSB+ among the study population prior to thedoanized controlled trial

(RCT)

2. To determine the prevalence and severity of matmr among the study

population prior to the RCT

3. To assess the effect of the improved complemenfiaogs (WFC and WFL)
compared to CSB+ on linear growth (stunting) andybmass accrual (weight

gain) of infants 6-15 months old

4. To assess the effects of the improved complemeritgs (WFC and WFL)
compared to CSB+ on iron status and anaemia pms@lamong infants 6-15

months old

This thesis presents results of work done in tle@le-studies and organized into eight
chaptersChapters 1 and 2provide the background information for the studytwiterature
review on key components of the study.Ghapter 3, in order to fullfil specific objective
number one, the sensory attributes of the threeawea complementary foods namely,

WFC,CSB+ and WFL were assessed and the factorsemdlng consumption identified for
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improvement. This work has since been publishea jpeer reviewed journal. @hapter 4,
the prevalence and severity of malnutrition amdmg $tudy populatiomvere assessed.This
was to achieve the second specific objective wtrertbod consumption and nutrition
assessment was done in a cross-sectional suBrepter 5 reports on the findings of the
RCT in which the effect of the three improved coempéntary foods on growth (both linear
growth and weight gain) was assess€flapter 6 explores if enriching amaranth grain
porridge withdagaa small fish and edible termites as animal souramd$ofor enhanced
protein and minerals intake or with a multi-micrénment fortification can improve iron status
and reduce iron deficiency among 6-15 months dighits and young children. The effect of
the adequacy of iron intake was estimated and fhatiential in reducing iron deficiency
prevalence investigated. Finally, @hapter 7 the main findings and conclusions as well as

the implications for public health policy and futuresearch of this thesis are discussed.
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ABSTRACT
Background: Infant growth faltering is usually associated widm increased risk of
morbidity and mortality. It is common in resourgaited settings and constrains infants’ full
development resulting in reduced physical capaaitgd overall productivity later in life.
Major causes are inappropriate feeding practicéespaor quality complementary foods with
low energy density and micronutrients deficienaytefventions to improve the quality of
complementary foods exist like use of fortified fdde among others but with mixed
results/outcomes. Among the interventions is disouse of animal source foods (ASFs) to
improve the quality of the blends. With increasattgntion to ASFs and especially those that
are locally available, easily accessible, cheapdraxceptable in the localities, the effects of
the same on infant nutrition, growth and developmesed special attention. The impact of
incorporating indigenous nutrient rich and reldgveheap, locally available and readily
acceptable but underutilized/neglected ASFs sudddte termites andagaasmall fish and
micronutrient fortification of complementary foods growth of infants from resource
limited settings has been inadequately studied.
Objectives: To test the acceptability and efficacy of improvamplementary food blends
named WINFOOD Classic ((WFC)- with 10% edible tdesj 3%dagaa small fish and
germinated grain amaranth), WINFOOD Lite ((WFL){wigerminated grain amaranth
fortified with micronutrients at the rate of CormysBlend Plus (CSB+)) and CSB+ (Corn
and Soya fortified with micronutrients) on growtingasured as length and weight gain),
haemoglobin concentration, anaemia prevalence @mdstatus of infants 6 to 15 months
from a resource limited rural setting in Kakamega@y, Western Kenya.
Study implementation: Three-stage study comprising assessment of: 1)ptadméty of
improved-animal source foods enhanced-fortified plementary blends 2) prevalence of
malnutrition in the study population among infaBt23 months and, 3) the effect of the
complementary foods on linear growth and weighhghaemoglobin concentration, anaemia
prevalence and iron status among infants 6 -15 Insooit age in a randomized controlled trial
(RCT).
Design: The acceptability study was a cross over desigdystvith wash out periods while
the nutitional status styd prior to the intervestndy was determined using a cross section
design. The intervention study was a community-dadeuble blind randomized trial in
which infants were individually randomized at 6 rtt@of age to receive one of the three
study complementary foods: WFC, WFL and CSB+ fancéhths.
Methods: Acceptability to mothers and infants of the imprdvASFs enhanced and fortified
complementary blends WFC, WFL or CSB+ porridge pesiwas assessed prior to the
industrial production of the blends among fifty ee(57) infant-caregivers dyads.
A cross sectional anthropometric, dietary and nabitypidata among six hundred and eighteen
(618) infants and young children aged 6-23 montlis veas also collected prior to the
randomized controlled trial (RCT).
In the intervention study, Four hundred and nirgitye (499) infants were randomized to
receive WFC (n= 165), WFL (n= 167) or CSB+ (n=160m 6-15 months of age. The
primary outcome was linear growth while secondantcomes included weight gain,
haemoglobin concentration, iron status (determaeterritin and soluble transferrin receptor

XXiii



cells), reported morbidity and serum concentratibacute phase reactants. Anthropometric
measurements were taken monthly. Dietary intakenaoidbidity were determined by mother
reported monthly recall. Haemoglobin concentrationl iron status and related biomarkers
were also assessed at baseline (6 months) anderitls months).

Results: The acceptability study showed that all the thiesds (WFC, WFL and CSB+)
were acceptable to the study population with neeesky effects.

The cross section study to help interpret the tesaflthe intervention study showed that
malnutrition was highly prevalent. Despite high dsteeding rates of about 83%,
complementary feeding was introduced earlier thmommended at an average age of 3.8
(SD 0.3) months. The prevalence of stunting (Z-ssofor height-for-age [HAZ] <-2),
wasting (Z-scores for weight-for-height [WHZ] <-apd underweight (Z-scores for weight-
for-age [WAZ] <-2) was 35.7%, 4.1%, and 13.4%, extively in the study population.

The intervention study revealed a mean length fyaim 6 to 15 months of 9.5 (SD 2.4)
cm, 9.8 (SD 2.0) cm and 9.7(SD 2.2) cm for infantshe WFC, CSB+ and WFL groups
respectively (p = 0.39). The mean weight gain betw@& and 15 months was 2.0 (SD 0.8) kg,
2.2 (SD 0.7) kg and 2.2 (SD 0.7) kg for infantstire WFC, CSB+ and WFL groups
respectively (p=0.35). Infants in WFC, CSB+ and WH&d significantly higher haemoglobin
concentration (p < 0.001) at 15 months comparegthgmoglobin concentration at 6 months
[-0.3(SD1.8) g/dl, 0.6 (SD 1.6) g/dl and 0.2(SD)&l respectively].

The mean transferin receptors were significantffedent between 6 and 15 months: 1.9
(SD 5.2), -1.4 (SD 3.5) and 0.3 (SD 3.6) (mg/l) @B01) for WFC, CSB+ and WFL
respectively. The iron body stores (mg/kg bodygvg at 15 months was also significantly
different from those at six months: -2.5 (SD 4:P)7 (SD 3.8) and -1.7 (SD 4.0) (p=0.001)
for WFC, CSB+ and WFL respectively.

The daily energy intake from traditional complenzewtfoods for infants 6-8, 9-11
months and young childrenl2 months old was 1.6+0.7, 2.4+0.5 and 2.2+0.5 sly)y
respectively while the Infants 6-8, 9-11 andl2 months consumed about 60g, 142g and
1509 respectively. The daily iron, calcium and zintake from the complementary foods
was 0.4+0.2 mg, 130.0+90.0mg and 2.0+0.6 mg resdt

Throughout the 9 months study period and acrossfabd groups, the infants were
well/alert and the caregivers reported no major gpms of disease except for coughing,
audible wheezing and running nose (76.3%, 61% ah&%8 respectively) which were
significantly different across all the food groupsthe first 2 months of the study (p=0.02,
0.01 and 0.01 respectively).

Conclusion: All the foods were acceptable with no adverse éftedhe prevalence of
malnutrition in the study area was high. The comgaetary food blends had a similar effect
on infant and young children growth (weight and glén gain) but had significant
improvement in haemoglobin concentration, body stares and transferrin receptors. These
blends may therefore be used to improve the midrmi status and health of infants in
resource limited settings. More research to ingaesti the bioavailability mechanisms of the
nutrients from the edible termites is however neette help create evidence based and
enabling policy environment to support the usehefédible insects in related intervetions.
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CHAPTER ONE



1. INTRODUCTION
1.1Background

Growth retardation of infants and young childreYi@) constrains their full development
and is associated with a higher risk of morbiditg anortality (WHO, 2003; UNICEF, 2014).
The result is delayed motor development, reducedipal capacity and overall productivity
later in life (UNICEF, 2014; World Bank, 2012). Tether, Africa and Asia account for 94 %
of all underweight children below five years in d@ping countries (UNICEF, 2014). In
Kenya about 35% of children are stunted, 16 % umdight, 7% are wasted and only 32% of
children below six months are exclusively breas{teNICEF, 2014; KDHS, 2008-09).

Growth faltering is a major public health problemrésource limited settings (Shrimpton
et al., 2001; UNICEF, 2009) and rapidly accelerdietsveen 3-12 months of life (Shrimpton
et al., 2001) which coincides with the introductmincomplementary foods when breast milk
alone is insufficient to meet entire nutritionaguegrements of IYC (WHO, 2002; Dewey,
2005). Moreover, inadequate food intake and inbesti especially in situations where
nutritionally adequate complementary foods aretéahi hinders optimum feeding and growth
of IYC after 6 months of age when breastfeedingn@lbecomes inadequate (Dewey, 2005).
Multiple micronutrient deficiencies result in suchicumstances (UNICEF, 2014) since the
commonly used complementary foods often fail to thlee nutritional requirements of IYC
(Dewey, 2005). This is because the complementangdcare often plant foods with low
energy, low nutrient density and anti-nutrient fastthat limit the absorption of essential
micronutrients in addition to inappropriate compéamtary feeding practices (Gibson et al.,
1998; Lartey et al., 1999; WHO, 2003; Mamiro et 2005).

Food fortification has been used to increase migrient density. Energy density can be
improved by the addition of oil and sugar or by taduction of the amount of water added

during complementary food preparation (Dewey andwBr, 2003). According to Piwoz &
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Prebble (2000), there is little data on energy anglient intake from complementary foods
while dietary intake data can be used to deterntieelevel of nutrient addition during
fortification of complementary foods. Dietary datan also serve as the basis for the
recommendation of daily rations useful in the edocaof caregivers on sound feeding
practices to help prevent early growth falteringit(er, 2003; Owino et al., 2008). Enzymes
like a-amylase which reduce the bulk density may alsaide to increase food intake and
industrial processing techniques such as extrusmoking may be used to ensure good
hygiene (Dewey and Brown, 2003).

The most frequently used strategies to correct dwiiciencies include food fortification
in various forms and/or supplementation (WHO, 200&nd plant-breeding
techniques/biofortification (Caulfield et al., 2006The effectiveness of large-scale
fortification programs is however reduced due tstcahallenges in ensuring constant and
continuous availability, timely distribution of fidicants, and compliance with the prescribed
fortificant (Schultink and Gross, 1996; Thu et 4B99). The limitations of fortification and
supplementation for micronutrients deficiency cofi@ underline the importance of other
strategies employing the food-based approach (\2008).

The World Health Organization (WHO) (2003) recomuatense of nutritious indigenous
foods together with traditional processing techgme such as fermentation and germination
among others to yield nutrient and energy-denseptemmentary foods for IYC. Due to the
limitations of the other strategies, food basedre@ghes using indigenous, acceptable,
nutrient-rich, but neglected foods together witmgie home based processing techniques to
combat micronutrient deficiencies and improve thergy/growth of infants deserve more
attention. This is because such foods and therdfwestrategies are likely to be more
sustainable in the long run (WHO, 2008). Use oigadous foods and more so the animal

source foods (ASFs) and especially edible insakés termites combined with processing



techniques such as germination to enhance nutigikability has not been tested among the
infants mainly in resource limited settings (WH®08) though they are widely consumed in
these settings (Van Huis et al.,, 2013; Bausermaal.et2013). Moreover, the results of

various processing techniques like germination cowth and micronutrients status have
been mixed resulting in gaps such as no growtlreased iron stores and haemoglobin
concentrations and increased cognitive functiorts @rysical activity among others (WHO,

2008).

Recently in Africa, supplementation of cereals vitbally available legumes such as soy
beans, groundnuts (Martin et al., 2010), cowpeash{Mbula et al., 2011), pigeon peas
(Asma et al., 2006) and bambara nuts (Owino eR@Dy7b) among others as a protein source
has been tried with mixed results. In addition, Wdfood Programme (WFP) has promoted
corn-soy-blend plus (CSB+) and corn-soy-blend pbliss (CSB++), food supplements
utilized in management of moderate acute malnairiWWFP, 2010) with mixed results. In
Kenya, although Grillenberger et al., (2006) showat school going children consuming
diets high in ASFs grew better, studies on comptearg foods development with ASFs and
especially those of indigenous sources such adeetiiomites anddagaa small fish as
ingredients have not been reported. Existing wéskwehere have been based on the possible
use of fish (Lartey et al., 1999; Haug et al., 204hile Bwibo and Neumann (2003)
observed underutilization of ASFs in complementimyds and recommended an increase
among Kenyan children. Foods made from some ASE$detter sources of minerals such as
calcium, iron and zinc, vitamins and lipids (Laretyal., 1999; Haug et al., 2010).

According to Van Huis et al. (2013), demand forects as food and feed is increasing
due to the rising cost of animal protein. Sincedfand feed insecurity among others have led
to increasing demand for protein, alternative sohg to conventional livestock and feed

sources urgently need to be found. With the neediternatives, there has been increased



appeal for utilization of edible insects to enhariced and nutrition security in Kenya

(Ayieko et al., 2010). Utilization of edible inseclike termites in complementary feeding
may therefore be of interest. Indeed one studysbds tried the same with caterpillars in the
Democratic Republic of Congo (Bauserman et al.,320Entomophagy (the eating of

insects) contributes positively to the environmeand to health and livelihoods with an

estimated insect’s consumption as part of the ticadil diets of at least 2 billion people

(FAO, 2008; Van Huis et al., 2013). Insects sucheamites are a highly nutritious and

healthy food source with high fat, protein, vitagilore and mineral content (Kinyuru et al.,

2013; Van Huis et al., 2013; Bauserman et al., 2013

According to Abila, (2003)dagaasmall fish has been used for human consumptian as
source of protein mainly in the Lake Victoria regiand surroundings by many low and
medium income fish consumers. Although a signifigaieportion goes into making fishmeal
as most of the Nile perch is exporteldgaaremains the "staple fish" to many households.
Despite the use afagaain fishmeal industry leading to increases in iti€q it has a strong
demand with between 89-95 % of rural householdsdgoetady consumers (Abila and Jansen,
1997, Abila et al., 1998). Small quantitiesdafgaacan be bought for $ 0.1-0.3 at a time and
the fish contributes an important source of anirpadtein and mineral rich skeleton
composition is an advantage to the consumers gretidly children who are at higher risk
of malnutrition (Abila, 2003).

Amaranth, a pseudo-cereal grain, is a subtropicét-free crop originally cultivated in
ancient Mexico. The grain is a nutritionally promg choice to enrich maize porridge
usually taken by young children (Rastogi et al1D0 It contains high quality protein with
lysine and sulphur-containing amino acids normditgiting in maize and pulse crops
respectively (Escudero et al., 2004; Gorinsteialgt2003; Alvarez-Jubete et al., 2009). The

total mineral content in amaranth grain varies leemvand within species but is usually



higher than that observed in conventional grainth won being shown to be at least two
times more than in wheat (Pedersen et al., 1987).

Food interventions have thus included the use oftatelegume blends ranging from
traditional ones to the commercially and centrglipcessed ones like CSB,CSB+ and
CSB++ among others. Such foods have been modifiexigh use of various strategies as
germination, soaking, fermentation, extrusion cogketc and addition of animal source
foods such as meat, milk among others. Despitenitreasing interest in entomophagy and
the clear advantages both nutritional and otherwise ofdagaaand edible termites has not
been explored in IYC feeding and thus dearth oé dett the likely benefits of using them for
infants foods despite the wide consumption. Thisdgttherefore aimed to assess the
acceptability and efficacy of improved complemeytaods processed centrally by extrusion
cooking, using edible termitesMécrotermes subhylanysand dagaa small fish
(Rastreneobola argenteavhich are locally available, already acceptabid anicronutrient
rich but neglected/underutilized ASFs together wggélnminated grain amarantArfaranthus
cruentu3 and maize 4ea mayp on growth ( primarily linear), haemoglobin cont@tion

and iron status compared to standard CSB+ in Kehy@r6-15 months.

1.2Rationale

There has been little success in the efforts towigeosafe and nutritionally adequate
complementary foods in many developing countriesH@®Y 2003). This is despite the fact
that complementary feeding determines a child’smjnoand survival with implications on
work capacity in later life (WHO, 2003). Poor gialicomplementary foods due to high
dietary bulk, low energy and nutrient density ceadplvith inappropriate feeding practices
and poor hygiene are among the major causes ofutnigilon in I'YC (WHO, 2003) leading to
a great risk of nutritional deficiencies during thecond half of infancy (Pelto et al., 2003;

Shrimpton et al., 2001). Food selection and prejmargractices which affect food safety,

6



nutrient density and feeding practices and matechakracteristics such as education, and
socio-economic status are known as integral commsnef care-giving in relation to
nutrition of I'YC (Pelto et al.2003). Provision of safe and appropriate compleargrfoods
processed using indigenous nutrient-rich foodstiitise been emphasized (WHO, 2002)
however, the availability of high-quality; low-co$trtified complementary foods on the
commercial market are still low in the developingrd (Lutter, 2003). The success in
combating micronutrient deficiencies like for irtimough complementary food fortification
and addition of ASFs (especially milk) in induslidzad countries (Darton-Hill, 1998; ILSI,
2003) may be applied in resource limited settingh welevant modifications to suit specific
population needs (Bauserman et al., 2013). The nf®d nutritionally adequate
complementary foods is especially relevant in cimstances where the HIV prevalence is
high since HIV exposed infants often have lowethbiveights and are more prone to growth
faltering (Miller et al., 1993). Further, knowindat HIV-1 can be transmitted through
breastfeeding might result in decreased initiabomuration of breastfeeding (Owino et al.,
2007a; Mutie-Macharia et al., 2012). The dilemmaHd¥ and breastfeeding thus pose a
challenge to address the needs of children beybadperiod of exclusive breastfeeding
through the development of improved complementargeplacement foods and adoption of
better feeding practices (Piwoz et al., 2003; Ovénal., 2007hb).

It has been shown that it is difficult to meet thecronutrient needs for example iron in
infants beyond 6 months of age, especially nondtr@g#ants, without food fortification
(Dewey et al., 2004; Ruel et al., 2004;Hurrell, 2P0This justifies the need to explore the
production of multi-micronutrient fortified complemtary foods based on locally produced
and widely used foods stuffs such as grain amaranthmaize. Evaluating complementary
foods for acceptability is useful in their optimimam before they are introduced for

intervention programmes (Mensa-Wilmot et al., 200The quality of cereal-based



complementary foods may be improved to ensure hgg{®ewey and Brown, 2003) and to
enhance nutrient density and especially if cemntrpliocessed. A study from Bangladesh
(Kimmons et al, 2004) found that although greateakes of complementary foods were
associated with higher total energy intake, mictoant intake was inadequate due the low
micronutrient density of the complementary foodsstomed. Multi-micronutrient fortified,
nutrient-dense complementary foods may partiallgpldice less nutritious traditional
complementary foods resulting in increased enengyrautrient intake. It is thus important to
accurately measure the amounts of complementarysfeonsumed by IYC (Haisma et al,
2004).

WHO recommends use of indigenous foodstuffs in dempntary feeding. Western
Kenya has diverse indigenous plant and animal fodidsamong them the edible termites
and dagaawhich are nutrient rich. The ASFs have high mineahtent; the minerals are
more bioavailable and have been found to improweNailability of minerals in plant
foodstuffs (Bauserman et al., 2013). They are atsoin proteins of high quality and coupled
with appropriate indigenous processing techniquék reduce anti-nutrients thus further
improve mineral bioavailability. The foodstuffs atalturally acceptable and affordable in
Western Kenya and acceptability of the foods igllikko be high. This is relevant for the
current study, where ingredients that are not comynosed such as edible termitélagaa
and vitamin-mineral fortificants, were used to nfpdhe foods. There is urgency and an
opportunity to explore the possibility to producetrient adequate complementary foods
based on locally available but neglected plant A8&s (Bauserman et al., 2013). The study
thus gives an opportunity to test the effect of idigenous ASFs on linear growth and
micronutrient status as only few other studies hdwee this before with mixed results

(Lartey et al., 1999; Faber et al., 2005; Bauseratal., 2013).



1.3 Objectives

1.3.1 Overall objective

1. The main objective of the study was to comparafivedsess the impact of three
improved complementary foods namely, 1) maize-geateid grain amaranth-edible
termite-fish complementary food naturally enricheith iron and zinc (WINFOOD
Classic-(WFC)), 2) multi-micronutrient (with vitams and minerals) fortified maize-
germinated grain amaranth complementary food (WINEOLite-(WFL)) and 3)
multi-micronutrient fortified corn soy blend plu€$B+) on linear growth (stunting),

iron status of Kenyan infants 6-15 months.

1.3.2 Specific objectives

1. To determine the prevalence and severity of matmnir among the study

population prior to the randomized controlled t(RCT).

2. To assess the acceptability of the improved comeigary foods (WFC and

WFL) and CSB+ among the study population prioti® RCT.

3. To assess the effect of the improved complemeniaogs (WFC and WFL)
compared to CSB+ on linear growth (stunting) andybmass accrual (weight

gain) of infants 6-15 months old.

4. To assess the effects of the improved complemeritogs (WFC and WFL)
compared to CSB+ on iron status and anaemia pms@lamong infants 6-15

months old.



1.3.3 Hypotheses

1.3.3.1Primary hypothesis

1. Infants 6-15 months consuming the improved compiaarg foods (WFC and WFL)

have greater linear growth than those consuming#CSB

1.3.3.2Secondary hypotheses
1. The acceptability of the three intervention foods similar and high among the study
population.
2. Infants 6-15 months consuming the improved comptearg foods (WFC and WFL)
will have higher weight gain compared to those comsg CSB+ .
3. Infants 6-15 months consuming the improved comptearg foods (WFC and WFL)
will have higher haemoglobin concentration, higeerum ferritin and lower serum

transferrin receptors levels compared to thoseuwoigy CSB+.
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2. LITERATURE REVIEW
2.1 Growth retardation and complementary feeding

Growth faltering evidenced by increased stuntiranfrbirth together with underweight
and wasting from 3 months of age, persisting foleast the first 18-24 months of life
(Shrimpton et al., 2001), is a public health prablen developing countries (WHO, 2008;
WHO, 2012). Growth faltering rapidly acceleratesAmen 6-12 months of life (Shrimpton et
al, 2001) when breast milk alone is inadequate @etrentire nutritional requirements of IYC
and complementary foods are introduced (Gibson. e1998; WHO, 2002). Evidence show
that exposure to undernutrition and the likelyveesible consequences of the same during
the foetal and early life period coinciding withetfirst 1000 days provide the “window of
opportunity” to optimally prevent undernutrition (O, 2008; UNICEF, 2014).

Complementary foods also called breast milk supplem are defined as any food,
whether manufactured or locally prepared, suitaidea complement to breast milk or to
infant formula, when either becomes insufficiens&tisfy the nutritional requirements of the
IYC (WHO, 2008). In resource limited settings, cdempentary foods often fail to meet the
nutritional requirements of IYC (Owino et al., 2@)7because the foods are mostly plant
based, have low energy and nutrient density anthgoimhibitory ligands such as phytates
that limit the absorption of essential micronuttgesuch as iron and zinc (Gibson et al., 1998;
Hurell et al., 2007). The problem is particularBrisus for infants who may not breastfeed
for various reasons including maternal HIV-infeatialeath or severe iliness of the mother or
lack of the desire for the mother to breastfeedw@®e et al., 2004) and micronutrient
deficiencies are likely to occur in these circumsts (Dewey, 2000; Zimmerman and
Hurell, 2007).

According to WHO (2003), exclusive breastfeedingamethat an infant receives only

breastmilk with no additional foods or liquids, neten water. The benefits of exclusive
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breastfeeding on child survival, growth, and depeient are well documented. Exclusive
breastfeeding also provides health benefits forherst For instance, WHO (2003) reports
that exclusive breastfeeding is the single mostotitfe intervention for preventing child
deaths. Diarrhea and pneumonia are the leadingesaideath among infants in developing
countries and infants under 2 months old who atebreastfed are six times more likely to
die from diarrhea or acute respiratory infectiamant those who are breastfed (Arifeen et al.,
2001; WHO. 2003). Approximately 1.3 million deatheuld be prevented each year if
exclusive breastfeeding rates increased to 90 pefdeifeen et al., 2001). Breastfeeding
also protects against illness especially the calosd which contain anti-bacterial and anti-
viral agents and high levels of vitamin A that pitinfants against disease and promotes
recovery of the sick child as it provides a nuts, easily digestible food when a sick child
loses his or her appetite for other foods (Chisertga., 2005; Brown et al., 1989; Arifeen et
al., 2001).

Continued breastfeeding during diarrhea reducegdtation, the severity and duration of
diarrhea, and the risk of malnutrition (Arifeen at, 2001). Moreover, breastsmilk also
impacts on child nutrition and development by pdawj total food security since breastmilk
is a hygienic source of food with the right amowoiitenergy, protein, fat, vitamins, other
nutrients and water for infants in the first sixmtits and is the only safe and reliable source
of food for infants in an emergency (Brown et 4B89). Offering water before 6 months of
age reduces breastmilk intake, interferes with &ldsorption of breastmilk nutrients, and
increases the risk of illness from contaminatedewand feeding bottles. Finally, infants fed
breastmilk show higher developmental scores asléogldnd higher IQs as children than
those who are not fed breastmilk (Brown et al.,%9ifeen et al., 2001). To the mothers,
breastfeeding reduces the mother's risk of fatatgastum hemorrhage and premenopausal

breast and ovarian cancer (Chisenga et al., 20®@®Qquent and exclusive breastfeeding
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contributes to a delay in the return of fertilitydahelps protect women against anemia by
conserving iron (Arifeen et al., 2001). Breastfegdialso provides frequent interaction
between mother and infant, fostering emotional Bpadsense of security, and stimulus to the
baby’s developing brain (Chisenga et al., 2005vBret al., 1989; Arifeen et al., 2001)

Use of indigenous foodstuffs and industrial prooesgrocedures (WHO, 2002; Dewey
and Brown, 2003) for the improvement of the quabifycomplementary foods has been
proposed. Food fortification may be used to inceeagcronutrient density while addition of
oil and sugar or reducing the amount of water adilethg complementary food preparation
may improve energy density (Dewey and Brown, 20@8&ernatively, enzymes such as
amylase which break down starch thus enabling ttditian of more dry flour per unit
amount of water may be used to increase food in{dMaursi et al., 2003; Owino et al.,
2007b). Industrial processing techniques such &sig&n cooking can also be used ensure
good hygiene (Dewey and Brown, 2003).

Previous studies assessing the effect of improwedpéementary foods on growth and
micronutrient status carried out among IYC in reseulimited settings have had mixed
results thus further work being recommended (Dew&f0)0; Dewey and Brown, 2003;
Bauserman et al., 2013). Deficiencies of essevitianins and minerals for optimal functions
of the human body are severe and widespread in mpantg of the world causing an
immeasurable burden on individuals, health seryiedscation systems and families caring
for disabled children (UNICEF, 2009; UNICEF, 201#pn deficiency is common in both
developing and developed countries (Hascke, 199@)aay affect a much larger proportion
of the population than those with clinical symptofivgberly et al., 1998). The World Bank
(2004) observed that countries whose populatioffersirom micronutrient deficiencies (as
high as 40% for iron) encounter economic lossesigh as 5% of the Gross Domestic

Product while the solutions to control and prevertronutrient deficiencies are available
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and affordable. Nationally, micronutrient malnutit can be addressed by implementing
programmes designed to educate people to divetssfy diets (where appropriate foods are
available), or by fortifying commonly eaten foodstlwthe missing micronutrients or
providing nutrient supplements through targetedrithistion programmes (Ruel et al., 2004;
WHO, 2005). Deficiencies of iron, iodine and vitar are the biggest concern among the
most vulnerable populations while others like zimalcium, thiamine, riboflavin and
pyridoxine have also been identified as problenrients for IYC beyond 6 months in
developing countries (Dewey and Brown, 2003; Owata@l., 2008). A multi-micronutrient
intervention through supplementation, fortification diet diversification has been stressed
since micronutrient deficiencies occur togetherpeeglly in settings where diets are
deficient in several nutrients (Piwoz and PrebB@)O; Lutter and Dewey, 2003; Owino et
al., 2008).

Low-quality complementary foods combined with inegiate feeding practices put
under-twos in developing countries at high riskdodernutrition and its associated outcomes
(Pelto et al., 2003; WHO, 2003; UNICEF, 2009). @fteomplementary foods are introduced
too soon or too late and the frequency and amduittoal offered may be less than required
for normal child growth or their consistency or memt density may be inappropriate in
relation to the child's needs (UNICEF, 2009; Owigbal., 2008). Even with optimum
breastfeeding children will become stunted if thdgy not receive sufficient quantities of
quality complementary foods after six months of §g§brimpton et al., 2001). Quantity is
equally of concern in infant feeding with most dnén only fed 2 or 3 times a day in
Tanzania (Mamiro et al., 2004). Elsewhere, excrisiveastfeeding was predominant for the
first 6 weeks of life in South Africa after whichixad feeding was predominantly practiced
through to 6 months (Faber et al., 2005) while aut8 America 12% of infants aged one

month were exclusively breastfed (Marquis et &®97 Pelto et al., 2003; Lindsay et al.,
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2008). In Kenya, less than 32% of infants agednsonths are exclusively breastfed and
fluids other than breastmilk are introduced beféranonths doubling the prevalence of
diarrhoea (UNICEF, 2014). Provision of safe and rappate complementary foods
processed from indigenous nutrient-rich foods isstieurrently emphasized (WHO, 2008)
with the common forms of processed complementaogddoeing semi-solid gruels (Pelto et
al.,, 2003). An estimated 6% under-five deaths canpbevented by ensuring optimal
complementary feeding (UNICEF, 2014). To ensurédigutrient density therefore; often a
major problem in complementary foods among othdifferent strategies either singly or in
combination have been proposed. These include gation, soaking, fermentation,
mechanical processing, incorporation of ASFs armbmbination of the named strategies

depending on the contextual settings.

2.2Moderate Acute Malnutrition in children
The WHO (2008) defines Moderate Acute MalnutritidAM) as a weight-for-age
between -3 and -2 Z the median of the WHO Childv@hoStandards (2006) which can be
due to wasting or stunting or to a combination athb The ideal nutritional characteristics of
foods to treat children with MAM in resource limitsettings are not fully known (Golden,
2009; Michaelsen et al., 2009) and the WHO (2012 tssued recommendations on the
nutritional composition of foods to rehabilitateildren with MAM. These range from
blended flours and lipid-based nutritional supplatee(LNS) designed to provide large
guantities of protein and energy, to multi-microrent powders or tablets designed to
provide only some micronutrients. Key is that tlenposition of all food supplements given
to MAM children should be examined along with thaility to provide the specific nutrients
needed by MAM children and their ability to supplye nutrients missing in the family diet

(Michaelsen et al., 2009).

16



2.3 Prevalence, causes and consequences of MAM

MAM affects around 10% (40 to 55 million) of chi&lr under five years in resource
limited settings (Kerac, 2011). Although there igaaiation in the prevalence on a regional
basis within the same countries with South-Cerfisad estimated to have the highest point
prevalence (19%) and the highest absolute numbaifedted children at 30 million children
(WHO, 2013). A prevalence rate above 15% has beeorded in several countries in East,
Central, and West Africa, and rates of over 10%rap®rted in some countries in the Middle
East (WHO, 2013). Time trends in the prevalencé& have shown improvements in
some regions of the world, notably Latin Americanfa, 2010; Stevens, 2012), while in
many other countries the prevalence still remamecaeptably high including Kenya (WHO
2013).

MAM is caused by poor nutritional quality of foodsfections, inadequate intake among
others and strongly impacts on child mortality andrbidity. Children with MAM have an
estimated three- to four-fold increased risk of rallemortality compared to well-nourished
children (Caulfield, 2004; Black, 2008). Cause-sfieanortality risk in resource limited
settings for children with MAM is increased for corn infections such as pneumonia
(Black, 2008) and if not adequately supported;drkih with MAM can rapidly progress
towards SAM, a life-threatening condition (Garen2@09). About 14% child deaths per year
are attributable to acute malnutrition with 10.2%edo MAM (Pelletier, 1995; Black, 2008).
In terms of disease-adjusted life years (DALYs)MsAnd MAM together account for 14.8%
of the total DALYs in children under five years afe (World Bank, 2006). Poor quality
protein and micronutrient deficiency and particiylaon contribute enormously to the extent
of MAM observed in the resource limited settingsisifor this reason that the current study
set out to investigate the highlighted ASFs witlesal reference to their protein and iron

content in addressing MAM.
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2.4 Food based approaches to solve MAM

Currently, most food supplements given to MAM cleld are processed cereal-based
foods for IYC. The Standard for formulated food glgmnent refers to "foods that provide
those nutrients which either are lacking or ares@né in insufficient quantities in the basic
staple foods" and may be more suitable than cé@sgd foods for improving the diet of
MAM children who usually have an excess of ceradheir diets (WHO, 2008). Family diets
complying with current nutritional recommendatioase often costly to many families
(WHO, 2008) thus the justification to use a blemdnf locally available, acceptable and

nutritious but neglected indigenous edible termm@éaddagaato manage MAM.

2.4.1 Thegrain amaranth
Amaranth, a pseudo-cereal, is a subtropical glémes-crop originally cultivated in

ancient Mexico. Amaranth grain is a nutritionallppmising choice to enrich maize porridge
usually taken by young children (Rastogi et al110 Amaranth grain is rich in high quality
protein with lysine and sulphur-containing aminadacwhich are normally limiting in maize
and pulse crops respectively (Escudero et al., 2604instein et al., 2003; Alvarez-Jubete et
al., 2009). The total mineral content in amaramtirgvaries between and within species but
is usually higher than that observed in conventigmains with iron being shown to be at
least two times more than in wheat (Pedersen e1@87). Amaranth grain grown in Kenya
has been found to have a phytate content of 7.9engl00g, with much lower levels that
could not be detected after germination (Okothl.e2811). Levels of phytic acid have been
found to be lower than that of corn and wheat bgiér than that of rice and millet (Lorenz
and Wright, 1984). Amaranth graidraranthus cruentysalso contains polyphenols [for
example, tannin content of 0.8% catechin equivalg@koth et al., 2011)] which are
important as dietary anti-oxidants and their contexs been found to be lower than those in

sorghum and millet and other pseudo-cereals suchuema (Lorenz and Wright, 1984,
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Escudero et al., 2011; $k@ et al., 2008)Amaranthus cruentuspecies has been shown to
give high yields in arid and semi-arid areas theieding suggested as a crop with a potential
to extend arable marginal lands in stressful emvirents (Schahbazian et al., 2006).

2.5 Strategies to enhance the quality of complementarfpods
251 Germination

Germination increases endogenous phytase activitgieals througbde novosynthesis,
activation of intrinsic phytase, or both. Germipatihas a reducing effect of phytic acid on
amaranth grain (Colmenares and Bressani, 1990;dEgll., 2002) thus a mixture of cereal
flours prepared from germinated and ungerminatectate will reduce phytates when
prepared as porridge for IYC feeding (Sharma angoda 1996). The rate of phytate
hydrolysis varies with the species and variety adl s the stage of germination, pH,
moisture content, temperature (optimum 4557 solubility of phytate, and the presence of
certain inhibitors (Egli et al., 2002). Lower intmdiphosphates have less binding capacity and
have little influence on mineral bioavailability mumans. This degradation of phytic acid
increases absorption of both iron (Hurrell et &92; Davidsson et al., 1994; Sandberg et al.,
1999) and zinc (Egli et al., 2004).

Certain tannins and other polyphenols in legumesrad sorghum may also be reduced
during germination due to formation of polyphenoiplexes with proteins and the gradual
degradation of oligosaccharides (Camacho et a@2)19The alpha-amylase activity is also
increased during germination of cereals, especiabyghum and millet resulting into
Amylase Rich Flours (ARF). Alpha amylase hydrolyzgarch to dextrins and maltose
reducing the viscosity of cereal porridge while sitaneously enhancing the energy and
nutrient densities of the porridge (Besten et H98) resulting in improved child growth

(Haug et al., 2010). Several factors limit use d@FAcomplementary foods such as long
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preparation time, cultural obstacles linked to htigrocessing and high risk of toxicity from

hydrocyanide (in sorghum) and aflatoxins (Browlgt1998).

2.5.2 Soaking

Soaking has been an indigenous technique pradtickdnya especially for cereal grains
before cooking. It softens the grains making themokcfaster among other advantages.
Soaking cereals and legumes in water can resupassive diffusion of water-soluble
phytates, which can then be removed by decantiagviiter (Hortz and Gibson, 2007). The
extent of the phytate reduction depends on theispepH, and length and conditions of
soaking (Hortz and Gibson, 2007). Some polypheamld oxalates that inhibit iron and
calcium absorption, respectively, may also be hyssoaking (Erdman and Pneros-Schneier,
1994). Soaking under optimal conditions (about d2rh at 30C) also activates naturally
occurring phytases in cereals and results in vgrgiegrees of phytate hydrolysis, depending

on the kind of cereals (Lindsay and Ahluwalia, 1997

2.5.3 Fermentation

Fermentation is an age old practice in Kenya arsgvehere. Fermentation induces
phytate hydrolysis via the action of microbial pmsé enzymes, which hydrolyze phytate to
lower inositol phosphates which do not inhibit nente iron absorption (Sandberg et al.,
1999; Hurrell, 2004). Microbial phytases originai¢her from the microflora on the surface
of cereals and legumes or from a starter cultuoeutate (Sandberg and Svanberg, 1991).
The extent of the reduction in higher inositol pbiuste levels during fermentation varies;
sometimes>90% of phytate can be removed by fermentation ofiesgereals and legumes
(Hurrell, 2007). In cereals with a high tannin camit(e.g. red sorghum), phytase activity is
inhibited, making fermentation a less-effective faltg-reducing method for these cereal

varieties (Sandberg and Svanberg, 19%Iplonged fermentation (48 hours at°@p of
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whole meal wheat bread increases the absorptimommseven-fold (Lindsay and Ahluwalia,
1997). Additionally, lactic acid fermentation inkt& gram negative pathogenic bacteria as
well as gram positive bacteria (Svanberg et al92)&nd subsequently less spoilage during
storage. Fermentation also increases the amowmateir soluble vitamins such as riboflavin,
improves protein digestibility in high tannin celseauch as brown sorghum (Lorri, 1993) and

improves zinc bioavailability (Sandberg, 1991).

2.5.4 Mechanical processing

Mechanical processing such as household poundingrefal grains have been practiced
in Kenya. It is used to remove the bran and/or g&om cereals, which in turn may also
reduce their phytate content when it is localizethie outer aleurone layer (e.g. sorghum) or
in the germ (e.g. maize) (Nout and Ngoddy, 198/8nce, bioavailability of minerals may be
enhanced, although the content of minerals and sotamins of these pounded cereals are
simultaneously reduced. Household mechanical psaogsnay only be possible for large
seeds such as maize but may be cumbersome for seeals like amaranth grains or millet
making it less viable in some settings.

Extrusion cooking has also been used in developmgtries since 1950s to process
cereal-soy blends such as Pronutro (South Afrieajfa (Ethiopia), and Multipurpose Food
(India) among others (WHO, 2002). During extrusibae uncooked food material is fed into
the extruder and subjected to intense mechaniaarshworked into viscous, plastic like
dough and cooked before being forced through atdi&0 - 18FC and up to 25 MPa for 60
—120 seconds at a moisture content of about 20% QWRDO02). Beneficial effects of
extrusion cooking include improvement in proteimgetditibility and the bioavailability of
sulphur-amino acids (WHO, 2002), reductions in wikal count, improved palatability and
texture and enhanced starch digestibility (Owinoakt 2007b). Extrusion cooking may

reduce dietary bulk possibly due to thermal hydsigyof starch and moisture content
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reduction and might also be used to eliminate duce anti-nutrients that occur in foods
(Alonso et al., 2000). It also reduces cooking tidueing food preparation (Malleshi et al.,
1996) and may also result in lower levels of aftaie in complementary foods (Treche &

Mbome, 1999; Moraru and Lokini, 2003).

2.5.5 Addition of animal source foods

Iron bioavailability is higher from ASFs than frgotant foods (Lartey et al., 1999; Allen,
2003; Hurrell et al., 2006). The “meat factor” i®tight to be within the protein fraction of
muscle tissue with a possibility of involvement other components such as cysteine-
containing peptides (Hurrell et al., 2006). Myofilar proteins in meat are digested
extensively by pepsin in the stomach and thus cbinld iron and prevent its precipitation at
the higher pH of the duodenum, supporting absanptid iron (Hurrell and Egli, 2010).
Addition of even a small amount of ASFs is anotkeategy to improve the content and
bioavailability of micronutrients in plant-basecetsi and fish has been used in development
of complementary foods leading to enhanced iromc zand calcium content and
bioavailability (Mosha and Bennink, 2005; Haug ét &010). Inclusion of red meat
significantly increase non-heme iron bioavailapiiih plant based foods (Davidsson, 2003;
Sorensen et al., 2007) with reported negative @ssmes between the avoidance of ASFs
and mineral deficiency in IYC from developed coiggr(Black et al., 2002; Dagnelie et al.,
1994). According to Kinyuru et al., (2009) and Axaeet al., (2010), it is possible to develop
commercial products from edible insects in Kenyathwhigh nutrient content and
acceptability among consumers. The same has beerted in the Democratic Republic of
Congo with caterpillars for complementary foodselepment (Bauserman et al., 2013).

Edible insects have been scientifically discussedesat least 1885 by V. M. Holt in his
book "Why not eat insects"? (Morris, 2008). Empimagy however picked up between 1970

and 1999 when DeFoliart and others (Meyer-Rochd@®v31 Posey, 1979; DeFoliart, 1975;

22



DeFoliart, 1989 and 1992; De Conconi et al. 1984mBs-Elorduy, 1997) aimed to

popularise the eating of insects and to investigjaeplace of insects in human nutrition. In
1951, Bodenheimer detailed reasons why entomopisalggneficial to the environment and
human populations. Recently, the focus has shittedthe environmental benefits of

entomophagy using various strategies (DeFolia@71&hd 1999; Ramos-Elorduy, 2006; Van
Huis et al., 2013). De Conconi et al., (1984) asatly the protein content of 101 insect
species and concluded that their amino acid psoftempared favourably with those
recommended by the FAO (1981). Edible insect rete#& now well-established on all

continents and particularly in countries such adidn(Chakravorty et al., 2011), Japan
(Nonaka, 2010), Thailand (Yhoung-Aree and Vitwaipan2005), Australia (Yen, 2012),

Nigeria (Banjo et al. 2006), South Africa (Teffoat, 2007; Dzerefos et al., 2009), Kenya
(Ayieko et al., 2010; Kinyuru et al., 2013) and thetherlands (Vogel, 2010).

In countries where edible insects are traditignatinsumed, focus is on documenting the
indigenous knowledge around the insects, identifythe species used and developing
databases (FAO, 2012). In more industrialised a@s)tthe focus is on developing insect
products to enhance the palatability of insectginoto encourage consumption (Van Huis et
al., 2010 and 2013; Gracer, 2010) and use as asaofiincome (DeFoliart, 1999). All over
the world , there is a lucrative trade in insettsttare preserved or fresh and sold to the
general public in supermarkets, open air marketsrastaurants (Nonaka, 2010; Chen et al.,
1998; van der Waal, 1999; Makhado et al., 2009eRwiet al., 2010).

Insects as food and feed are gaining attentiontdudée rising cost of animal protein,
food and feed insecurity, environmental pressysepulation growth and increasing demand
for protein among the middle classes (Van Huislet2813). Thus, alternative solutions to
conventional livestock and feed sources urgentlgdneg be found. Globally, the most

commonly consumed insects are beetles (Coleopt¥@-and caterpillars (Lepidoptera-
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18%) with termites(Isoptera) constituting only 3®Rufmpold and Schliter, 2013). Insect
consumption is thus worldwide and is practised Ity by about 2 billion people (FAO,
2012; Van Huis et al., 2013) with more than 1,90@uimented edible insect species mostly
in tropical countries (Halloran et al., 2014).

Insects are a highly nutritious and healthy foodrse with high fat, protein, vitamin,
fibre and mineral content comparing well with otli@ms of protein such as beef, fish and
poultry (Dufour, 1987; Gullan and Cranston, 2000)e nutritional value of edible insects is
however highly variable because of the wide ranfyjspecies thus even within the same
group of species, nutritional value may differ degieg on the metamorphic stage of the
insect, the habitat in which it lives, and its dfgtan Huis et al., 2013). For example, the
composition of unsaturated omega-3 and six fattgsamm mealworms is comparable with
that in fish (and higher than in cattle and pigs)d the protein and micronutrients content of
mealworms is similar to that in fish and meat (Mduis et al., 2013). Entomophagy can
therefore be promoted for health as alternativemammstream staples such as chicken, beef
and even fish. There is also a relatively smallle@gioal footprint of farming insects
compared with farming conventional livestock erggreenhouse gas emissions (Oonincx et
al., 2010; Oonincx and de Boer, 2012). For liveditis, insect harvesting/rearing is a low-
tech, low-capital investment option that offersrgrdgven to the poor of society while as a
minilivestock offer livelihood opportunities for ttourban and rural people (Oonincx et al.,
2010; Halloran et al., 2014).

Abila et al. (2003) report thatagaahas mainly been used for human consumption as a
source of protein, especially to many low and mexdincome fish consumers in Kenya. With
most of the Nile perch going for expodagaaremains the "staple fish" to many households
around Lake Victoria and for a long time, its prizas been low (LVEMP, 2005). However,

of late the price of driedlagaagoing for human consumption has risen considerally
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aresult of increased pressure due to fishmeal riastduying this fish (Abila et al., 2003).
Despite the use oflagaa in fishmeal industry leading to increases in itscgy it has
continued to have a strong demand in many comnasnétfound Lake Victoria with 89-95%
of rural households being ready consumers (Abild dansen, 1997, Abila et al., 1998).
Many relatively poor consumers bulagaafor only Ksh 10-20 ($ 0.1-0.3) at a time as a
source of animal protein in their diet (Abila, 200Bs high protein content and the mineral
rich skeleton composition is an advantage to thesgmers, especially to children threatened
with malnutrition (Abila, 2003). Use of such nuwits indigenous ASFs as edible termites
and dagaais therefore an option that should be investigaasdan effective means of

delivering micronutrients and thus the justificatfor this study.

2.5.6 Combined strategies

The discussions above reveal that an integratetbapp that combines a variety of the
strategies is likely to be superior. For instartcaditional food-processing and preparation
practices including the addition of even a smalbant of ASFs, is probably the best strategy
to improve the content and bioavailability of micutrients (Gibson et al., 2003). This is
more so in plant-based diets in resource-limitdtinges and depending on applicability of the
strategies or a combination thereof. Use of suatbmbination of strategies can almost
completely remove phytate. This is important beeguisytic acid is a potent inhibitor of iron
absorption, even at low concentrations (HurrellD480 Moreover, despite the promotion of
household-level food processing and other fooddbasteategies to improve nutritional
adequacy, there has been little effort to assessithpact in well-designed trials (Hotz and
Gibson, 2007). Further studies of the efficacyhefse strategies to determine their impact on

nutritional status is needed thus further justifyihe current study.
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2.6Food supplement intervention to manage MAM

The immediate expected benefit of an adequate $opglement in a child with MAM is
rapid improvement in nutritional status, and preien of further deterioration. Different
types of foods may provide a different benefit lobbsa the nutritional adequacy of the food,
its level of acceptability for children and famgieand other factors. A possible side effect of
food supplements in children with MAM, especiallgid rich foods is rapid weight gain,
recognised as a risk factor for adult adiposityesity, and metabolic syndrome (Uauy, 2002;
Ekelund, 2006; Gordon-Larsen, 2012; Adair, 2013)ilevinomemade foods because of
hygiene, may lead to diarrhoea. At a populatiorellestrategies with great investment in
externally provided supplementary foods can crektpendence on external donors thus
unsustainable. Sustainability of local strategiei therefore be key and feasibility of
different options, such as locally produced foodd ¢he integration of food strategies into

complex intervention packages as in the curremtystue likely to give better results.

2.6.1 The Role of Animal Source Foods (ASFs) in | YC Nutrition

Limited availability, access and intake of ASFsé@source limited settings are common
with the intake of meat protein providing only 15fodietary protein compared with 60% in
developed countries (Higgs & Pratt, 1998). ASFs amtrient dense foods that provide
protein of high biological value, energy, fat amd kkely to be the only unfortified foods that
can provide enough calcium, iron, and zinc for TM@@HO, 2004). They are more energy
dense than plant foods, as well as a good sourdat aluble vitamins and essential fatty
acids (WHO, 2008). Moreover, Vitamin B12 requiretsemust be met by ASFs because
there is none in plants. The bioavailability of routrients is generally higher from ASFs
than from plant foods (Baech et al., 2003) with @b#@P6 of the iron in meat being haem
iron, of which 15-35% is absorbed, whereas the m@t®m of non-haem iron from plant

foods is estimated at only 2-20% depending on theumt of enhancers and inhibitors in the
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diet and individual’s iron status (Dwyer, 1991).eTlow bioavailability of micronutrients
from plant sources can be increased through smaduats of ASFs even in the presence of
dietary inhibitors (Hallberg & Hulthén, 2000). Stesl have shown negative associations
between the avoidance of ASFs and the health d¢dreim in developed countries (Black et
al., 2002; O’Connell et al., 1989) while some crssstional studies have observed improved
nutritional status and growth among children consgmASFs in developing countries
(Neumann and Bwibo 1987; Allen et al.,, 1992; CaHgwet al., 1992). Controlled
supplementation studies with ASFs other than mikk scarce, especially of nutritious but
neglected sources; a trial in which dry fish powdess added to fermented maize porridge,
did not improve growth or micronutrient status dfigBaian children (Lartey et al., 1999).
According to Dror and Allen (2011), dietary divéisation and modification strategies have
attempted to increase consumption of ASFs.

Gibson et al., (2003) in a 12-month interventiorsigeed to increase intake of ASFs
(dried fish with bones) and reduce dietary phymt®alawian children aged 2.5 to 7.5 years
reported significantly improved z-scores for migeap-arm circumference and arm muscle
area. There was no effect on weight or height gampared with controls. The authors
hypothesized that lack of ponderal or linear groetiange in the intervention group may
have been due to the insufficient duration of titerivention, the age range of the children, or
intergenerational effects of malnutrition. Howewe intervention reduced the prevalence of
inadequate intakes of vitamin B12, calcium and datable zinc. Additionally, mean
haemoglobin was significantly higher and the inoike of anaemia was lower in the
intervention group than in the control group.

A community-based, randomized behavioural and gidgtgervention trial conducted in
Peruvian adolescent girls encouraged ASF intaké wie goal of improving iron status.

Heme iron and ascorbic intakes increased signifigan the intervention group. Although
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the intervention was not sufficient to improve hagtobin or iron status, it prevented the fall
in these indicators observed in the control grateéd-Kanashiro et al, 2000).

Given that edible insects have been shown to haye duality proteins, minerals and
even polyunsaturated fatty acids among other migi@/an Huis et al., 2013; Rumpold and
Schliter, 2013; Kinyuru et al.,, 2013), the posgipilof incorporating the same in
complementary foods for IYC will be of interest.i$hs particularly due to the increasing
interest on the insects as alternative ASFs anécgdfy in settings with high levels of
undernutrition.Table 2-1show the composition of 5 edible insect speciesles 2-2 and 2-3
show the proximate and mineral composition respelgtiof the edible winged termites in

Western Kenya.

28



Table 2-1: Nutrient, fatty acid, mineral, and vitamin composition offive edible insect species (based on dry matter).Adapol from Rumpold and Schliter, 2013

(based on dry matter)

Coleoptera
[besties]

Lepido ptara
[buttertlies, moths])

Orthoptera

[crickets, grasshoppers, locusts])

FRhynchophoms phoenicis

[larvas]) I

Bombooy mon
(pupae]®""

TOrina forda Westwoood

(larvae) s

Acheta domesticas
{adults) 151

Ruzpolia diffrens
[ browen; adualt) s

P Erde el conmposi o

Protein [X] 103341689 G4 TO-5E 00 20 207435 B4 IE-TOTS A 30
Fat |3} 19 5059 78 F0. 1035 .00 5251430 18552280 G20
Fibre |%=] ZEI-TE 14 200 1200 40 4 90
MFE [X] S_E0—EE 60 100 Z2I3I6 6660 260

Ash [ZX] 2. 54570 4.00—-860 1L.50-1 1.51 I 57510 260
Enerey | kidke] 20 0382006063 23IZIGTA 15,030 )61 19,057.69

& ety ocids

Palmitic acd [(C16:{0) 32 4036 00 22 TT-25.20 12,00 2210
Staeric acid [(C18:0] 0303 10 4. 50-T.00 1600 S0
SFA total ZE D0 —30 S0 2EBD-3IZT 3D I 60 2910
Palmitoleic acid (C16: In7T) F_ FO0-—F600 OE0—1.70 (oSt 1 <30
Heic acad (1B In9) O D0—E1 50 Z2EDD-36 90 I3 90 2490
RALIFA tobal B3 406G G0 Z2EG1-365590 14 90 2630
Linoleic acid ( 18; Z2nE) 13 00—26 00 4 0—T7 30 BEEO 2950
Linaleic acid (18:3 n3 6 2.00-3 50 2T O3B Oz =45 50 .30
PLIEA toral 7. O—Z28.00 209043 O 53,80 32380
SPAS T MILUIEA -+ FLIFA ] D43 —064 D40— 050 D46 OSE [ER =1
Afinmenels g/ 100 g

Calcum 5410 -0 800 15800 TOD-3ITI0 132 14—210.D0 2450
Potassiom 1025 00220600 47 60— 2 130,00 112662 25970
M agnesium 33 6013 1.BD 20700 1.B769.ED BOOO—1 g3 3310
Phosphorous A5 D0—-GES00 A TE0D iS5 90— 109000 TEODD—G957 74

Sadivam g B—52 00 g p— U0 DD AR5 06 12100
I 14 7023080 2E100 1206400 B27-11 323 22970
Finc 2601580 23500 A2 T2 0 1B 64-21.79 1 300
Manganese OB0—2.50 .71 TOO-10063.140 297373 1 240
Copper 160 015 DES-Z201 250
Selenmm 1.60 015 [a N =i a.5s0
Witmnrins

Retinol [ue/ 100 g1 1125 za9 2433 280
-Tocmpherm! | Liks] 63968 1.00 2254
Ascorbic acid [mg/ 100 g] 425 195 aTFa o1
Thiamin [mz 00 =] 3.38 o3 ..
Riboflavin |me 100 g] 221-251 221 1807 1.4
Miacin [mz /100 =] 336 0S5 1259 A
Pantothenic acid [ma 100 «f TAT

Biotin (g1 D0 ] 5519

Folic acd [z 100 =] (el o] o9

MFE — nitmgen-free extmc (Le cartbobhy drates).

SFA — saturated Farty acide;

MUFA — monounsatmrated Bty acids.

FLIFA — polyunsaturated fatty acid=.

Souroes:

I - Banjo, Lawal, and Songonuga (20006}, 2 - Bukkens [ 1997}, 3 - Ekpo, Onighinde, and Asia (Z009 ),

4 - Elemo, Elema, Makindes, ami Erukainure (201 1 ) 5 - Omotoso -amnd Adedice (2007 )0 6 - Omyei ke, Ayalomo, amd Ok araonye { 200 5],
T - Oparaet al. (20E2), & - Pan, Liao, Zhang, Dong, and W (2012}, 9 - Ramos-Elorduy et al. (1997), 10 - Rao [ E994),
T1H - Tomotake, Katagiri and Yama { 2010 ], 12 - Agbidye et al, (200813 - Akinnawo and Kedko [ 2000],

14 - Omooso {2006 ). 15 - Osasona and Olaofe { 2010), 16 - Barker ot al. [ 1998}, 17 - Fnke [ 2002}, 18 - Finke [ 2007},
19 - Kinyurne Kenji Muhoho, and Ayieko [(2010])
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Table 2-2: Proximate composition of the edible winged termite (g/100 g)Adapted from
Kinyuru et al., 2013

Dietary Available
Termite Moisture Protein Fat Total AsH fibre! Carbohydratke
Macrotermes subylanudewinged 6.50 £0.02 39.34+0.12 4482 £2.89587+0.05 6.37£1.18 1.89+0.76
Pseudocanthotermes militaridewinged 5.04 £0.15 33.51+0.85 46.59 +2.13584+ 0.06  6.59 + 0.07 8.73+£1.87
Macrotermes bellicosi; dewinge: 5.13+0.11 39.74+0.6 47.03+£1.0 4.65 +0.00 6.21+2.0 2.37 £ 0.9

P seudocanthotermes spinigeewinged 8.76 +1.61 37.54 £0.12 47.31+£0.13227£0.38 7.21+0.44 0.72 +0.01

Values are mean + SD=6
yalues are on dry weight basis

Table 2-3: Mineral composition of the edible winged termitemg/100 g).Adapted from
Kinyuru et al., 2013

Termite Calcium Iron Zinc

Macrotermes subylanus; dewinged 58.72 £1.29 58.B36 8.10 £ 2.80
Pseudocanthotermes militaris; dewinged 48.31+7.0960.29 +1.11 12.86 + 0.92
Macrotermes bellicosus; dewinged 63.60 + 6.53 11%.9.46 10.76 + 1.93
Pseudocanthotermes spiniger; dewinged 42.89 + 1.7564.77 + 2.66 7.10+1.82

Values are mean £ SD on dry weight basis; n =6

2.6.2 Food fortification and 1 YC Nutrition

Although some of the strategies like extrusion ¢oglare proposed to enhance quality of
complementary foods, some workers have reportegceedsed apparent absorption of Zinc,
Magnesium and Phosphorus (Kivitso et al., 1986) andinsignificant decrease in iron
absorption (Hurrell et al., 2002). This may be duextrusion cooking causing deactivation
of phytase resulting in only about 25% digestionpbfytate or due to the formation of
indigestible phytate complexes (Sandberg et al,7198he decrease in micronutrient
absorption by extrusion cooking and thermal treatned food may be mitigated by the
multi-micronutrient fortification of complementafgods.

Food fortification can be mandatory by law or vdany at the discretion of the food
manufacturer. Many countries currently require naoxy fortification of some foods with
micronutrients, including vitamin A and iron, anelveral other countries practice voluntary

food fortification (ILSI, 2003; van Ameringen, 2005Table 2-4shows food fortification
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programs in some African countries. The adoptidae far fortification is not uniform in all
countries due to either lack of political will oanation among countries in the recognition of
the importance of micronutrients in child survivahis has been taken up by the Scaling Up
Nutrition (SUN) movement for some years to placehtrition agenda up in the priorities of
the countries in the developing world. By mid Sember 2014, 54 countries have joined the
movement with an aim to progress towards the 2028ld\Health Assembly Targets as part

of a global movement led by the countries themselve

Table 2-4: Some Food fortification programs in some of the@sn countries*

Country Program** Vitamins and minerals added
Burkina Faso Cotton seed oil vitamin A
Cote d'lvoire Whedt Folic acid, iron
Edible oilg vitamin A
Ghani Whea? vitamins A, B1, B2, B6, B12, folic acid, niacinpin, zinc
Edible oil¢ vitamin A
Kenya Maizé vitamins A, B1, B2, B6, folic acid, niacin; ironjnc
Edible oilg vitamin A
Lesotho Wheat vitamins A, B1, B2, B6, folic acid, niacin; ironjnc
Maize? vitamins A, B1, B2, B6, folic acid, niacin; ironire
Malawi Maizé vitamins A, B1, B2, B6, B12, folic acid, niacinpin, zinc
Sugaf vitamin A
Namibia Maizé vitamins A, B1, B2, B6, folic acid, niacin; ironire
Nigeria Wheat vitamins A, B1, B2,niacin; iron
Maize® &Edible oils®  vitamin A
Sugaf vitamin A
South Africa Whedt& Maize® vitamins A, B1, B2, B6, folic acid, niacin; ironinz
Uganda Whedt& Maizée? vitamins A, B1, B2, B6, folic acid, niacin; irominc
Edible oilg vitamin A
Sugat vitamin A
Zambia Whedt vitamins B1, B2, niacin
Maizé vitamins A, B1, B2, B6, folic acid, niacin; ironjnc
Sugat vitamin A

* adapted from van Ameringen, 2005. ** 1 and 2ctuntary; 3 = mandatory (NB 1 was pending as a6200

Food fortification has been used to control mictoieat deficiencies in the industrialised
world (Chen and Oldewage-Theron, 2002; ILSI, 2088)well as in the developing world
(ILSI, 2003; van Ameringen, 2005). The effectivenes a food-fortification programme
however depends on whether or not the fortifieddf@accepted, purchased, and consumed

by the targeted population. The quality, taste, #red price of the fortified product play
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important roles in determining the effectiveness tfe fortification programme
(Wirakartakusumah and Hariyadi, 1998). For a swsfoésood fortification program; 1) the
food fortified should be consumed in sufficient gtites to make a significant contribution
in the diet of the target population; 2) the adudiitof nutrients should not create an imbalance
of essential nutrients due to interaction effeehdag the added and the nutrients that are
naturally present in the food carrier); 3) the atldeitrient should be stable under normal
conditions of storage and use; 4) the fortifieddahould be affordable for the targeted
population; 5) the fortification programme shoukldentralised and involve mass production
for easy quality assurance and control of fortifiedd; 6) the food should be distributed to
the target population as widely as possible (Wirakasumah and Hariyadi, 1998; FAO,
1995).

There are many studies on the nutritional and hegffiects of fortified complementary
foods and very few on improvements based on blgnttinally available foods especially
indigenous ASFs for children in resource limitettings. For instance, Ruel et al, (2004) in
the Central Plateau of Haiti assessed the berfftrtified cereal blends CSB or wheat-soy
blend (WSB) in improving the quality of the diet fC 6-23 months of age. Participatory
recipe trials were conducted to assess current leongmtary feeding practices and to
develop new, improved recipes by using a combinatiblocally available ingredients and
foods and donated fortified cereal blends. Thelteshowed that only preparations using
CSB could achieve the recommended concentrationsonfand zinc in complementary
foods for young children 12-23 months old. In castr the iron and zinc needs of infants,
especially those between 6 and 8 months of agdd cmi be met, even with a combination
of fortified CSB and other locally available, actdge, and affordable foods. They
recommended higher fortification levels if iron andc needs of infants are to be met. The

study did not include determination of micronuttistatus.
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Table 2-5 summarizes some studies that have assessed thet effefortified
complementary foods on growth and micronutrientustaf IYC whose results have been
mixed. The need to conduct well-designed studieslémonstrate the effectiveness of
fortification has been highlighted (Townbridge avidrtorell, 2002). The studies reviewed in
Table 2-5show that fortification generally improves haemagiital measurements in pre-
school and primary school children. However, theults on growth and serum retinol are
inconsistent and the differences can be explaingdthe coexistence of micronutrient
deficiencies and micronutrient interactions. Theoants and the form of the fortificant in a
fortified complementary food also affect the outemn Among the studies reviewed
however, there is none incorporating edible ingeatwites in the complementary foods and
thus the current study will provide data on the saithis is in line with the current FAO
strategy (FAO, 2012) to promote insects as food espmkcially in localities where they are

already acceptable as food.
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Table 2-5: Effects of ASFs and multi-micronutrient fortified complementary foods on growth and micronutrient stéus of IYC

Referenc | Country Age Durati N Design Setting Results
e (mo) on
Lartey A.| Ghana 6 6 208 | Randomized community-based trial Rural breastfed infants No differences among intgige groups in growth an
et al, 1999 months (4 centrally processed complementary foods namely, micronutrient status. Significantly higher WAZ and\Z in
1) weanimix with vitamins and minerals, 2) combined intervention from 9-12 mo. Significantlyegter
Weanimix only, 3) Weanimix with fish powder, and change in plasma retinol in fortified group & lowgoportion
4) Koko with fish powder; Cross sectional data befpre of infants with low ferittin values in Weanimix thather diets
and after on 464 infants not included in intervemti
Torrejon | Chile 12 at leas| 42 Self-controlled tria Healthy male childre, | Favourable effect on iron status, but no effectioo statu
et al, 2004 6 (cow’s milk fortified with iron (10 mg/L, zinc (§ normal growth;lower
months mg/L and copper (0.5 mg/L)) socioeconomic groups
Oelofse et| South 6 6 60 Randomized controlled trial (fortified complertey | Rural and Urban Significantly higher serum retinol at 12 months.
al, 2003 Africa months food versus controls on traditional diet. disadvantaged black Less pronounced decline in serum iron.
communities in Kwa-| No effects on Hb conc., weight or length gain.
Zulu Natal and Western
Cape respectively.
Nesamvu | South 12-36 12 44 Parallel, single-blind RCT (Maize meal fortifiedth | A small town and| Significant weight gain in experimental group.
ni et al,| Africa months vitamin A, thiamine, riboflavin and pyridoxine vess| attending local créche gr No significant differences in haemoglobin concemratand
2005 unfortified maize meal).Children with HAZ or WAZ clinic serum retinol.
below the & percentile of the NCHS criteria Significant decrease in retinol binding proteircantrol group.
Faber M.| South 6-12 6 361 | RCT with infants assigned to receive either [tHeural area low| An intervention effect of 9.4 microg/L for serumién and 9
et al 2005 | Africa months fortified or unfortified porridge. Primary outcomessocioeconomic status & g/L for Hb. Anaemia decreased from 45% to 17%, reedi
were Hb and serum retinol, Zn, and ferritin conc. angbp. density at the >40% in the control group. On average 15.5/25 m
motor development. Growth assessed as secor|d&illey of 1000 Hills in| development score items, control group achieved #éms.
outcome. Primary & secondary outcomes assess¢ataZulu-Natal province| Serum retinol concentration inconsistent effect and
baseline and 6 mo. intervention effect for serum Zn concentrations.
Owino Zambia 6 3 81 Infants were randomly assigned to receive dfifedti | Peri urban set up No differences in weight or lermgscores, all were within
VO et al. months blend of maize, beans, bambaranuts, and groundnuts normal ranges at 9 mo. Percentage fat mass waicagtly
2007 [Chilenje Baby Mix (CBM); energy density: 68 greater in the infants in both the CBM and CBMA wgs than

kcal/100 g;n=37] or a similar blend with alpha-
amylase (CBMA,; energy density: 106 kcal/100 g;
n=44). Outcomes growth, Hb conc, & breast milk
intake. Cross-sectional data got at 9 mo for arobnt

group (n=69) not given the diets.

in the control group Hb concentrations were signifia
greater in both intervention groups than in theticmgroup.
Breast milk intake was not significantly differdsgtween
groups.
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Table 2-5 continued

Reference Country | Age Duration N Design Setting Results
(mo)
Grillenberger | Kenya Median | 2 years 544 The study investigated which specifigrients| Rural Height gain positively predicted by average daily
M, et al.2006 7 years from the diet of Kenyan school children predictetesource | intakes of energy from ASFs, haem Fe, preformed
their growth. poor vit A, Ca and vit B12. Weight gain positively
setting predicted by average daily intakes of energy from
ASF, haem Fe, preformed vit A, Ca and vit B12.
Gain in mid-upper-arm muscle area positively
predicted by average daily intakes of energy from
ASF and vit B12. Gain in mid-upper-arm fat area
positively predicted by average daily intakes |of
energy from ASF. Negative predictors of growth
were total energy and nutrients contained in high
amounts in plant foods. growth positively
predicted by energy and nutrients provided in high
amounts and in a bioavailable form in meat and
milk
Neumann CG| Kenye Median | For 7terms or| 544 | A RC school feeding study designeitest if ASFs| Rural Stunting and underweight in approximately 3
et al.2003 7 years | sch. days during would improve micronutrient status, growth apdetting of children and widespread inadequate intakes
21mo measuring cognitive function in to four feeding interventions and/or biochemical evidence of micronutrignt
a child repeated using a local vegetable stew. Groups designated as deficiencies, Malaria was present in 31% |of
at intervals over Meat, Milk, Energy and Control with no feedings. children, and hookworm, amebiasis and giandia
2y Preintervention baseline measures included were widely prevalent. Milk and Meat groups had
nutritional status, home food intake, anthropometry significant higher levels of micronutrients and
biochemical measures of micronutrient status, cognitive and behavioral outcomes
malaria, intestinal parasites, health status, ¢vgn
& behavioral measures.
Adu- Ghana 6 6 months 313 Randomly assigned to Sprinkles (SRishable All 3 intervention groups had significantly higher
Afarwuah S, months Nutritabs (NT), and fat-based Nutributter (NB; 108 ferritin and lower TfR conc. than did the NI
et al.2008 kcal/d), which provided 6, 16, and 19 Vvit& control group. Mean Hb significantly higher in NT
minerals, respectively. SP &NT each (n=105),|or and NB but not in SP infants than in NI infanfs.
NB (n=103) daily and assessed dietary intgke, The prevalence of iron deficiency anaemia was
morbidity & compliance weekly. Hb and plasma 31% in the NI control group compared with 10%
ferritin, TfR, CRP & Zn measured at 6 & 12 mp. in the intervention groups combined.
Random control group no intervention (NI;n=96)

assessed at 12 mo.
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Table 2-5 continued

Reference Country | Age Duration N Design Setting Results
(mo)

Nesamvuni South 1-3 12 months | 54 A parallel RCT: 21 experimental aieifd& their Rural The children in the experimental group had a

AE, et al.2005| Africa years families received maize meal fortified with vit. A, | setting significantly higher increase in body weight than
thiamine, riboflavin & pyridoxine, while 23 control control (4.6 kg vs. 2.0 kg) and both groups had
children & their families received unfortified maiz significant but similar increases in height. Study
meal. Baseline measurements were demographic, showed positive effects of a vitamin-fortified maiz
socio-economic and dietary data, as well as height, meal on weight gain and some variables of vit A
weight, Hb, haematocrit, serum retinol & retinol- status confirming the relationship between vit A &
binding protein (RBP). Fe status.

van 6-11 for 43 wk | 115 | Micronutrient status was assessed in an RCT primary A significant betwee-group treatment effect ¢

Stuijvenberg years over 12- biscuits (fortified with iron, iodine, and beta- school serum retinol, serum ferritin, serum Fe, transferri

ME, et al mo period carotene) compared with that in a control groug (n| children | saturation, and urinary iodine and in Hb and

1999 113) who consumed nonfortified biscuits. Cognitive from  a | hematocrit. Significant improvement in
function, growth, and morbidity assessed as poor micronutrient status & favourable effect on
secondary outcomes. rural morbidity & cognitive function.

communi
ty

Gibson RS, e| Zambi¢ | 6 12 month | 37Z | In a doubl-blind RCT compared the efficacy of | Urban Baseline prevalence of anaemia (39%) and

al.2011 months locally produced porridge based on maize, bearsgtting, deficiency (51%). Overall treatment effects on Hb,
bambaranuts, and groundnuts fortified with 19 (rictbusaka | serum TfR, serum ferritin and serum Se .biomarker
or 9 (basal) micronutrients. Randomized to thklyig responses for Fe & Zn were modified by baseline
fortified (n = 373) or basal (n = 370) porridge lgla conc. & for Hb and Fe by socioeconomic status. [No
for along with routine vit A supplements. Baselipe overall treatment effect on serum Zn but improved
and final micronutrient status and inflammatior1{¢ serum Zn in children with lower Hb conc. pat
glycoprotein) assessed using nonfasting blpod baseline. Reduced anaemia and improved Fe & Se
samples. status but not biochemical Zn status.

Liu DS, et| Ching 6-13 3 month: 22€ | Randomly assigned Aicronutrien-fortified rusk for | Mi-yun Mean Hb levels decreased in the infants in

al.1993 months weanling children full-term, healthy infants totest a| rural unfortified rusk but not for fortified rusk grouphe
micronutrient-fortified or an unfortified rusk. The | area neay fortified rusk group had a significant greater fall
fortified rusk contained extra Zn; Fe; Ca; vit A, D | Beijing vit. E levels. Improvements in erythrocyte porphyr|

and B-12; thiamin, riboflavin, niacin, and folicidc
15% of all infants initially anemic, not severely.

plasma vit. A, & riboflavin status, in both groups.

Micronutrient fortification beneficial for Fe statu
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2.7Complementary foods intake measurement techniques

It is important to accurately determine the intakeeomplementary foods for designing
the nutrient composition of a fortified processedod and as the basis for the
recommendation of daily rations (Lutter, 2003; Cwvit al., 2008). This may also be useful
in educating mothers and caregivers on sound wgapriactices that can help prevent early
growth faltering. Dietary intake assessment tealdqinclude self-reported data from
guestionnaires and interviews (Gibson and Fergu$®@9 and 2008), biological markers
such as urinary nitrogen, circulating nutrientsbinod such as ascorbic acid and double
labelled water for total energy expenditure (McKeowt al., 2001). However, since
biomarkers are influenced by intervening factorsghsas smoking status and use of
supplements, they do not refledtsolute dietary intakes and can only be used lidata
other dietary assessment methods (McKeown etG01)2

Dietary assessment methods based on self-repoatedirttlude observer-recorded food
records, food frequency questionnaires (FFQs) ahtiadir recalls (Gibson and Ferguson,
1999). Although techniques based on self-reportedia dhave been associated with
underestimation of nutrient intake (Haisma et 80%), they are used widely since they are
relatively cheap and are easy to use (McKeown, &C4l1). Food records have been the most
commonly used method to quantify dietary intakedewveloping countries (Gibson and
Ferguson, 1999). However, food records are expensime consuming and invasive and
might result in decreased response rates, biatoasdf statistical power and a possibility of
change in dietary intake during the record perdibg¢on and Ferguson, 1999).

24-h recall is used to quantitatively assess cumeirient intake and is brief with less
respondent burden (Gibson and Ferguson, 1999).aR&ap4-h recalls may be used to assess
actual food intakes for both individuals and growgsle single 24-h recalls are applicable

for the determination of group food intakes. 24batemay also be used to measure dietary
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enhancers or inhibitors that influence nutrientaspgon (Gibson and Ferguson, 1999).
Gibson and Ferguson, 1999 report that FFQs cansbd to estimate dietary intakes for
groups over time and to place individuals into lbr@ategories based on a distribution of
nutrient intake. The FFQs are cheap and able tesasssual and longer telimtake but

demands increased respondent literacy, respormeden and structure and lacks detail

regarding specifitoods (Gibson and Ferguson, 1999).

2.8 Iron deficiency and interventions to improve ironstatus

Iron is essential for biological systems such asr&topoiesis, immune function, oxygen
delivery, neurological function, physical developmh@&nd in micro-organisms physiology
(Drakesmith & Prentice, 2008). The body has a rrgd system for iron transport and
storage (Dunn et al., 2007) and benefits of iroterirentions have been demonstrated
(Menendez et al., 2004; Richard et al., 2006). l#pdytes carry most of the body’s iron and
an adult human produces about 200 billion erythiexylaily to replace an equal number of
cells that reach the end of their life span. Thdybmaintains the concentration of iron at
about 40 mg iron/kg in women and about 50 mg irgrifk men (Brittenham, 2000) and
humans are incapable of excreting excess ironttieys regulate the total iron in their body
by controlling iron absorption in the gastrointeatitract. If iron stores increase, absorption
decreases and vice versa (Bothwell et al., 1979).

Iron deficiency is an imbalance in total body it results when the supply of iron is
less than the body requirements and losses (Brudtan 2000). There are three stages of iron
deficiency: storage iron depletion, early functibinan deficiency, and established functional
iron deficiency. Iron deficiency may cause anaenmapaired behavioural development,
decreased work capacity and may lead to clinicalfynificant immune deficiency and
infections in children (Prentice et al., 2007).slvere, iron deficiency causes increased

mortality during pregnancy and infancy.
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2.8.1 Iron metabolism

Human iron metabolism is the set of chemical reastimaintaining human homeostasis
of iron. Ferritin and haemosiderin found primarity the liver, spleen, reticuloendothelial
cells and bone marrow, are the major iron-storagepounds in the body (Ramakrishnan &
Semba., 2008). Intracellular iron is spread oveedhdifferent pools: 1) the functional pool,
where it is bound mostly to haemoglobin; 2) theage pool, where it is bound to ferritin;
and 3) the regulatory pool, where iron regulatingtgins iron regulatory protein (IRP) 1 and
IRP2 regulate transcription and translation of ibanding proteins. Serum ferritin is a good
indicator of iron status, although its expressisrup-regulated by inflammatory cytokines
during periods of infection. Small amounts of ikme also found in plasma (Kumar & Clark.,
1998). Iron is transported in the plasma boundandferrin, g—globulin that is synthesized
in the liver with about two-thirds of the total bodon in the circulation as haemoglobin

(Kraemer & Zimmermann, 2007).

2.8.2 Absorption of iron from the diet

Iron is absorbed in the duodenum by enterocytébefiuodenal lining and the jejunum.
It must be in its ferrous (B8 form in order to be absorbed. Heme iron tranguqitiCP 1)
transports heme iron, which undergoes endocytdsss which Fé" is liberated within the
endosome or lysosome. Non-heme iron includes feremd ferric iron (F&) salts. F&"is
reduced to Fé by ascorbic acid in the lumen or by membrane fediictases that include
duodenal cytochrome B (DCYTB) (McKie et al., 200T)ansport of non-heme Fefrom the
intestinal lumen into the enterocytes is facilithtey the divalent metal ion transporter 1
(DMT 1) mainly because the acid microclimate at #pcal membrane provides an H+
electrochemical gradient that drives’Feansport into the enterocytes (Gunshin et a7)9
Once inside the enterocyte, iron that is not diyettansferred to the circulation is stored as

ferritin and is eventually lost when the cell idaated at the villus tip. At the basolateral
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membrane, iron transport to transferrin in the wdaton is mediated by ferroportin 1, in
association with hephaestin. Hepcidin, which isdpiced by the liver, binds to ferroportin 1
causing its internalization and degradation andredseing iron transfer into the blood
(Nemeth et al.,, 2004; Nemeth & Ganz, 2006). It egulated by iron levels and
erythropoiesis. In turn, it regulates iron uptakeeterocytes and release of iron stores from
macrophages and hepatocytes. Ferroportin 1 alséateedexport of iron from other cells,
including macrophages (Donovan et al., 2005).

The regulation of ferroportin is the main way ofjutating the amount of iron circulating
in the body. This is because though DCYTB and DMif& unique to iron transport across
the duodenum, ferroportin is distributed throughitnet body on all cells that store iron. Iron
deficiency and hypoxia stimulate duodenal expresesiddMT1, DCYTB and ferroportin and
thereby increase iron absorption (McKie et al., Z0Gollins et al., 2005). Senescent red
blood cells are broken down by macrophages in pkees, bone marrow, and liver. The iron

extracted is returned to the circulation wherdntb to transferring as detailedfigure 2-1

e

Fe3+ —P Fe2+

Hasrihon \ Hephaestin Transferrin

Ferroportin 1 ~

Dietary iron

N\

Non-haem iron

Fe3*
Fe*
Ascorbic acid
X
’,
I' va e
L=’ Ferritin
Folt e—mm—r e - - Nat
oo
1
N denal
e Duodenal enterocyte
Gut lumen

Figure 2-1: Regulation of intestinal iron uptake (Source: Ziexmann and Hurrell, 2007)
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2.8.3 Reasonsfor iron deficiency

High demand for iron beyond what the diet can syppicreased iron loss usually
through loss of blood, nutritional deficiency, iléf to absorb iron because of damage to the
intestinal lining e.g. in case of celiac sprue whgeverely reduces absorption surface area
and inflammation leading to hepcidin-induced resiwn on iron release from enterocytes are

some of the reasons for iron deficiency.

2.8.4 Regulation of intracellular iron homeostasis

Hepcidin, 25-amino-acid peptide hormone producethbyliver is the central regulator of
iron homeostasis. It regulates the export of irommf cells into plasma by controlling
absorption from the intestine, export from macragm@s and release from body stores by
controlling the entry of iron into plasma (NemethGanz, 2006; Ganz, 2007). An increase in
hepcidin synthesis causes a subsequent decreplsssima iron and intestinal iron absorption.
Hepcidin synthesis is increased by iron loadinfammation, and infection and decreased
by iron deficiency, and ineffective erythropoiesison in circulation is tightly bound to
transferrin. The level of serum ferritin in the lyad directly proportional to the amount of
stored iron in the body. Body cells have recepforstransferrin— iron complexes on their
surfaces that engulf and internalize both the jmad@d the iron attached to it. Once inside,
the cell transfers the iron to ferritin, the internron storage molecule. Iron absorption is
influenced by dietary iron content, bioavailabilif dietary iron, the amount of storage iron
and the rate of erythrocyte production with only 8%dietary iron normally absorbed from
the average daily diet in developing countries @fnar & Zimmermann, 2007). Most of the
iron in the body is obtained by recycling aged t#dod cells in the reticuloendothelial
system. Iron is lost through menstruation, swed@gl breast milk, shedding of skin cells and
the mucosal lining of the gastrointestinal tractifiar and Clark., 1998). Thus people must

continuously absorb iron. When iron loss exceeds &bsorption, the iron stores become
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depleted and the transferring saturation in thedlthen falls. If this drops to below 10%,

then abnormal iron deficient erythropoiesis oceading to microcytic anaemia.

2.8.5 Iron and immunity

Iron is intricately involved in both innate and atlee immune responses to infection
(Weiss, 2002). Since almost all pathogenic micranigms require iron for growth, the
immediate response to infection is usually to watldhiron to invading pathogens. Increased
hepcidin synthesis restricts delivery of iron te fflasma from macrophages, from intestinal
absorption, and from hepatocyte stores (Ward e28al1). Many of the genes and proteins
involved in iron homoeostasis play a vital rolecontrolling iron fluxes such that bacteria are
prevented from utilising iron for growth (Ward €t,a&011). Cells of the innate immune
system, monocytes, macrophages, microglia and Ipayibs, are able to combat bacterial
attacks by carefully controlling their iron fluxesshich are mediated by hepcidin and
ferroportin. A variety of effector molecules, etglllike receptors, NF-kB, hypoxia factor-1,
haem oxygenase, orchestrate the inflammatory regploy mobilising a variety of cytokines,
neurotrophic factors, chemokines, and reactive erygnd nitrogen species (Ward et al.,
2011). Imbalances in the host iron availability aifghe host immune system (Weiss, 2002).
The virulence of many bacteria is enhanced throexgbosure to iron (Ratledge & Dover,
2000). Some bacteria acquire iron by secretingrocgaon chelators called siderophores, by

expressing surface receptors that interact with inms-containing proteins, or both.

2.8.6 Anaemia

Anaemia is defined as a haemoglobin concentratedovb—2 standard deviations of the
age- and sex-specific reference mean (RamakrisBn&emba., 2008). The cut-off values
most commonly used to define anaemia are haemaegtamcentrations below 110 g/L for

children under 5 years old and pregnant women,weld0 g/L for non-pregnant adult
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women, and below 130 g/L for adult men. AccordinglfHO (2001), the main causes of
anaemia are: dietary iron deficiency; infectiousedises such as malaria, hookworm
infections, or schistosomiasis infections; deficies of key micronutrients such as folate,
vitamin B12, or vitamin A; and inherited conditioriat affect cell stability such as
thalassaemia and sickle cell anaemia. The threa maigenous causes of anaemia, namely
disease, blood loss and diet (Thurnham & Northrtga@€s, 2007), are shown fifigure 2-2
Although there is great variation by region, yowlgldren and women of reproductive
age are at greatest risk of anaemia, followed byefderly and men. Anaemia may lead to:
fatigue, headaches, faintness, breathlessnessjaangieffort, intermittent limping due to
weakness (claudication), palpitations, pallor (exte paleness), tachycardia, systolic flow
murmur, cardiac failure and rarely, papillo-edenma @etinal haemorrhages after an acute
bleed (Thurnham & Northrop-Clewes, 2007). Very sev@naemia (haemoglobin < 50 g/L)
is associated with increased childhood and matenaatality (Allen, 1997). In areas where
severe anaemia (haemoglobin < 80 g/L) is common, deficiency is usually one of multiple

causes of anaemia (Brooker et al., 1999).

2.8.6.1Iron deficiency anaemia (IDA)

Anaemia is the primary sign of iron deficiency (Knaer & Zimmermann, 2007). Stored
iron which is physiologically bound by ferritin nemlules is usually almost entirely depleted
before the development of IDA (Ramakrishnan & Sen20®8). The causes of IDA include:
blood loss, increased demands such as growth aghamncy, decreased absorption (e.g.
postgastrectomy) and poor intake. IDA develops wlhbkeare is inadequate iron for
haemoglobin synthesis (Zimmermann & Hurrell, 200N@rmal levels of haemoglobin are
maintained for as long as possible after the itones are depleted; latent iron deficiency is

said to be present during this period.
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Figure 2-2 Exogenous factors contributing to anaemia. Adaptad: Thurnham and -Clewes
2007 in Nutritional Anaemia (Kraemer & Zimmerma2007)

The highest risk groups for Iron deficiency are phe-term and low birth weight infants,
infants and children during the rapid growth perad IYC consuming milk and who have
sensitivity to cow’s milk, premenopausal women, gomant women, and individuals with
nematode infections in the gastrointestinal tradganfakrishnan & Semba, 2008). Low
consumption of iron containing foods and consumptid foods that interfere with iron
absorption, such as phytates, also increasesskefriron deficiency.

The correct management of iron deficiency anaesiit ifind and treat the underlying
cause. Iron deficiency anaemia can also be codewti¢h oral iron supplements. The
preparation most commonly used is ferrous sulphiede) which iron is best absorbed when
the patient is fasting. Iron stores are replacedhrfaster with parenteral iron than with oral
iron, but the haematologic response is not quidReal iron should be given for long enough
to correct the haemoglobin level and to replenighiton stores. This can take six months.
Failure of response to oral iron may be due to laickompliance, continuing haemorrhage,
severe malabsorption or another cause of the aaagigni malaria infection. Although not all

anaemias are caused by iron deficiency, in areasentine prevalence of anaemia exceeds
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30-40%, most anaemia is caused largely by irorcéeity. This assumption may not hold in
regions such as sub-Saharan Africa, where condisoch as thalassemia and infections such

as malaria are endemic.

2.8.6.2Anaemia caused by infections and inflammation

The infectious diseases that significantly causeeama are malaria, tuberculosis (TB)
and HIV/AIDS. They act either individually or in ewination and are most serious in
developing countries. Malaria frequently causesuaied haemolytic anaemia. The anaemia
of malaria has several causes namely: rupture rafsgized red blood cells in tissue venules,
destruction of parasitized and unparasitized reddkells in the reticulo-endothelial system
(especially the spleen), haemolysis due to theepias of malaria antigen, antibodies and
marrow suppression (Shankar, 2008; Graves & Gelb20@6). In absence of treatment, this
cycle of invasion and destruction of red blood sé#l continuous thus making the person
more anaemic. Blood transfusion is indicated whesrd is acute intravascular haemolysis
and when the haemoglobin concentration falls belotical values. It is effective in severely
ill patients especially when more than 20% of rddod cells are parasitized (Moxham,
1994). Malaria not only causes blood loss leadinigatemolysis but also causes inflammation
leading to reduced iron absorption and mobilizatiothe gut (Kanjaksha & Kinjalka, 2007).
The most common cause of iron deficiency anaemiddwide is blood loss from the
gastrointestinal tract resulting from hook wormeistiation (Ong’echa et al., 2006). In such
settings, the potential impact of deworming canusgified as part of the anaemia control
program.

Promoting iron-rich ASFs and undertaking other fbaded strategies may also increase
iron intakes and contribute to anaemia reductidrrésearch is still needed to document their
efficacy and effectiveness (Ruel and Levin, 2000)e use of local iron rich but neglected

foods, such as edible termitelgagaasmall fish, and germinated grain amaranth to im@ro
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the quality of complementary foods needs to beaepl. Higher iron status has associated
with the consumption of an omnivorous diet mainkedo the intake of heme iron than to the
enhancing effect on nonheme iron absorption (Reddy., 2006) while vitamin C enhances

iron absorption (Cook and Reddy, 2001).
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Abstract

We assessed acceptability of two flours and poesdgf complementary foods based on
germinated grain amaranth and maize with or witteaible termites andagaasmall fish
named “WINFOOD Classic” (WFC) and “WINFOOD Lite” (ML), respectively, compared
to Corn Soy Blend Plus (CSB+) among mothers andgathildren. A total of 57 children
consumed each of the three foods on separate dilysome-day washout between foods.
Each food was considered acceptable if the chitbemed at least 75% of the serving. Most
mothers preferred WFL flour and porridge (63.2% &id2%, respectively) compared to
WFC (24.4% and 10.5%) and CSB+ (12.3% and 19.3%ijd@n consuming at least 75% of
served porridge were 43%, 19.6% and 21% for WFL,ONdhd CSB+, respectively. No
adverse effects were observed for all the foodsutjinout the study period and follow up
lasting 4 weeks. All foods were acceptable and lwariurther developed and be tested for
efficacy.

Keywords: complementary food, amaranth gradagaafish, termites, acceptability, CSB+
Key messages

(1). Complementary foods developed from locallyilade food materials are possible and
when well formulated is appropriate for resourcerpgettings.

(2). Affordable complementary foods formulatione aeeded, but such new formulations
must be acceptable and not associated with anyselhealth effects among target children

3.1 Introduction

Accessibility to affordable, healthy food is ess&infor good health as poor nutrition is
one of the major determinants of impaired growtkd development, acquisition of certain
diseases and later chronic diseases (Allen, 200Bjidren are most vulnerable to poor

nutritional status during the complementary feedipgriods when both macro and
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micronutrients are insufficient to maintain grovahd development, leading to malnutrition
(Dewey & Brown, 2003). One way of sustainably radganalnutrition is by using available

traditional and indigenous plant and animal focaptepare complementary foods that are
both hygienically and nutritionally adequate to m#e needs of fast-growing infants and

young children (WHO, 2008).

In some communities in Kenya, entomophagy (the tm@aof eating insects) has been
common and widespread depending on the availaldfitthe insects and the ability to trap
them for use (Ayieko, 2007). Although small fishceuasdagaa (Rastrineobola argentga
have been used in the preparation of complemefdangs in some settings, there is scarcity
of data on acceptability and tolerance of such $oamhong infants and young children, as
well as their caretakers. The objective of thisdgtwas to determine acceptability of
nutritionally dense complementary foods developedmf traditional ingredients in
comparison to Corn Soy Blend plus (CSB+), a stahdammanitarian food ration, among
local mothers and young children. This study wasedude to an intervention study aimed at
the evaluation of the effects of the amaranth gbaised complementary foods processed
usingdagaafish and edible termites on growth and micronuatrigtatus of infants in western

Kenya.

3.2 Material and Methods

3.2.1 Foods Description

The two complementary foods named as “WINFOODs "en@ocessed using germinated
grain amaranth, maize soy oil and sugar but differe the content oflagaaand edible
termites. WINFOOD Classic (WFC) had 38agaaand 10% edible termites added, while
WINFOOD Lite (WFL) had neithedagaanor termites added. The ingredients were chosen
after focus group discussions and interviews wittrars and health workers showed (results

not shown) that some of the ingredients were abklavithin the study area and were
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commonly used for the preparation of complementirgds (Kinyuru et al., 2010).
“WINFOODSs” acceptability was compared to that ofr@&oy Blend (CSB+) processed to
World Food Programme specifications of 2010 (Wdtttbd Program, 2010) and purchased
from Wanijis Foods Industries Ltd, Nairobi, Kenydl the ingredients were locally identified
and sourced from within the study region. WFC anBLWvere pre-cooked based on heat
extrusion. The final microbial analysis was carr@d and safety ascertained by the Kenya
Bureau of Standards and found to comply with linsigs for CSB+ meant for similar target

groups (World Food Program, 2010). CSB+ was alsaudgd and availed in flour form.

Estimated nutrient values of the developed compigang foods and the CSB+ are as
shown inTable 3-1 The values are as obtained from estimated vatfiethe nutrients
composition of the ingredients on dry weight basisey acted as a guide during the nutrient
optimization process in order to achieve nutrieehsk blends. On cost analysis based on
costing the ingredients and the unit operationslied to produce the products, WFL had
the lowest cost (USD 1.82/ kg) due to the fact thdid not have the termites while WFC
cost (USD 3.76/kg). The cost of the foods was lothan an average commercially processed
complementary food which retailed at about USD Rdin Kenya (as per market survey of
November, 2011). One way to reduce the cost isnop@raging more termite harvesters to
harvest thereby increasing supply and consequiantigring the price. Currently, the termite
is a delicacy in Western Kenya where it retail&)&D 12.0 in the markets when they are in
season. The prices go even higher to USD 18.0 vihey are off season. However, the
developed complementary foods may be affordabliéyarget population in western Kenya
where the ingredients are sourced from and thusrildellemen effect which increases the

prices drastically is eliminated when sourcingtirenites (Kinyuru et al., 2010).
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Table 3-1:Estimated nutrient values of the study foods onvagight basis
(WFC,WFL& CSB+)

Moisture Energy Protein Fat Fe Zn Ca
g/100g  Kcal g/100g g/100g mg/100g mg/100g mg/100g
WFC 8.7 423.6 19.1 12.3 12.2 6.3 48.2
WFL 9.4 407.2 14.6 9.0 12.5 5.5 139.4
CSB+ 9.7 391.7 15.1 5.8 7.7 5.1 141.9

3.22 Study Area

The study was carried out at Makunga Sub-Districtspital, Mumias District of
Kakamega County, Western Kenya in March 2011. Titee was chosen to reflect the
resource poor settings targeted in the subseqtiécacy study and in the region where the
foods used to process the products are alreadyt@ctaViost of the inhabitants of the area
have turned their farms into small plantations efjeg cane with the average size of plot
holdings of 4 acres in an effort to earn cash fthencash crop. The sugar cane is harvested
after 18-24 months. In the meantime, farmers dtenlghout a viable source of income till
the next harvesting season which has left manyli@sniith very small pieces of land that
are used for food crops resulting into increasedhutdtion in the area especially among

children.

3.2.3 Study Design and Data Collection Methods

The study was done in three phases where phaselized hedonic ranking by mothers
of three flours and, subsequently, porridges asildet by Meilgaard et al. 2007. The
porridges had been prepared by the study team fidhe ranking. Mothers evaluated
colour, taste, texture and smell of flours and preg porridges based on a 5-point hedonic
scale (from “5” — like very much, to “1” - dislikeery much) (Meilgaard et al., 2007).
Overall comments about the products and how toargthem for feeding infants and young

children were also captured.

Phase 2 involved having the mothers centrally peefize porridges and feed the infants.

In a cross-over design children were initially rarmdzed to receive one of the three study
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foods (WFL [n=15], WFC [n=17], CSB+ [n=15]) on tliest day followed by a one-day
washout after which they switched to the secondigige on the 3rd day followed by another
one-day washout period before completing with thiedtporridge on the 5th day. On each
feeding day the study team observed how the claktted during feeding and scored
response based on a 5-point hedonic scale (Medgztaal., 2007). About 150 ml of porridge
was offered to the infant in a graduated feeding dine amount of porridge consumed was
calculated by subtracting amount left and spilinfra50 ml. The mother/infant pairs were
divided into three groups and each infant was sdleeldo eat one product one day over a 5-

day period with a wash-out day in separating theigges.

Phase 3 involved the mothers taking home 100g fadua on each of the three visits at
the health facility, preparing the food at hometheir usual way and feeding the enrolled
child as well as any other willing person at ho®a. subsequent visits mothers were asked
how well the child and any other person in the letwodd liked the porridge they prepared at

home and responses recorded on a 5-point scale.

Morbidity data for children including diarrhoeapstach-ache, vomiting, skin rashes and
difficulty in breathing, were collected by a twoydaecall at recruitment and at every
subsequent visit along with anthropometric measergmonce for weight, length and mid
upper arm circumference. For infants, each food wWaemed acceptable if the child
consumed at least 75% of the serving and if leas tD% of adverse effects cases were
reported for that particular test food based onilammwork (Valid International, 2006).
Mothers attending the Makunga Sub-District Healdnt@e with infants 6-24 months of age
were assessed for eligibility to participate in #veeptability study. To be eligible, the infant
had to be 6-24 months old, the caregiver had tavillng to prepare and take/serve the
porridge as advised. Moreover, the infant had tdrée of any evidence of chronic disease
and weighed at least 25009 at birth. Those witlomierillness requiring medication, genetic

disorders interfering with normal growth were extdd and referred for treatment at the
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partnering Makunga health facility after assessmmntqualified medical personnel. The
mothers were not forced to take part in the studythe purpose of the study was explained
to obtain informed consent and further permissibtaimed from the Mumias District Health
Management Team, the Chief and other local admaticts. All caregivers/mothers gave

written informed consent.

3.2.4 DataAnalysis

All data collection forms were checked by the sujsers in the field to allow immediate
re-visits for gross errors or missing data. Data waaalysed using SPSS (Version 17) (SPSS,
2010) and anthropometric data was analysed using@@\ViHthro (WHO Anthro 3.2.2). The
anthropometric data was to confirm that only norawad moderate malnutrition cases were
included in the study. Means and standard deviatwere calculated for acceptability of the
sensory attributes of the complementary foods. A-tay analysis of variance (ANOVA)
was conducted to test for significant differencgs>( 0.05) in the sensory attributes
(appearance, smell, taste, and texture) amonghtbe foods. Mothers’ comments were also

recorded verbatim and organised into themes.

3.3 Reaults

3.3.1 Demographic and Anthropometric I nformation

Fifty seven child/mother pairs were recruited itite study with 31 of the infants/children
being boys and 26 girls. Descriptive statisticstf@ anthropometric information before the
acceptability study are presentedliable 3-2 Age of the participating infants ranged from 6
months to 24 months. Boys had a mean age of 12r@hmavhile the girls had a mean age of
11.3 months. Girls had a slightly lower LAZ thare thoys (-0.2+1.3 and 0.3+1.5, p=0.001),

respectively, though none of them were stunted (&R

None of the participating infants were wasted (W& Z2) and the average WLZ was not

significantly different (g0.05) between boys and girls. All the infants mdphating in the
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study were well nourished (MUAC>12.5) and were adie consuming complementary foods

back home while among them, 80.7% were still bfeading.

Table 3-2: Background demographic and anthropometric informaion

Boys (n=31) Girls(n=26)
Age (months),(Mean+SD) 12.3+5.6 11.3+£6.9
Length (cm) 75.1+ 7.6 74.6 £5.8
Weight (kg) 95+22 89+1.2
MUAC(cm) 147+14 143+11
WAZ -0.1+1.2 -05+1.3
LAZ 0.3+x15 -0.2+1.3
WLZ -0.2+1.1 -05+1.6
Consuming complementary foods (%) 100.0 100.0
Still breastfeeding (%) 80.7 80.7

MUAC-Mid Upper Arm Circumference; LAZ-Height/Lengtlor Age Z-score; WAZ-Weight for Age Z-score;

WLZ-Weight for Height/Length Z-score.

3.3.2 Maternal Food Acceptability

Data on the sensory evaluation and acceptabilith@fflours by mothers are presented in
Table 3-3.The consumers ranked WFL flour highest in termsabur, smell and texture.
The colour and smell of WFL were however not sigaitly different (p > 0.05) from CSB+
which was being used as a positive control. Thewolnd smell of WFC flour were
significantly lower than in both WFL and CSB+. Tluisuld have been due to the addition of
dagaafish and termites added to the composite prodihetsslightly changed the attributes.

CSB+'s texture was rated lowest.

Table 3-3: Sensory evaluation of the products’ flours by motars

Product Attributes

Colour Smell Texture
WFL 39+014 39+014 46+0.0?
WFC 33+0.18 3.0+0.18 4.4+0123
CSB+ 38+0.185 3.8+0.16 2.4+0.13

Mean + SD; N=57; Values on the same column witfedint superscripts are significantly different@g5).

Similar trends as shown in the flour were repotigdhe mothers rating of the porridge
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(Table 3-4).Mean scores for WFL on the five point hedonic saaére 4.0+ 0.1 indicating

that the color, smell, taste and texture were likEdere were no significant differences
between the mothers’ scores for sensory attribafteslour, smell and taste of the WFL and
CSB+. WFC'’s smell and taste were however ratedGatrzaning they were slightly disliked

even though the texture was significantly liked®5).

Table 3-4: Sensory evaluation of the products’ porridge by mihers

Product Attributes

Colour Smell Taste Texture
WFL 40+0f 40+0f 40+0f 40=+0.%
WFC 3.0+02 20+0f 20+02 40zx072
CSB+ 40+02a 40+01 40+02 3.0+0.2

Mean + SD; N=57; Values on the same column witfedint superscripts are significantly different@g05).

WFL was the most preferred flour and porridge (88.@2nd 70.2% respectively) by the
mothers thus WFL was the most preferred producthef three foods presented. More
mothers preferred WFC flour (24.6%) than CSB+ fl¢l2.3%) while the porridges were
preferred at 10.5% and 19.3% for WFC and CSB+ wsmdy by the mothers. All the
mothers indicated that they preferred their proddathoice due to the inherent properties of
color, smell, taste and texture and none indicttattheir preferences was based on extrinsic

factors.

3.3.3 Infant Food Acceptability

Maternal interpretation of their infant’s responsess evaluated at three levels of feeding
starting at when the infant sees the food, atrit&l food offer and subsequent offers at the
health centre. The interpretation indicated tha¢ thfants preferred WFL more, in
comparison to the other produdfBable 3-5).Infants preferred WFC porridge more than
CSB+ based on the level of liking with the exceptaf “subsequent offers”. At subsequent

feeding offers, there was no significant differebeéween WFC and CSB+.
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Table 3-5: Sensory evaluation of the porridge by enrolled irdnts

Product Sees food first Initial offer ~ Subsequent offers
WFL 4.2+0.7 4.2+0.7 42 +0.%
WFC 3.6+0.2 3.6+0.2 3.4+0.2
CSB+ 3.3+0.2 3.3+0.8 3.3+0.2

Mean + SD; N=54 (3 were lost to follow up); Valuea the same column with different superscripts are

significantly different (g0.05).

3.3.4 Amount of Food Consumed

On average, 73.0% of WFL porridge was consumeden.5% and 48.0% of CSB+
and WFC were eaten respectively by the enrolledninfiuring central feeding at the health
centre (Table 3-6) However, the amount consumed significantly inseshduring home
feeding with over 75% of CSB+ and WFL consumed amiC reporting 68.9%

consumption.

Table 3-6: Amount of porridge consumed (%) by infants

Central feeding Home feeding

WFL 73.0+30.4 91.6 +39.8
WFC 48.0 + 343 68.9 +32.3
CSB+ 48.5+335% 75.0+39.8

Mean + SD; Values on the same row with differargesscripts are significantly different(.05).

Upon evaluating different proportions eatémgure 3-1shows that 43% of the infants
consumed over 75% of the served WFL porridge. Twent (21%) of the infants consumed
over 75% CSB+ served while 19.6% of the infantsscmmed over 75% of the WFC served.
Similar trend was observed for CSB+ and WFC witbrdd0% of the respondents consuming
less than 50% of the food served while only 27.8%he respondents consumed less than

50% of the WFL served.
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Figure 3-1: Proportion of porridge consumed by theenrolled young children at the health centre

3.3.5 Food Tolerance

Diagnosis of infant and young child food allergydantolerance is a challenge due to
lack of appropriate communication. In this studhfant tolerance of the foods was evaluated
on consuming each of the foods. Adverse healticesffen consumption of the foods were

evaluated and presented as showhigure 3-2
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Figure 3-2: Infant/young child illness just before, during andshortly acceptability study
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In all ilinesses evaluated except vomiting, theslswvere higher before the acceptability
study than after feeding the specific foods. Tlisves that the level of morbidity was high
among the participants with 10.5% of participariteveing signs of skin rashes before the
acceptability study. Others illnesses evaluatedrieg to the mothers knowledge were
whether the infants had shown signs of fever anayleoCases of vomiting were reported
(9.3%) after consumption of CSB+ which was slightiigher than the value before the
acceptability study (7%). Cases of stomach-ache wet reported among the infants who ate
WFL and CSB+. However, some symptoms can be difficuinterpret as life-threatening
reactions such as the crying, fussing, irritahbjlityappropriate drowsiness or fright, spitting
up, vomiting, loose stool/diarrhoea or abdominahpatomach-ache. Within a population,
the number of allergic/intolerance cases towardserain food should not exceed 10%
(Bovell-Benjamin et al., 1999). In this study, @lé cases reported were below 10% threshold
required to declare a product to have adverse tefftus even the 9.3% observed for

vomiting was still acceptable.

3.3.6 Post-tasting Comments by Mothers

Mothers were requested to comment on the prodhet.comments were captured and are
represented iffigure 3-3 The main comments relating to how to further iayer the foods
were identified as thickness (consistency) ancetésiveetness). The highest percentage of
the mothers (39.4%) suggested they would prefer WHB sugar while 23.5% of the
mothers indicated they would prefer a WFC if it fethicker consistency. Other comments

included ‘baby likes’ and ‘good for babies’.
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Figure 3-3: Some post taste comments by mothers

3.4 Discussion

The aim of this study was to assess the acceptabilf the three improved
complementary foods. In infants, means for theelperridges were >3.0 thus a general
liking of all the products with no evidence of afje reaction from the foods consumed. The
observation that both WFL and WFC porridges wergegaly accepted agrees with previous
observations that mothers often find complementaogl$ processed from locally available
staples attractive (Mensa-Wilmot et al., 2001; Gwan al., 2007). It appears that, in addition
to a sufficient energy density, sensory qualitifs complementary food formulations
corresponding to food preferences of mothers aeil iifants are of importance. It has been
noted that dietary quality rather than quantityaiskey aspect of complementary food
development that needed improvement (Lutter & Riy@003). Infant age has been found to
affect food preferences for consistency of complatary foods (Parker et al., 1998), with
infants not showing dislike for some foods that heos reportedly disliked. However, it is
necessary to ensure that there is maternal prefe@icomplementary food if a food is to be
widely accepted (Muroki et al., 1997). Involving thers in nutrition education activities is
recommended for improved nutritional status of ygpunfants (Muroki et al., 1997; Abebe et
al., 2006), and the mothers in our study were esidstic about preparing the WINFOOD

complementary foods.
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Consistency has been found to affect acceptalfiztomplementary porridge (Owino et
al., 2007). The Codex Standard (1981) for processzdal-based foods for infants and
children states that reconstituted dry cereal shbel suitable for spoon feeding of infants
and children. Previous studies have reported thathens preferred semi-liquid porridges
which are easy to spoon feed (Muroki ef 8097; Mosha & Svanberg, 1993). If the porridge
has a very low or very high consistency, its acaleiity may be low. Some previous studies
have found that complementary food formulationshvétldition of sugar were found to be
more tasty and appealing than those without suigdicating that inclusion of sugar not only
increased the energy density of the porridge butaeoed the taste and characteristic
improved flavour (Martin et al., 2010; Muhimbula at, 2011). Owino et al. (2007) found
that sweetness improved the acceptabilityogfmylase-treated maize—beans—groundnuts—
bambaranuts complementary blends. This shows ti@tision of sugar or sweetener is

important for the acceptability of product by targeoups.

There is evidence that olfactory preferences iaritd and young infants are learned, not
innate and that they develop slowly (Bovell-Benjaret al., 1999; Pangborn et al., 1988;
Schaal, 1988), even though the process may statudg as in the womb (Marlier et al.,
1998; Sonssignan et al., 1997). Although infants imaddlers may detect ‘unpleasant’ smells,
they may not judge them as ‘unpleasant’ until theg about 5 years of age (Mennella &
Bauchamp, 1997). In general, exposure drives prabe;, except in those cases when
negative reactions from peers or parents teachgyohiidren that a given olfactory stimulus
is unpleasant (Birch, 1992). In this study howeyewng children as old as 24 months did
not dislike any of the foods and this may mean #ilathe foods were acceptable among the

young ones.

Most of the theoretical base for conducting sensewaluation relates to normal
circumstances where food resources are adequédmtdnvho lack adequate food may eat

foods eagerly due to hunger, which might not regmesan accurate assessment of the
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acceptability of tested products using standarda@gnevaluation procedures. In this study
evaluation was done both at a central place ambrae to avoid bias due to hunger as well
influence of changing the feeding environmentshla study we observed that infants tended
to eat more of the served porridge at home comp@ar¢ide health centre. Apart for the fact
that at home there is little observer influencas ialso likely that mothers/caretakers added
more sugar and other ingredients to the porridgeetty making it more palatable. This
observation may also have been as a result oftoiasmother/caregiver self-reported data as
opposed to the observed measurements at the Ii@eility. Also, low-income caregivers in
such situations may be inclined to give higher ssofAshbrook & Doyle, 1985). This
suggests the need for applicable methods for cdimdusensory evaluation in low-income

households with illiterate and semi illiterate papants.

Food fortification may have adverse effects ongbesory qualities of foods especially if
fortifying with some foods such as fish and insedtee to the high rate of rancidity
development. Rancidity is influenced by the typefaify acid composition of the high oil
content foods. However, infants may not always aédtee rancid smell in the foods or may
not view it as unpleasant or do not care. The Eg@&planation for this is that their olfactory
preferences are not yet well developed (Schaal3;19@rlier et al., 1998; Sonssignan et al.,
1997). In our study, the infants’ non-verbal cuesevmostly positive, intake was good and it
is difficult to imagine how mothers could have ughced such responses. The degree of
liking of the porridges was read by the primaryeggwer from non-verbal cues exhibited by
the toddler during feeding. The indirect approa€luging non-verbal cues as indicators of
acceptance by infants and young children has beed before by researchers (Mennella &
Bauchamp, 1997; Birch, 1992; Ashbrook & Doyle, 198% Melcer 1997), and it is the
practice of choice in the baby-food industry (Kevir®95; Neumann et al., 2002). Many
variables (other than sensory variables) affecsaorer behaviour. It is speculated, however,

that the respective weights of these non-sensoogt{gncognitive or psychological) variables
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in decisions to consume must be much lower fomitsf@nd young children than they are for
adults, simply because the former are not awamnagt of them (Bovell-Benjamin et al.,
1999). The influence of food security on acceptability esssnent was equally distributed

across the groups by randomization at recruitment.

3.5 Conclusion
All three foods are acceptable to the target pdmavith no adverse effects and may be
developed further and be used for efficacy triadspite the differences, it is important to

notice all the foods score reasonably high in tiemeters tested.
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ABSTRACT

Objective: To determine the nutritional status of infants godng children 6-24 months of
age in an area in rural Western Kenya.

Design Cross sectional survey.

Setting: A rural community in Western Kenya, approximatel25 km North-West of
Nairobi with high malaria prevalence40%), a high prevalence of human immunodeficiency
virus (7.5%) , and high infant and under-five mitya (176/1,000 and 259/1,000)
respectively.

Methods: A random sample of 618 children-caregivers pagieced from the catchment
areas of Lusheya, Khaunga and Makunga health tfasilin Mumias Sub-county of
Kakamega County. Anthropometric, current food anttient intake and morbidity data were
collected using standard procedures.

Results: Anthropometric indices are presented for 614 caiidcollected during the survey.
The prevalence of stunting (Z-scores for heightefge [HAZ] <-2), wasting (Z-scores for
weight-for-height [WHZ] <-2) and underweight (Z-ses for weight-for-age [WAZ] <-2)
was 35.7%, 4.1%, and 13.4%, respectively. About 88#re breastfeeding while
complementary feeding was introduced at mean age3.8{SD0.3) months. Solid
complementary foods used mirrored the family digha time. Fruits were rarely consumed.
The energy intake from the traditional complemgnt@mods were 1.8+0.5, 2.2+0.4 and
2.6x0.8 MJ/day for age ranges 6-8, 9-11 and 12-D8iths respectively. The daily iron,
calcium, zinc and Vitamin A intake from the complkamary foods was 0.4+0.2 mg,
130.0+90.0mg, 2.0+0.6 mg and 205.1+100.0 pug reedyet About 48% of the children had
experienced moderate illness that required treatmdnle about 30% had experienced
watery loose diarrhoea with 53% experiencing bottoagh and a fever within the same
period. WAZ was significantly predicted by the ag®rital status and education level of the
caregivers (P= 0.001, 0.003 and 0.003 respectiwehyle HAZ was significantly predicted
by education level of the caregiver (P=0.005). H&®l WAZ deficits increased rapidly in
children already at 6 to 18 months old and weratgst in children18-23 months old. Mean
HAZ and WAZ stabilized towards 24 months of age tarhained substantially below the
reference median with no evidence of catch-up growt

Conclusions: Malnutrition is highly prevalent. Complementaryefiing is sub-optimal.
Marital status, education level and age of the giges significantly predict the nutritional
status of the children in the study population. @ivboth the acute and long-term
consequences of malnutrition in this vulnerable ggmip, community-based interventions
aimed at reducing child malnutrition in such popiolas should focus on all children less
than two years of age and especially from housshelibse caregivers are young, have low
education attainment and are single.Nutrition etiocaand food intervention strategies
should be put in place to address the high prevat@mutrition.

Keywords: Malnutrition, Stunting, Resource limited setting, Western Kenya
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4.1 INTRODUCTION

Despite the envisaged decline in global trendscoteamalnutrition, the figures remain
alarmingly high with about 25% of children undevefiyears still stunted in 2012 (WHO,
2012). A decade ago, the United Nations Administeat Committee on
Coordination/Standing Committee on Nutrition (ACCI$) observed that malnutrition was
still unacceptably high and progress to reduce inbst regions of the world was slow with
approximately 27% of children estimated to be unegght (ACC/SCN, 2004). While the
overall trend in nutritional status in developinguatries over the last 30 years has improved
and is expected to continue, Eastern Africa (Keingbuded) is one of the regions where the
trend has been in the opposite direction (Kwera.e2003; KDHS, 2008-09).

In Kenya, the prevalence of stunted and underweigidren remained stable throughout
the 1990s, as did the gross national product pgitacavhile the under fives five mortality
rate increased slightly from 105/1,000 to 112/1,§BCC/SCN, 2004). According to the
Kenya Demographic Health Survey (KDHS) 2008-09iamatly, 35% of children under five
are stunted, 16% are underweight and 7% are waAtadng the stunted, 14% are severely
stunted with stunting highest (46%) among childaged 18-23 months and lowest (11%) in
children age less than 6 months. Severe stuntiogsla similar trend, where children aged
18-23 months have the highest proportion of sestuating (22%) and those less than 6
months have the lowest proportion (4%). A highaportion (37%) of male children under
five years are stunted compared with 33% of fenchliédren with an inverse relationship
between the length of the preceding birth interadl the proportion of children who are
stunted. The KDHS further estimates the prevaleficealnutrition in children less than five
years of age showing a large variation by provime#iecting the considerable variability in
environmental and socioeconomic risk factors. Thesgmates were approximately 28%

(stunting), 15% (underweight), and 3% (wasting)tfee former Western Province in Kenya.
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It is unknown whether these statistics apply cutyeto the study area in Mumias Sub-
county. This poor rural area located in Kakamegair®o in Western Kenya has intense
malaria transmission estimated>a#0% (Noor et al., 2009) and a human immunodefayen
virus (HIV) prevalence of 7.5% (Kenya Aids lindioatSurvey (KAIS), 2007). Both malaria
and HIV are perceived as the main contributorsht® \ery high infant and less than five
mortality (176/1,000 and 259/1,000) respectiveljoli is considerably higher than in other
parts of Kenya (KAIS, 2007; KDHS, 2008-09; Noolaét 2009).

Public perception assumes that children in thia are prone to malnutrition but no area
specific data is available to support this or tckenaomparisons with other populations. The
cross sectional survey aimed to establish the preyanutritional status (weight, height and
MUAC), morbidity and food intake of infants and ymuchildren 6-24 months of age in the
area. Currently, DHS and the UNICEF-supported Mtétindicator Cluster Surveys (MICS)
programmes include around 15,000 and 10,000 holdsehorespectively
(Hancioglu and Arnold, 2013). This sample sizeuffisient to produce statistically reliable
estimates of most indicators at the national, urbamal, and regional levels, but not at lower
administrative levels, such as districts, slumg| small population groups as is the case in
the study area (Hancioglu and Arnold, 2013). Theeltarea being a sugarcane farming zone
tends to have a small population group whose cleratics cannot be lumped with the
general cluster characteristics. Moreover, theneceop failure following the recent maize
streak virus attack of 2012 (Ministry of Agriculeyr2013), improvement in PMTCT and
other health systems management structures (KAI®7)2among other changes are likely to
have altered the figures as reported in KDHS 20®&ifice it has been four years since the
last KDHS data were collected and the DHS doegivettrends but rather point in time data

thus justifying this specific study.
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42 METHODS
4.2.1 Study site and participants

Details of the study site and methods have beearithesl in details by Konyole et al.,
(2012). Briefly, the study site was in Mumias Swlwaty of Kakamega County in Western
Kenya in thre health facilities namely Makunga,Lexh and Khaunga. The population is
ethnically homogeneous except in Mumias town whmeause of the sugar milling factory
and other socio-economic activities other ethnisugs have been attracted as traders and
labourers. More than 90% of the population are mambf the Wanga sub-tribe of the larger
Luhya tribe. Introduction of solid and liquid foodther than breastmilk occurs in about 88%
of the children by 4 months (Mbagaya, 2009). Malaransmission is intense and occurs
throughout the year at 40 % (Noor et al., 2009; KDHS, 2008-09) with thevalence of
HIV among pregnant women in this community being?@.(NASCOP/MoH, 2006; NACC,

2009).

4.2.2 Participants recruitment and measurements

A cross sectional survey was conducted between Mbge and December 2011 in the
catchment areas of Khaunga, Lusheya and Makundth Heailities. All infants from the age
of 6-24 months of age were targeted. Mothers-isfdat 6 months) pairs were recruited in
the study as they came to the child welfare clificsdiphtheria, pertussis (whooping cough)
and tetanus (DPT; also DTP and DTwP) or oral p@id other vaccinations from 6 months
of age onwards. The main study outcomes were: weitdngth, mid upper arm
circumference (MUAC), Skinfolds measurements (idolg triceps skinfold, subscapular
skinfold, suprailiac skinfold, biceps skinfold,) nbadity prevalence and 24 hour dietary

maternal recall.
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4.2.2.1Inclusion criteria

The infants had to be free of any evidence of derdisease and must have weighed at
least 25009 at birth. Children had to possess: WH3, a MUAC >115 mm, no bilateral
pitting oedema, anaemia (Hb> 80 g/L) nor clinidghs of vitamin A deficiency (xerosis or
Bitot spots)
4.2.2.2Exclusion criteria

Children with WHZ < -3, a MUAC <115 mm, and/or héaal pitting oedema, or with
anaemia (Hb< 80 g/L) or clinical signs of vitamind&ficiency (xerosis or Bitot spots) were
excluded and referred for treatment at the pargehealth facilities. Those with chronic
illness requiring medication, genetic disordererifgring with normal growth and twins were
also excluded, and referred for care by qualifiextliiwal personnel.

Anthropometric measurements were taken by 2 tra@rsststants whose techniques were
standardized according to World Health OrganizaifdrHO) procedures on a purposive
sample of 600 infants (UN, 1986). Briefly, nude glai was measured to the nearest 100
grams using a 25kg+100g hanging weighing scale (QM&ghing Equipment, London,
United Kingdom) which was calibrated daily. Recumidength (children less than two years
old) was measured to the nearest 0.1 cm using woodaeasuring boards. Triceps and
subscapular skinfold-thickness measurements wéentan the left side to the nearest 0.1
mm by using Holtain skinfold calipers (Crymych, téd Kingdom), and midupper arm and
head circumferences were measured to the neaflestrOby using an insertion tape. Current
food and nutrient intake data were collected base@4 hour recall technique as detailed in
Gibson and Ferguson (1999 and 2008) while morbimig collected by maternal recall in
the past week before the study as detailed in Laeteal. (1999). Measurements were
completed at Maternal and Child Health centers whethers reported with their infants for

the regular monthly growth monitoring.
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4.2.3 Data management

Prior to the fieldwork, all field assistants wermimed on the standard operating
procedures (SOP) such as anthropometric measurg@eaing others until they were able to
correctly carry them out. The study questionnaivese also pretested to ensure quality. Case
record forms were checked daily and data enteréd @& computer within 2 weeks.
Quantitative data were double entered using WHhANY3.2.2 (WHO, 2009).
4.2.4 Dataanalysis

The Z-scores for length/height-for-age (L/HAZ), glei-for-age (WAZ), and weight-for-
height/length (WH/LZ) were calculated using refaremata from the WHO (2006) in WHO
Anthro v3.2.2. Frequencies, means and median vawe® calculated using SP%S
software version 19 (Chicago, lllinois, USA). Stagt underweight and wasting were
defined as LAZ, WAZ and WLZ respectively, < -2 ddard deviations of the WHO reference
standards (WHO, 2008). Moderate-to-severe and sawainutrition in infants were defined
as MUAC < 12,5 cm and MUAC < 115 mm, respectiveBGogill, 2003). 24 hr recall
datawere analysed to generate the most commonisuowed foods by the children where
possible. Dietary intake and morbidity data weralgsed as detailed in Lartey et al. (1999).
Briefly, the dietary data were used to calculat dhaily intake of energy, food solids, iron,
zinc, calcium and Vitamin A of traditionally usedolds based on a Kenyan and regional food
composition tables (Sehmi, 1993; Calloway et aBP4t9 ukmaniji et al., 2008) using Food
Processor PIJ¥ software (ESHA Research, Salem, OR, USA) as eéetail Lartey et al.
(1999). The midupper arm fat area (MAFA) and midermparm muscle area (MAMA) were

calculated by using the followingguations 4-1 and 4-&dapted from Lartey et al. (1999).

MAFA = (TSF x MUAC)/2 - [rt X (TSF)%/4 .......... (Equation 4-1)
MAMA = [MUAC- ( t X TSF)] 4% ..o, (Equation 4-2)

Where TSF is triceps skinfold thickness (mm) areB.14
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4.2.5 Permission and consent

The study was reviewed and approved by the Kenydt#gonal Hospital-University of
Nairobi ethics review committee (KNH-UON ERC-P438/2010). Permission to conduct
the study was obtained from the Mumias districtlthemmanagement board and team. The
local administration also granted permission toycaut the study. Written informed consent
was obtained from caregivers for each individuattip@ant. The mothers were free to
withdraw from the study anytime they wished.
43 RESULTS

A total of 618 infants and children 6-24months wldre included in the cross sectional
survey. Current food and nutrient intake data veatected based on 24 hour maternal recall
technique in a random sub-sample of 84 (27 eatlusmeya and Khaunga; 30 in Makunga)
I'YC with emphasis on micronutrient-rich foodstufisch as meat, liver, eggs, etc. A further
random sub-sample of 160 participants was takesKmfold measurement (59 Lusheya, 48
Khaunga and 53 Makunga). Of the 618 children, tvesenexcluded because they were over
the maximum age limit. Anthropometric data were simg for two other children. The
characteristics of the remaining 614 children (vatHeast one anthropometric observation)
are shown inTable 4-1 The children were also examined for thin flakynslexture, visible

severe wasting, light thin hair colour and bipemdema.

4.3.1 Socio-demographic data

A majority (96.3%) of the caregivers were mothershte IYC. Christianity was the main
faith (about 83%) practiced by the study populatéord the main source of income was
farming at 52.4%. The mean age for the caregivexrs 26+7 years while the mean age for
I'YC was about 13.5+5.3 months old. There were 52&tennfants in the study while the
presence of the clinic card was taken as a prodicator of immunization coverage which

was at 90.9%. A majority of the caregivers had ardynpleted primary level of education
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(54.5%) while another 19.4% were neither able &mneor write (illiterate). Most households

(83%) obtained water for domestic use from untiataurcesTable 4-).

Table 4-1: Socio demographics characteristics of éhstudy participants

Characteristic Mean (SD)/Percent
Age of caregivers (Mean, SD) years 26.5+7.3
Number of people in the households (Mean, 5.542.(

Sex of Main caregiver, Fem: 98.9%

Marital status of main caregiver
Married 90.2%
Widowed 2.1%
Single 6.0%
Separated 1.6%
Relation of main caregiver to infant
Mother 96.3%
Grand mothe 2.9%
Religior
Christiar 82.8%
Indigenous churches 1.6%
Muslim 9.8%
Others 5.9%
Main source of income
Farming 52.4%
Self employed 29.0%
Salaried employment  8.8%
Remittanc 4.6%
Other: 5.2%

Presence of clinic card(growth monitorir 90.9%

Age of infants (Mean, SD),months 13.5+5.3
Age of introducing other foods, (Mean, SD), months 3.8+2.2
Infant birth order (Mean, SD), 3.1+1.9
Sex of infants, Male 52%

4.3.2 Anthropometric measurements

The mean weight, height and MUAC were 9.0£1.6 K8 5#5.8 cm and 14.5+1.9 cm
respectively. The average head circumference wasta3.cm. Weight, Height, MUAC and
head circumference were significantly differentvietn boys and girls (p=0.02, 0.02, 0.03
and <0.001) respectively. Mid-upper arm fat areanfjnand Mid-upper arm muscle area
(mn?) were 497.3 + 98.7 and 1453.1 + 141.1 respectivahd like the skinfolds
measurements, were insignificantly different (p&).®@etween boys and girl§.able 4-2

shows the anthropometric measurements by sex aitidy population.
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Table 4-2: Anthropometric measurements by sex of #hstudy population (MeantSD)

Sex Weight Length MUAC Head Triceps  Biceps Subscapula Supriliac
(kg) (cm) (cm) Circumferen  (mm) (mm) r (mm)
ce (mm)
(cm)
N=611 N=61z2 N=614 N=61: N=16C N=161 N=16C N=16C
Male n 317 318 319 319 87 88 87 87
9.241.% 74.045.¢  14.742.2 46.1+2.. 7.442.€ 5.8+2.¢ 6.6+1.7 7.0£2.¢
Female n 294 294 29t 294 73 73 73 73
8.8+1.F 729457  14.3+1.C 45.142.( 7.4+1.¢ 5.4+1.¢ 6.9+1.7 6.8+2.4
P-Value 0.002 0.019 0.027 <0.001 0.891 0.355 0.172 0.760

The prevalence of underweight, stunting and wadtigether with the mean Z-scores for

weight-for-Age (WAZ), height-for-age (HAZ) and wéigfor-height (WHZ) for this

population are shown ifable 4-3 The overall prevalence of underweight was lowhaiigh

not significant, the prevalence of underweight dedln the 12-23 month age group from

2.5% to 5.4% and remained nearly the same theredite percentage of stunted children

increased as the age increased as was with wasihmgye was a significant difference

between boys and girls for WAZ and LAZ as the ageseased (P=0.001 and <0.001

respectively). The mean (SD) combined WAZ, HAZ ali#iZ for the whole group were -

0.62+1.30,-1.02+1.63,-0.10+2.6 respectively.

Table 4-3: Prevalence of underweight, stunting an@asting among the children

Age n Underw WAZ(SD) Stunting HAZ(SD) Wasting WHZ(SD)
group(mo) eight (%) (%)

(%)
6-8 122 25 -0.36+1.26 8.3 -0.41+ 1.63 0.8 -0.0881
9-11 123 54 -0.5%1.3€ 11.4 -1.14+1.7C 1.1 -0.01+ 1.24
12-23 36¢ 55 -0.8tt1.2€ 16.: -1.44+ 1.5€ 3.C -0.1¢+ 1.3¢
Total 614 13.4 36 4.9

Figure 4-1shows the mean Z scores by age of the study ptgrulat around 6 months,

the weighted mean HAZ and WAZ were just below WHerence median (WHO, 2006).

There is however a subsequent sharp decrease m Zageores that continued until the age
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of approximately 18 months after which the decreslseved down and the mean Z-scores
levelled off, running parallel to, but substanyabelow, the reference line. A similar pattern
was seen for weight-for-height, with the exceptibat the mean Z-score values stabilized
around the reference median.

The prevalence of stunting was 35.7% overall armveld a downward trend already at
the age of six months onwards, peaking in the 18n@dth-old age group. The overall
prevalence of underweight was 13.4% and showedmdasi age-related pattern to that
observed for stunting. Severe wasting was rare (WHZ) and may have been also due to
the inclusion criteria for the survey. WAZ was sfgrantly predicted by the age, marital
status and education level of the caregivers (P91).0.003 and 0.003 respectively) while

HAZ was significantly predicted by education lewékhe caregiver (P=0.005)

0.5

-0.5

NMean Z-Score

1.5 e ....... HAZ

|
=]

-2.5

6 v & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Age (Months)

Figure 4-1: Mean Z-scores by age; weight-for height; weightdge; height-for-age. The horizontal line at the
Z-score value of 0 represents the median Z-scotieeofeference population. The World Health Orgatidn,
2006 reference was used to calculate the Z-scores.

4.3.3 Complementary feeding practises

Although 83.6% were still breastfeeding at the tiohéhe survey, complementary feeding
was introduced at an average of 3.8 (SD 0.3) mothmng those that had introduced other
milks apart from breastmilk, 98% used cow milk d® talternative. Commercial
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complementary foods were rarely used at only 2.4%ia all the cases it was provided by
the health facility for the infant. Most mothers5(8%) introduced complementary foods
mainly in form of porridge from the local cerealmdinly maize) and legumes-either used
singly or blended in no specific ratio, with a feases giving milk, milk tea and black tea,
soups (either vegetable or fish-maidiggadmeat/eggs) and piecesugali, cooked bananas

and rice. Sugar and oil/fat were widely reportecbagthe ingredients used in preparing the
complementary foods. In many cases (64.3%), othlat Bbods used seemed to mirror whole
family diet at the time. Fruits were rarely (17.829nsumed by the children while kales,
cabbage, pumpkin leaves and cowpeas leaves mixbdnwendawere the main vegetables

consumed.

4.3.4 Dietaryintake

The energy intake from the traditional complemenfaonds were 1.8+0.5, 2.2+0.4 and
2.61£0.8 MJ/day for age ranges 6-8, 9-11 and 12-b8&ths respectively. The energy intake
from breastmilk has been given as 1.7, 1.6 andMJ#&lay respectively by Dewey and
Brown, (2003) for the same age ranges. Taking tleeage iron absorption from non-breast
milk to be 4.2% from the range given (Lynch andlt8fos, 2003; Cook et al., 1997) of 2.4-
6% for iron absorption for maize-based meals, thiéydron, calcium and zinc intake from
the complementary foods were 0.4+0.2 mg, 130.0+80d 2.0+0.6 mg respectively for the
age range 6-18 months. Vitamin A intake was 205001 pg per day for the same age

range.

4.3.5 Morbidity
In the week prior to the survey, 48.3% of the af@fdhad experienced moderate illness
that required drugs or visits to the clinic to serurse as reported by the caregivers. About

30% had experienced watery loose diarrhoea with 88periencing both a cough and a fever
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within the same recall period. There were no ca$dhin flaky skin texture, visible severe

wasting, light thin hair colour or bipedal oedema.

4.4 DISCUSSIONS AND CONCLUSION

This study set out to determine the prevalence alnuatrition in the resource limited
malaria endemic Kakamega Sub-county region of Weskenya. About a third of the
infants and young children 6-24 months of age vaomted, about one tenth underweight
and one in twenty were wasted. The levels of penads are considered high as per the
WHO 2006 classification of worldwide prevalence gas for the levels of stunting and
underweight. This is however a slight improvemeatrf the situation 10 years before when a
study found up to 44.7% of preschool children weented, 10.4% were wasted and 27%
were under-weight in the same Sub County (Mbagayh,e2004). According to Mbagaya et
al. (2004), stunting was more prevalent (26.1%) ragnohildren from households whose
main enterprise was sugarcane farming and where owerrolled income from this
enterprise. Households keeping dairy cattle asiaddi farming activities had lower stunting
prevalence among children and were better off irms$eof food security, increased milk
consumption and improved nutritional status esplgctd the young children (Mbagaya et
al., 2004). This could have been due to an enhadidry intake measured by a diversity
score of 6 compared 4 in those households withwutiairy animals.

As observed globally, there was doubling in premaé of stunting from the first to the
second year of life in these children. Moreovee, pinevalence of 4.1% for wasting in the 12-
24 months age group should serve as a warningasighe WHO recommends a prevalence
of more than 4% wasting in children under five éodonsidered high (De Onis et al., 1993).

The prevalence estimates are comparable with 200BRMHS for the counties in the
region (KDHS, 2008-09). The similarity in the agstprn of the HAZ and WAZ, and the low

prevalence of wasting, suggest that deficits ingivefor-age, which is influenced by both
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acute and long term processes, were more closkdiedeto long-term processes. The Z-
scores were however decreasing already at 6 mamtiscontinued to decrease until they
reached their nadir at approximately 18-22 montid @mained low until the age of 24
months. This age pattern in mean Z-scores is stamiwith other reports from sub-Saharan
Africa (WHO, 2012) and could have been due to nmaidoetal factors. Analysis of the
distribution curves for the HAZ and WAZ illustrateal downward shift of the entire
distribution curve; i.e. the impact on protein eyemnutritional status was a generalized
phenomenon and was not restricted to children sk, hbut also included children not
classified as malnourished. Stunting is a meastrdormg term deficiencies indicating
previous or ongoing nutritional deficiencies (Broenal., 1995; Hodge et al., 1991; WHO,
2006). This increased prevalence persisted thratighe age range studied. Martorell (1990)
argues that once present, stunting remains foaiiféthat there is no catch-up growth. This is
supported by Schroeder (1995) and the WHO (2008) the first 2 years of life identified as
the “window of opportunity” for catch up growth @Hirst 1000 days). If stunting is not
reversed it will lock children in a lower growthajectory with a lower potential for future
growth (Martorell, 1995; Grantham-McGregor et al996; WHO, 2008). Hence the
importance of addressing nutritional deficiencies aery young age (Castello, 1989). This
suggests that most children did not reach their imam growth potential and that
interventions should be directed at all childrenhia age range at risk, not just those already
considered malnourished. It also suggests that rdesaores, rather than the prevalence of
stunting or being underweight, should be the pnmemd points to assess the efficacy of
population based interventions.

The high prevalence of stunting reflects the commpsed overall health in this
population, which is consistent with its very higifant and under five mortality rates

(McElroy et al., 2001). There is a strong assocmatetween the severity of weight-for-age
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deficits and mortality rates, but even mild malitign, which is much more common,
augments case-fatality rates of disease. This gismrhas been found to be strongest in
populations with high morbidity and malnutritione(Retier et al., 1993; Lartey et al., 1999).
Although determination of the main causal factansstunting and underweight was beyond
the scope of this work, it was noted that the tinaene of the greatest decrease in mean Z-
scores found in this study (6-18 months of agenades with the time of weaning (83% by
4 months of age), as well as that of the peak buodemalaria morbidity and mortality in a
nearly similar population (Aidoo et al., 2002; Naral., 2009) and overlaps with the highest
risk period for iron deficiency (Hallberg, 2001).

This study thus demonstrates a high overall prexaleof stunting and underweight in
this poor rural area with intense malaria transmrssAlthough there could have been
seasonal variation influence and especially bectusestudy population was not randomly
obtained, one could argue that the most probablesecdor these deficiencies would be
explained by undesirable feeding practices duririgricy and early childhood as observed
from the energy and key nutrients intake data. dltfh majority of mothers in this area
encouraged breastfeeding, additional milk feedssatid foods were introduced at an early
age as also confirmed in other studies in the samm& (Mbagaya, 2009). In this community
the first food given to infants is usually maizeaheorridge as in other resource similar
communities (Faber et al., 1997) which containglé@ugate energy and micronutrients if used
on its own and given that children consumed a édhivariety of foods, this needs to be
addressed.

The contributing role of diarrhoea to malnutritishould not be underestimated. From
this study up to 30% experienced watery diarrhoghinvthe week of the study. The water
for household use is collected from the unproteciedams, rivers and untreated shallow

wells. This makes the water a potential health thggven that very few mothers treated
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water before use increasing the risk of diarrhdgam information gathered during the
survey it was clear that the treatment of diarrheges also not sufficient as only 48.3%
combined seeked treatment of all illnesses expeswith 30% having watery diarrhoes
within the same period. This is a poor communitg arothers have a low educational level,
both major determinants of malnutrition (Tongletaét 1992; Ngare and Muttunga, 1999).
This emphasises the need to prevent severe stuamithdgts associated consequences. Given
both the acute and long-term consequences of midilomitin this vulnerable age group,
community-based interventions such as complemeifiégging education aimed at reducing
child malnutrition in such populations should foarsall children less than two years of age.
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ABSTRACT

Background: Traditional complementary foods mainly based oplstaereal-legume blends
and served mainly as gruels are used as the prictanplementary food in Kenya. Due to
low energy and nutrient density of the gruels thegve been implicated in the high
prevalence of child malnutrition. Corn Soy Blendupl(CSB+), a cereal-legume blend
developed by the World Food Program has been pexiraxd an alternative in food insecure
populations as a supplement for children with matieacute malnutrition without evidence
that it works. Animal source foods (ASFs) improve thioavailability of nutrients from
complementary foods. Since ASFs like meat are esipenalternative sources as edible
termites andlagaasmall fish can be cheaper and more accessibleu$efsl in addressing
undernutrition.

Objective: To assess the effect of CSB+ and 2 locally fornedlaand improved based on
edible termites anddagaa small fish and multi-nutrient fortified centrallprocessed
complementary foods on the length and weight ghinfants and young children in resource
limited setting,Western Kenya.

Design: Infants were randomly assigned to receive from @on® months of age 1 of the 3
study foods as: 50 g/d for 6-8 months old, 75 gfd9%11 months old and 125 g/d for 12-15
months old. The foods were: WINFOOD Classic (WFGhwedible termites (10%) and
dagaa small fish (3%); WINFOOD Lite (WFL) with vitamingnd minerals premix and
CSB+. Dietary and morbidity data based on matereedll and anthropometric data were
collected monthly.

Results: Over 98% of the children were still breastfeedingéamonths of age although
complementary foods were already introduced arcumdean age of 3.5(SD 3.0) months.
The mean length of the infants at 6 months of age 66.9 (SD 2.9) cm, 65.3(SD 2.8) and
65.1 (SD 3.0) for infants in the WFC, CSB+ and Wigspectively (p=0.05). The mean
length gain between 6 and 15 months was 9.5 (Spc249.8 (SD 2.0) cm and 9.7 (SD 2.2)
cm in WFC, CSB+ and WFL groups, respectively (p.39). The difference in length were
however not significant at 15 months (p= 0.09). rEherere no significant differences in
weight among the groups at 6 and 15 months (p 5)0.3

The energy intakes at 6 months were 380.0+£75.5,0336.2 and 351.0+52.0 kcal for WFC,
CSB+ and WFL respectively (p=0.61). At 15 monthe #nergy intake was 465.1+33.8,
427.0+£35.4 and 410.0+23.7 kcal respectively (p=p.&oughing, audible wheezing and
running nose were significant across all the foomugs in the first 2 months (p=0.02, 0.01
and 0.01 respectively). Only a small proportionnabthers fully adhered to WINFOOD
regimen across all three arms (14.8% - 19.4%).

Conclusions:All the 3 improved complementary foods improvedvgito with no significant
difference between the foods.
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51 INTRODUCTION

Malnourished children have poor cognitive perforoethat ultimately compromise their
ability and overall development resulting in loss physical productivity and loss of
resources from increased healthcare costs (Staah,2010; Kuzawa et al., 2012; Carba et
al., 2009; Hoddinott et al., 2008; World Bank, 2OReaching an acceptable nutritional
status is a fundamental prerequisite to improveational attainment (MDG 2) (World Bank
2006; Stein 2008; Martorell 2010; Waage 2010) antkrventions aiming at reducing
malnutrition have the potential to reduce povertg to develop national economies (MDG1)
(World Bank, 2006; Waage, 2010; UNICEF, 2013).

More than 2.5 billion people in Africa and Asia @adects and collecting edible insects
for human and livestock feeding is a potential meogenerating activity in the rural areas
(FAO, 2010). Edible insects are highly nutritiousdaare increasingly becoming a healthy
food source with high fat, protein, vitamin, fibeed mineral content comparing well with
other forms of protein such as beef, fish and pp@uinn, 1959; Dufour, 1987; Gullan and
Cranston, 2000)lables 5-1 and 5-8how the proximate composition and the mineratexn
respectively of some species of edible termitesnfrd/estern Kenya. There is also a
relatively small ecological footprint of farmingsacts compared with farming conventional
livestock (Oonincx et al., 2010; Oonincx and de B@012).

In Kenya, almost all the edible insects are traddily collected from their habitat in the
forests using traditional methods and one mostosedly collected edible insect in Western
Kenya is termites (Ayieko, 2007; Ayieko et al., PQ1Abila et al 2003 reports thatlagad
has been consumed as a source of protein amotaytrend medium income fish consumers
in Kenya since many local people can afford to ugl VEMP, 2005). Between 89-95

percent of rural households consunhegaa (Abila and Jansen, 1997; Abila et al., 1998)
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mainly as an important source of animal proteithieir diet (Abila, 2003). Its high protein
content and the mineral rich skeleton compositrapartant especially those likely to be in
danger of facing micronutients malnutrition (Bidé al., 2006). Given that edible insects and
dagaahave high quality proteins, minerals and even padaturated fatty acids among other
nutrients (Van Huis et al.,, 2013; Rumpold and S&hlii2013; Kinyuru et al., 2013),
incorporating them in complementary foods for 1Y@l Wwe of interest due to the increasing

interest in insects as alternative animal sourod$aspecially in resource limited settings.

Table 5-1: Proximate composition of the edible wined termites (g/100 g). Adapted from Kinyuru et al,
2013

Dietary Available
Termite Moisture Protein Fat Total AsH fibret Carbohydratk
Macrotermes subylanudewinged 6.50+0.02 39.34+0.12 4482 +2.89 87430.05 6.37+1.18 1.89 +0.76
Pseudocanthotermes militaridewinged 5.04+0.15 33.51+0.85 46.59 +£2.13 84830.06 6.59+0.07 8.73+1.87
Macrotermes bellicosyslewinged 5.13+0.18 39.74+0.61 47.03+1.04 5460.09 6.21+2.04 2.37 +0.98

P seudocanthotermes spini; dewinges 8.76 £1.6. 37.54 +0.1 47.31+0.1 722 £0.3( 7.21+0.4 0.72 £0.0.

Values are mean + SD=6
values are on dry weight basis

Table 5-2: Mineral composition of the edible wingedermites (mg/100 g). Adapted from Kinyuru et al,
2013

Termite Calcium Iron Zinc

Macrotermes subylanus; dewinged 58.72 £ 1.29 58.B36 8.10 £ 2.80
Pseudocanthotermes militaris; dewinged 48.31+7.0960.29 +1.11 12.86 £ 0.92
Macrotermes bellicosus; dewinged 63.60 £ 6.53 11%.9.46 10.76 £ 1.93
Pseudocanthotermes spiniger; dewinged 42.89 + 1.7564.77 + 2.66 7.10+1.82

Values are mean £ SD on dry weight basis; n = 6

In Kenya, the traditional complementary foods asemy from the staple cereal-legumes
blends whose availability, minimal cost, and eatgreparation make them the preferred
complementary food for the majority (Mbagaya, 200Epwever, like many traditional
complementary foods in developing countries, theyehlow energy and nutrient density and
have been implicated in the development of IYC maltion since starch-based

complementary feeding provides inadequate proteshraicronutrients (WHO, 2008).
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In an effort to improve the management of acutenotakion, currently the WFP is
advocating for use of Corn Soy Blend plus (CSB+)eseal-legume blend of corn and
soybeans with a pre-mix of micronutrients added,amsalternative and especially as a
supplementary food paricularly for children with dewate acute malnutrition. Although
CSB+ is an improvement over the traditional comm@atary foods with respect to its energy
and protein density, it has high phytate and fimartents (estimated phytate-iron and phytate
zinc molar ratios of 7.3 and 17, respectively), ethimay impair iron and zinc absorption
(Gillooly et al., 1993). Moreover its efficacy hast been tested before. In addition, it is low
in protein of high quality-mostly the animal soufoeds (ASFs). Inadequate complementary
feeding leads to stunting of linear growth and léexgn health consequences with prevalence
of stunting at 18 months at about 35% (KDHS, 200840 Kenya. Traditional ASFs are
expensive therefore a novel substitute can be ditf#eetermites that are already a staple in
the diet in Western Kenya and almost all in theytaion consume edible termites including
children. This study therefore aimed to assespathential of using edible termites addgaa
to improve the nutrition composition in complemewtdoods thus improve growth of

Kenyan infants 6-15 months of age.

5.2 MATERIALSAND METHODS

521 Study site

The study was based at the Child Welfare Clinicé/estern Kenya, Mumias Sub-county
of Kakamega County in three health facilities nagmdiakunga, Khaunga and Lusheya as
detailed in Konyole et al. (2012). Briefly, the dyusites were chosen since they constitute
resource limited settings and the food ingrediersisd to prepare the complementary foods

are already widely consumed in the locality.
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5.2.2 The study participants and recruitment

All infants from the age of 6 months of age wergible to be included in the study and
those included were supplied with the improved cementary foods for 9 months until they
were 15 months of age. Mothers and infants ( 6 hwotd) pairs were recruited in the study
as they came to Child welfare clinics at Khaungakihga and Lusheya for diphtheria,
whooping cough and tetanus vaccination.
Theinclusion criteria for infants at 6 months were for mothers acceping ready to:
1) Prepare and feed their infants with the improvedmementary foods and CSB+
2) Stay in the study area for the next 9 months
3) Consent to participation
Twins were recruited into the study if both weralkiey and randomized to receive the same
intervention to avoid contamination that could hesesulted from confusing the foods during
feeding and sharing.
All infants had to weigh at least 25009 at birtld &save MUAC>11.5 cm and WHZ>-3.
Exclusion criteria

Children with WHZ < -3, MUAC <11.5 cm, and/or biaal pitting oedema, or with
anaemia (Hb< 80 g/L) or clinical signs of vitamind&ficiency (xerosis or Bitot spots) were
excluded and referred for treatment. Infants witiroaic illness requiring medication,
genetic disorders interfering with normal growthrevelso excluded, and given CSB+ as
substitute together with referral for care by dfigdi medical personnel.
523 Study Design

This was a community-based double blind randomi&l in which infants were
individually randomized in 6 blocks at 6 monthsagfe to receive one of the three study

foods, namely: WFC, WFL or CSB+ for 9 months froamdary 2012 to January 2013. The
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study was designed to assess the effects of imgrovenplementary foods on growth in
children 6 to 15 months old.
5.2.4 Theintervention

5.2.4.1Description of Foods

Details of recipe formulation, acceptability ande$gp of the study foods are discussed
elsewhere (Konyole et al., 2012; Kinyuru, 2012).eTbomplementary foods were all
acceptable and were industrially processed by sxinucooking at the Kenya Industrial
Research and Development Institute (KIRDI), Nairabid packed in opaque food grade
plastic containers labelled with computer generaéediom numbers corresponding to WFL,
WFC and CSB+. Two types of complementary foods (WWDOD Classic” (WFC) and
“WINFOOD Lite” (WFL)) based on grain amaranth anéire had been developed. WFC
had edible termites (10%) anldgaa(3%) which are rich sources of iron and zinc (Kinyu
et al, 2013; Van Huis et al.,, 2013) with the gera&u grain amaranth to enhance
micronutrients bioavailability (Kinyuru, 2012). WFHid not contain the ASFs but the
micronutrients bioavailability was enhanced by geating the grain amaranth and fortified
with micronutrients (vitamins and minerals premat)the same rate as CSB+ (WFP, 2010).
The minerals and vitamin premix and tricalcium piiegte were added to the blends (where
applicable) after extrusion cooking to avoid vitanhbsses at high processing temperatures.
Table 5-3shows the formulations of the study foods (WFC,\Ménd CSB+ respectively)

while Table 5-4shows the theoretical nutrients composition offadl foods.

Table 5-3: Formulations for WFC, WFL and CSB+- per@ntage (w/w)

Germinated Whole Dagaa Soybean Premix  Premix Whole
amaranth maize fish Termite oil Sugar 1* 2%* soybean
WFC 71.00 10.40 3.00 10.00 0.60 5.00 0.00 0.00 0.00
WFL 82.52 10.22 0.00 0.00 0.59 491 0.20 1.56 0.00
CSB+ 0.0C 74.2¢ 0.0C 0.0C 0.0C 5.0C 0.2C 1.5€ 19.0C
*Mineral/vitamin premix- FBF-V-10 **Mono-calcium phosphate and Potassium chlc
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Table 5-4: Nutrient composition of WFC, WFL& CSB+ per 100g of dry weight

Moisture Energy Protein Fat Fe Zn Ca
0/100g Kcal 0/100g 0/100g mg/100g mg/100g mg/100g
WEFC 8.7 423.6 19.1 12.3 12.2 6.3 48.2
WFL 9.4 407.2 14.¢ 9.C 12.5 5.5 139.¢
CSB+ 9.7 391.7 15.1 5.8 7.7 51 141.9

All the study foods (WFC, WFL and CSB+) were giventhe children in monthly rations
adjusted to the age of the child; children in tge-group 6-8 months, 9-12 months and 13-15
months received 50g/day, 75g/day and 125g/day ctisply based on the recommendations
of Dewey and Brown, (2003). The food ration wasomplement to breast milk and other
foods. The daily rations packets were deliverethanthly rations followed with instructions
to mothers/caregivers that the food was not tohagesl with other young children not in the
study and on how to correctly measure the quastfbie daily use. An intervention regimen
compliance study was also done once mid-way trevantion study in a sub-sample of 254

participants to confirm compliance with the preised feeding regime.

5.2.5 Randomization

Individual randomization stratified by sex was useith the children randomized to
receive WFC, WFL and CSB+ when the infant was 6 t®mld. The study included the
children with MUAC> 11.5 cm. There were an equal number of boys arsl gicruited.

Random numbers used in the labelling were genetatied) Microsoft Excél”.

5.2.6 Allocation concealment, blinding and follow-up
Blinding was achieved by assigning secret barcddethe foods. To ensure complete
blinding, there were 2 different codes for eachugreesulting into a total of 6 codes each in

separate envelopes for boys and girls. The keydés were kept in a sealed envelope until
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preliminary analyses were completed. The list odam numbers assigned to the treatments
was kept away from study team who distributed tdezl§ to mothers. The staffs assessing the
outcome were unaware of treatment allocation ad a®lthe recipients at the time of
distribution, because the packaging was similaaibthree foods. Participants who defaulted
were followed up and accommodated during anothesiee. Some infants were lost to
follow up due to exit from the study area, deathuowillingness to continue with the study
by the caregiver-igure 5-1shows the flow chart of the recruitment and foHopvof subjects

detailing the loss to follow ups.

5.2.7 Training and quality assurance
The research assistants were trained until theye vedlle to carry out the standard
operating procedures of data collection. A pre+est also done at the end of the training by

the researcher. Quality checks were done dailysoe correct filling of the information.
5.2.8 Data collection methods

5.2.8.1Socio-demographic and dietary intake data

At baseline, the general demographic and socio@oaninformation for the family was
collected. Dietary intake measurement was condutiathly using a 24-hour mother recall
method to estimate the amount of food eaten. Enargly nutrient intakes from the foods
were calculated by using Food Processor Plssftware (ESHA Research, Salem, OR.USA)
as detailed in Lartey et al., 1999. The calculatieas based on local and regional food-
composition tables (Sehmi, 1993; Lukmanji et aDp& and values published elsewhere
(Dewey and Brown, 2003).

An average breast milk intake (565 g/d) was assubveskd on average breast milk
energy intakes in developing countries of 413 lecad 379 kcal, respectively for infants 6-8

months and 9-11 months old and, 346 kcal for yathilgiren 12-23 months old (Dewey and
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Brown, 2003; Owino et al. 2007a). Data for iron @ipsion from complementary foods and
breast milk and the recommended dietary allowaRi®A) for absorbable iron were taken
from the WHO estimates (Lynch and Stoltzfus, 2008)n absorption of about 6% from
maize-based diets was assumed. Daily amounts oflzddsle iron obtained from breast milk
were assumed to be 0.11mg/day and 0.09 mg/day Hitdren 6-12 months and 13-18
months, respectively (Lynch and Stoltzfus, 2003he daily intake of calcium from breast
milk was assumed to be 130 mg, the estimate fddreim 6-23 months old, and calcium
retention from breast milk and solid foods was assti to be 50% and 20-25%, respectively

(Lutter and Dewey, 2003).

5.29 Compliance to the intervention regimen

Compliance to food intervention may be defined@iseaence to the intervention regimen
including recommended daily dose and frequency awethod of food preparation and
feeding (WHO, 2008). The role of compliance in @fiy trials is important and failure to
comply may be due to sharing or non-acceptancatefiention among others. Compliance
data was thus obtained by asking the mother howhmofithe WFC, WFL and CSB+ were
consumed by the child while checking for any spks spillages, adequacy in amounts
measured and the frequency of feeding among otfieesdegree of sharing of the assigned
diets with other household members was also astdgsénterviewing the mother at the
health facility during the monthly visits and by kiveg home visits. The mothers were asked
to keep all the distributed packets after theseewampty so they could be collected and

counted on a monthly basis.

5.2.10 Morbidity
Morbidity data were collected by asking mothers wbspecific symptoms and clinic

visits in the past seven days. Mothers were coatisly encouraged to bring their children
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to the clinic in the event of severe illness ptiorthe next visit. Generally, morbidity data
were collected by assessing overall morbidity & ldst month (scored as healthy; mild, self-
limited illness; moderate illness requiring symptdin treatment at the clinic; severe illness
requiring antibiotics or other medical intervenjidor 1YC during their monthly visits to

clinic using questionnaires.

5.2.11 Anthropometry

Anthropometric measurements were carried out mgril the trained assistants who
had previous experience in growth monitoring at ¢hieic’'s Maternal and Child Health
department. Measurements of growth (nude weight seaimbent length) and body
composition (subscapular skinfolds, head and migeu@rm circumferences) were made in
triplicate using standardized anthropometric teghes and calibrated equipment as detailed
in Lohman et al. (1988). In order to minimize intdrserver variation in measurements each
assistant took daily measurements of weight, heightumferences (mid upper arm) and
skinfolds (triceps, biceps, subscapular and suaqilof the same volunteer until these
agreed within the allowable error margin during tifaening period.

Length was measured to the nearest 0.1 cm usittgatald length board with the child
lying down on a length board and two trained staéfasuring the child supported by the
mother. Weight was measured to the nearest 0.0askgg Seca-UNICEF scales (UniScale).
The Triceps, biceps, subscapular and suprailiatfalkis were measured to the nearest 0.1
mm using Happender skinfold calipers (Crymych, ediKingdom) while the head and mid-
upper arm circumferences (MUAC) were measured ® rikarest 0.1 cm using non-
stretchable measuring tape. Health personnel tkemieed the child for different symptoms
which could be related to diseases and malnutribsnthe child sat with the mother

throughout the examination.
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5.2.12 Sample size consideration

According to the data on the standard deviation) (80he increase in length, Dewey et
al. (2011) observed differences in prevalence betvmeterventions for stunting at 0.5 SD in
LAZ while Lartey et al. (1999) observed length gain0.1(SD 1.2) cm. Since the primary
outcome was length, the sample size n per arm Wagseisulting to a total of 495 including
compensation for 10% loss to follow up observedimilar studies elsewhere (Faber et al.,

2005).

5.2.13 Data analysis

Case record forms were checked daily and enterddmn2 weeks. The initial analysis
was done before breaking the code. Quantitativa deats double entered with length and
weight measurements converted to Z-scores using WAd@Iro™ v3.2.2 (WHO, 2009).
Frequencies, means and median values were caldulateg SPSY' software version 19
(Chicago, lllinois, USA). Analysis of variance (AN@\) was done to examine differences in
baseline characteristics between the 3 study graupd to determine any significant
differences occured between the intervention grongength and weight gain from 6 to15
mo. with the independent variables being inten@ntjroup and values at 6 mo of the
respective dependent variable. Baseline charattsribetween the pooled intervention
groups and the pooled cross-sectional study infaet® compared by using t tests and chi-
square tests while growth status (weight-for-agel dength-for-age) of the pooled
intervention and pooled cross-sectional study isfamere compared at each age (6-15
months) using Student’s t tests. The differencelsaseline characteristics and the potential
influence of seasonality were controlled for atrgv@nalysis stage using multiple regression
analysis.

Stunting, underweight and wasting were definedesgjth-for-age, weight-for-age and

weight-for-length, respectively, < -2 standard déens of the WHO reference standards
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(WHO, 2006). Moderate-to-severe and severe matiartrin infants were defined as MUAC

< 12.5 cm and MUAC < 11.5 cm, respectively (CodD03).

5.2.14 Ethical considerations

Written and oral information were given to the cavers of all eligible children in the
local language before obtaining written consent. ddlta obtained in the study were kept
anonymous while mother had an option to discontiinom the study at anytime while still
receiving the monthly food ration and other heé&ditility services without taking part in the
study. The study was cleared by the Kenyatta Natiblospital-University of Nairobi Ethics
Review Committee (KNH-UON ERC-P436/12/2010) and thal was registered with the
International Standard Randomized Controlled Triaég Controlled-trials.com. No:
ISRCTN30012997. Permission to implement the studgs wbtained from relevant local

authorities in the study area.

53 RESULTS

5.3.1 Introduction

Five hundred and twenty seven (527) children weneted for the study, 520 were
screened and 499 met the inclusion criteria ancewandomized to one of the three food
groups as detailed irigure 5-1 Four hundred and twenty eight children (428) egleint to
85.7% completed the study. Of the 14% childrentio$ollow-up, 63 (12.6%) relocated from
the study area while 8 (1.6%) died from illnesse Tmopout rate did not differ significantly

between groups as shownRmure 5-1(p=0.69).
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Assessed for
Enrolment eligibility (n=527) Excluded (n= 2¢
[1 Not meeting inclusion
criteria (n= 23)
[1 Declined to participate
(n=4)
[ Recruited twice (n=1)
Randomized (n= 499)
Allocation
A 4 w A 4
WFC CSB+ WFL
(n=165) (n=167) (n=167)
Follow-Up
v A 4

Lost to follow-up (n= 24)

[1 Relocation from study
area(n=21)

[1 Died due to iliness (n=3)

Analysis

A

Lost to follon-up (n=30

[J Relocation from study area
(n=27)

[] Died due toillness (n=3)

Lost to follow-up (n=17

[1 Relocation from study area
(n=15)

[ Died due toillness (n=2)

A 4

Completed (n=141)

Completed (n=137)

Completed (n= 150)

Figure 5-1: Flow chart of the recruitment and follow-up of subjects. Infants were randomly assigned aged
6mo to receive for 9months CSB+, WFC or WFL.
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Table 5-5details some of the baseline characteristics efstindy participants by food

groups. The distribution by sex and age was simdaross the food groups thus

randomization resulted in baseline equivalence. fidieseholds had a mean of 5 members

and about 2 children under the age of five yeang. Main source of income was farming and

less than half of the households had access toveafer at 48.4%, 46.6% and 41.2% for

WFC, CSB+ and WFL respectively. Generally, thereen® significant differences between

the intervention groups with respect to weight ah@nths neither of age, nor in household

characteristics such as parental age and educdttusehold income, and household size

confirming randomization was successful.

Table 5-5: Baseline socio demographic characterist of study participants by food group

WFC CSB+ WFL P
Number of children 165 167 167
Child characteristics
Sex, boys, n%) 76 (46.1 83 (49.7 81(485 080
Infant birth order 3.5+2.2 3.1+1.9 3.3£1.9 0.23
Child age (months) 6.1+0.2 6.1+0.3 6.1+0.2 0.53
Currently breastfeeding, n (%) 162 (98.2) 166 (99.4166 (99.2) 0.25
Age of introduction to food other than breast n(monthy) 3.1+2.1 3.1+2.( 3.4+2.( 0.87
Caregiver characteristics
Age of main caregiver(years) 26.446.8 25.6+6.7 258 0.30
Education leve 0.89
Unable to read and write n ( 14 (38.9 15 (41.7 7(19.4
Primary incomplete, n (%) 62 (28.4) 73(33.5) 8313
Primary completed, n (%) 68 (37.0) 50 (27.2) 66935
High school completed, n (¢ 18 (34.6 26 (50.0 8 (154
University/ College graduate, n (%) 3(33.3) 3®3. 3(33.3)
Total number of children delivered by the caregiver 3.6+2.2 3.3+11.9 3.312.0 0.41
Household characteristics
Totalhousehold membe 5.9+2.2 5.6+2.2 5.442.1 0.1¢
Children <5 years 1.8+0.7 1.940.8 1.940.7 0.48
Access to protected well, n (%) 77 (48.4) 75 (46.6)68 (41.2) 0.70
Use of insecticide treated net, n 161 (97.6 159 (95.2 161 (96.4 0.20
Primary income
Farming, n (%) 90 (55.6) 76 (47) 72 (44) 0.22

Data are meanzSD, unless stated otherwise and cefgg
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5.3.2 Anthropometric measurements
5.3.2.1Growth

As shown inTables 5-6 and 5-he mean length at 6 months was 65.9 (SD 2.9) cm,
65.3(SD 2.8) cm and 65.1 (SD 3.0) cm for infantthe WFC, CSB+ and WFL respectively.
There was a significant difference in length betweke groups at 6 months (p=0.05)
although this may have been due to chance. The feagth at 15 months was 75.3 (SD 3.0)
cm, 75.3 (SD 3.0) cm and 74.6 (SD 3.0) cm for itdam the WFC, CSB+ and WFL
respectively. The mean length gain between 6 anthdiths was 9.5 (SD 2.4), 9.8 (SD 2.0)
and 9.7 (2.2) cm in WFC, CSB+ and WFL groups, retipely (p = 0.39). There was a trend
(p = 0.08) towards greater length in CSB+ and WRantin WFC groups. The length
difference were however not significant at 15 mer{jh= 0.09).

The mean weight at 6 months was 7.6 (SD 1.0) kg(SD 1.0) kg and 7.3 (SD 1.1) kg
for infants in the WFC, CSB+ and WFL groups, respety (p=0.12). The mean weight at
15 months was 9.7 (SD 1.2) kg, 9.7 (SD 1.2) kg artd(SD 1.2) kg (p=0.42) for young
children in the WFC, CSB+ and WFL groups, respetyiv There were no significant
differences in weight among the groups at 6 anchtbths. The mean weight gain between 6
and 15 months was 2.0 (SD 0.8) kg, 2.2 (SD 0.7akg 2.2 (SD 0.7) kg for infants in the
WFC, CSB+ and WFL groups, respectively (p = 0.3B)is means that there was no

significant weight difference (p>0.05) in weightigmbetween 6 and 15 months of age.
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Table 5-6: Selected baseline anthropometric charagtistics of study participants by food group

WFC CSB+ WFL P
Number of children 16t 167 167
Child characteristics
Weight, kg 7.6£1.0 7.4£1.0 7311 0.12
Length, cm 65.9 + 2.¢ 65.3 + 2.¢ 65.4 +3.( 0.0t
Weight-for-Length Z-score (WLZ) 0.27+1.20 0.23£1.21 0.16+1.18 0.04
Children with Z-score <-2, n (%) 4 (2.4) 5(3.0) @
Lengtt-for-age zscore -0.34+1.3( -0.62+1.1¢ -0.70+1.3: 0.04
Children with z-score <2, n (% 11(6.7 13(7.8 23(13.8
Weight-for-age Z-score -0.09+1.16 -0.28+1.11 -0x¥ 0.07
Children with zscore <2, n (% 5(3.0 8(4.8 9(5.4
Data are meantSD, unless stated otherwise andcenggr
Table 5-7: Effects of 9 months complementary feedgnon some anthropometric measurements
WEC CSB+ WFL P value
n baseline 165 167 167
n endpoint 141 137 150
Weight, kg
Baseline 7.5£1.0 7.4£1.0 73£1.1 0.12
Endpoint 9.7+1.2 9.7+1.2 9.5+1.2 0.42
Difference weight kg 2.0+£0.8 2.2+ 0.7 22+0.7 0.35
Length, cm
Baseline 65.942.¢ 65.342.€ 65.143.C 0.0t
Endpoint 75.3+3.0 75.3+3.0 74.6x3.0 0.09
Difference length, cm 95+2.4 9.8+2.0 9.7+2.2 0.39
MUAC, cm
Baseline, cr 144+1.2 142+1.32 14.(x1.2 0.0t
Endpoint, cm 14.8+ 0.2 148+ 1.2 14.6+1.1 0.54
Difference MUAC cm 0.5+1.0 0.6£1.0 0.6+0.9 0.27
Head circumference, cm
Baselne 43.4+1.t 43.5+1.t 43.1+1.¢ 0.0z
Endpoint 47.0£1.6 46.8+4.3 46.7£1.5 0.81
Difference Head circumference, cm  3.4+1.1 3.1+4.0 3.7£0.9 0.18

Data are presented as mean :

The Length-for-agez scores did not differ significantly (p>0.05) betwee¢he 3

intervention groupsHigure 5-2). Similarly, both Weight-for-height z scores anaight-for-

agez scores were not significantly different (p>0.05}vibeen the 3 intervention groups at

any age between 6 and 15 montRgyres 5-3 and 5-4respectively). Average weight-for-

agez score was slightly below the WHO reference mediaé mo but not at 15 mo of age

(WHO, 2006). These results were not altered whéminsex, energy intake from the study

foods, or the total energy intake from complementaods were controlled for. Length gain



and weight gain between 6 and 15 mo, and other@mmetric indexes (midupper arm and
head circumferences, triceps and subscapular $titticknesses, MAFA, and MAMA) did
not differ significantly (p>0.05) between the 3eintention groupsTable 5-§. Even though
there were no significant differences in mid up@em circumference (MUAC), head
circumference, triceps, biceps, subscapular andilisgpskinfold among the groups, at 6
months there was a significant difference in MUA@ e&head circumference (p=0.05 and
0.03 respectively) which could have been due tanchasince randomisation was done at
baseline. There was no significant difference (p5P.in the skinfolds measurements

between 6 months and 15 months.
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Figure 5-2: Mean LAZ from baseline (6 months) to & months by food

Mean Length-for-age scores of infants in the 3 intervention groups: WRONFOOD Classic, an edible
termitedagaa small fish-germinated grain amaranth and maizexdhleCSB+, a cereal-legume blend plus
vitamins and minerals; WFL, WINFOOD Lite a germigtgrain amaranth-maize blend plus vitamins and
minerals. There were no significant differencesveein groups.
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Figure 5-3: Mean WHZ from baseline (6 months) to 1%nonths by food

Mean weight-for-heigh scores of infants in the 3 intervention groups: WKRGNFOOD Classic, an edible
termitedagaa small fish-germinated grain amaranth and maizexdhleCSB+, a cereal-legume blend plus
vitamins and minerals; WFL, WINFOOD Lite a germisgtgrain amaranth-maize blend plus vitamins and
minerals. There were no significant differencesveetn groups
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Figure 5-4: Mean WAZ from baseline (6 months) to 18nonths by food

Mean Weight-for-agez scores of infants in the 3 intervention groups: WRONFOOD Classic, an edible
termitedagaa small fish-germinated grain amaranth and maizexdhleCSB+, a cereal-legume blend plus
vitamins and minerals; WFL, WINFOOD Lite a germisétgrain amaranth-maize blend plus vitamins and
minerals. There were no significant differencesveetn groups.

5.3.2.1.1 Body composition
Table 5-8presents infant skinfold thickness (biceps, trizegubscapular and suprailiac)

and mid arm fat and muscle area at 6 (baseline) I&ndendpoint) months of age. No

significant differences were observed among the fgroups (p>0.05).
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Table 5-8: Skinfold thickness and mid-arm fat and miscle area at 6mo and 15 months by food groups

Skinfold thickness WFC CSB+ WFL P value
Triceps, mm

Baseline 8.5+1.9 8.4+1.8 8.5+ 1.9 0.92
Endpoin 7.€£2.C 7.5+16 7.6£18 0.99
Differencetriceps, mn -0.6+1.7 -0.6+2.C -0.8+2.C 0.96
Biceps, mm

Baseline 7.0£1.9 7.0£1.7 6.9+1.8 0.61
Endpoin 6.C+1.4 6.C£1.2 6.C£1.2 0.95
Difference Bicep, mm -09 +1.8 -0.6+1.¢ -0.€+1.8 0.61
Subscapular, mm

Baseline 8.0+1.8 8.0+£1.9 7.8+£1.9 0.46
Encpoint 7.C£1.7 6.6+ 17 7.1£1.8 0.57
Difference subscapular m -0.¢£1.8 -1.2+19 -0.7£1.8 0.15
Supriliac, mm

Baseline 8.7+2.6 8.6+2.8 8.7+2.8 0.92
Endpoin 6.7+2.2 6.7+2.1 6.9+2.3 0.72
Differencesuprilia;mm -1.6+2.€ -1.€+2.7 -1.6+2.€ 0.89
Mid Arm Muscle Area(MAMA) (mm 2)

Baseline 11434230 11254225 11404240 0.56
Endpoin 1423+11: 1489+22: 1500+22: 0.2z
Mid Arm Fat Area (MAFA) (mm 2

Baseline 594423 556+29 574+25 0.45
Endpoint 875125 870+21 878136 0.71

Data are presented as mean +SD

5.3.3 Breastfeeding and complementary feeding status at 6 months of age

Over 98% of the children were breastfeeding at Gthmalthough by around 3.5(SD 3.0)
months of age, exclusive breastfeeding had ceaskdtaer foods had been introduced in the
infants’ diets. The age of introducing these fobdsiever ranged from <1 —7 months (range
of about 6 months) with a median value of 4 monifie&e main foods available for feeding
infants included maize meal, rice, groundnuts, behish, milk (mainly cow milk 53.5% at 6
months and 99.8% at 15 months) and fruits (banaois)ges, pawpaw) and vegetables
(pumpkins, green vegetables especially localsrikeendakales and cowpeas). The child’s
food was determined by the food available in thesedold for the entire family at the time
and seasonality. Maize porridge was the main forfoad for infants with varying degree of
other foods/ingredients added depending on avétiabiwenty percent of all the caregivers
reported having special designated flour for infapbrridge. In the cases where the special
designated flour for infants’ porridge was avaigght was either locally made by blending

various ingredients in unspecified proportions lee tommercially made brarAmiLA™
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with a variant containing citric acid which the egivers called “sour” were mostly used.
Most mothers used cup and spoon (84.6%) to feeththmets with a few mothers resorting to
palm feeding. Only 3% used commercial complementaogls to feed the infants and in
almost all the cases they sourced it from the hdatltility as part of a donation attached to
some infant feeding program in the facility.

Baseline characteristics and infant-feeding prastiof the intervention-study infants
were compared with those of the cross-sectionatlystinfants. The findings of the
intervention study on breastfeeding and complenmgriteeding status together with most of
the socio demographic information were not sigaifity different from those of the cross-

section study done in the same catchment area.

5.3.4 Dietary and Energy intake

The daily energy intake from traditional complenaeptfoods for infants at 6-8, 9-11
months and young childrer12 months old were 1.6+0.7, 2.4+0.5, 2.2+0.5 MJ/day
respectively. The calculated energy density fordmplementary feeding porridge based on
the ingredients given was 2.9+1.3 kJ/ml while thiamts and young children aged 6-8, 9-11
and> 12 months consumed about 60g, 142g and 1509 tasgeof food daily. Almost all
the infants were reported to be breatfeeding ab6ths, assuming a daily intake of 635 g/day
of breastmilk observed in other studies which wessgnificantly different irrespective of the
type of complementary foods the infants fed on (@met al. 2007a), the calculation was
based on nutrient intake from complemenfagds only by the food groups for energy. The
energy intakes at 6 months were 380.0+£75.5, 33@.@tand 351.0+52.0 kcal for WFC,
CSB+ and WFL respectively (p=0.61). At 15 monthe #mergy intake was 465.1+33.8,
427.0+£35.4 and 410.0+23.7 kcal respectively (p=0.BBere was no significant difference in

amouts of energy received from the different sobchplementary foods between the groups.
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5.3.5 Morbidity

Throughout the study and across the study grotipsantants were well/alert and reported
no major symptoms of disease except for coughinglibée wheezing and running nose
which were significantly reported across all thedagroups in the first 2 months (p=0.02,
0.01 and 0.01 respectively). The average respyatates were 35.3+6.0, 35.4+7.0 and
34.946.0 counts per minute for WFC, CSB+ and WHipeztively (p=0.89). Across all the
study groups there were significant differenceseiporting for general poor health status in
the second month of the study (p=0.01), convulsioribe within the first month of the study
(p=0.01), episodes of loose watery diarrhoea insthenonth of the study and"8month of
the study (p=0.02 and <0.001 respectively). Coasitp was also significantly reported
during the & month of the study (p=0.02). These were acroshalstudy groups.
5.3.6 Compliance to the intervention regimen

The daily frequency of feeding the infants rangfngm 7-10 months of age with the
foods were 3.0+0.8, 3.1+0.8 and 2.8+0.8 times mspdy for WFC, CSB+ and
WFL(p=0.09). In all the cases the mother fed tHarihover 86% of the time (p= 0.30) and
more than 80% of the infants in all the food groapasumed their respective rations daily
(p=0.66). Most of the mothers reported the infdikisd the foods alot at 77.4%, 91.4% and
82.7% for WFC, CSB+ and WFL respectively (p=0.88hly a small proportion of mothers
fully adhered to WINFOOD regimen across all thre@sa(14.8% - 19.4%)lable 5-9shows
the summary of the compliance of other parametesessed. There were no significant
differences among the parameters assessed aceds®thgroups meaning the compliance to

the regimen was similar across the food groups.
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Table 5-9: Improved complementary foods supply anthousehold level distribution

WFC CSB+ WFL p
Number of days since lastINFOOD delivery 14+8.2 15.2+8.: 13.548.! 0.5t
Number of WNFOOD tins received at last delive 4.5+0.¢ 4.4+1.( 4.6x0.¢ 0.7
Number of WINFOOD tins unused at time of last defiv.~ 0.07+0.2 0.09+0.6 0.13+0.4 0.85
Number of WINFOOD tins shared out with others apart 0.05+0.23 0.05+0.26 0.07+0.26 0.95
from study infant
Number of WNFOOD tins spilled/damage 0.06£0.2: 0.02+0.1: 0.03+0.: 0.4z
Daily frequency for feeding child with WINFOOD 38. 3.1+0.8 2.8+0.8 0.09
Daily amount of WINFOOD fed to the infant (g/d) 9485.9 90.5+41.4 106.7+148 0.74

54 DISCUSSIONS AND CONCLUSION

The study aimed to find out the impact of edibleniées anddagaasmall fish and multi-
micronutrients fortified improved comepelmenarryods on growth (length and weight)
among other anthropomentric measurement on inf@ftS months. Although the study
hypothesis predicted differences among the 3 ietem groups, no significant effect was
observed on linear growth and weight gain althotlgire were increases in both weight and
length among the food groups compared to the cresstion group. The study found no
significant difference in linear growth betweenainfs receiving fortified and ASFs enriched
complementary foods and infants in the CSB+ grdupe absence of significant changes in
any of the anthropometric parameters may be exgdalny a number of factors. Dewey et al.,
(2011) observed differences in the prevalence etvirterventions for stunting at 0.5 SD in
LAZ while Lartey et al. (1999) observed length gaif 0.1(SD1.2) cm. Based on the
observations, the calculated sample size of 165gpeup of food was enough to detect a
difference of>0.5 kg in weight gain or 1.0 cm in length gain otlee 9-mo period with a
power of 0.9. As it turned out, the weight gainnfré to 15 months of age of the “control”
group in the intervention (those fed CSB+) was a®tigh as initially anticipated, and the
maximum difference observed between this group amdof the other intervention groups
was only 0.3 cm and 0.2 kg. A much larger samge per group would have been necessary

to show statistical significance for a differendeh@mt magnitude with a power of 0.9.
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There are several possible explanations for thevifraesults. First, all subjects in the
intervention were given the study foods free ofrgeawhich may have improved overall
food availability for the infants. Second, all 3tervention foods had a relatively high
macronutrient content compared with traditional ptementary foods typically fed to infants
in the region as shown in an earlier cross sedtady in the same area and by Mbagaya et
al. (2004). It would have been desirable for stpdyposes to include a group not assigned
any of the improved foods, but this was not congideacceptable ethically because of the
known nutritional superiority of the improved corapientary foods. Third, the attention
received by all intervention infants through reguiaonthly visits may have influenced the
mothers’ childcare and infant-feeding practiceg] #re regular morbidity surveillance may
have prompted them to seek treatment earlier feir thick infants (Lartey et al., 1999;
Vijayaraghavan et al., 1992). All of the above @xgitions may account for the improvement
in growth of the intervention groups compared wita non-intervention (cross section study
data) group and the lack of significant differendesgrowth between the 3 intervention
groups (Lartey et al., 1999). Some studies haveortegp positive growth effects of
supplementation with micronutrients such as zinco{® et al., 1998; Schlesinger et al.,
1992; Castillo-Duran et al., 1995; Ninh et al., @99ron (Chwang et al., 1988; Latham et al.,
1990; Lawless et al., 1994), and vitamin A (Cogfitj 1994; Muhilal et al., 1988), although
others have not reported significant difference gmowth between the group fed the
micronutrient-fortified food and the other groupsaitey et al., 1999). Elsewhere, a zinc
supplementation study of 6 months in a similar gigeip by Umeta et al. (2000) observed a
difference in increase in height over the interi@nperiod between stunted groups of more
than 4 cm and between non-stunted groups of 1.80&tufse et al. (2005) in a similar study
observed weight and length increase of (2.1+09ay) (10.0£1.8 cm) respectively. In the

current study, zinc supplementation was not coms@idue to logistics limitations.
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Breast-feeding and complementary feeding practoedd also have contributed towards
explaining the lack of a pronounced effect of thgeliventions on the outcome measures. The
average age of cessation of breast-feeding wasSB3®0) months. At this age the
introduction of complementary food was common amd may have influenced the actual
intake of the study foods as observed in otheristudf similar settings (Oelofse et al.,
(2005). Lack of compliance has been cited as ailpesseason for lack of expected
differences between intervention and control (Bisanet al., 2012). Without intentional
follow up to measure food intake, several studegehreported little or no impact on primary
outcome measures, especially prevalence of sturi@wgno et al., 2007; CIGNIS Study
Team, 2010; Manno et al., 2012; Gibson et al., 20l cases where intensive food intake
monitoring has been done there has been improvegrligrowth (Adu-Afarwuah, 2008).
Monthly follow up was associated with improved phg$ activity among HIV-infected
adults given a chickpea-sesame ready to use thdrap&®od (RUTF) in Malawi.
Additionally, the number of pots of RUTF consumedswpositively correlated with weight
gain and body mass index (Bahwere et al., 200930me circumstances where food intake
has been monitored in sub-set only marginal tretmsards better outcome in the
intervention group has been observed (Bisimwa.eR@ll2). However, intensive food intake
monitoring is likely to modify habitual food intakend thus conclusions from such studies
may not be generalized to cover real-life context.

The high percentage of completion rate (about 868d)d be explained by a few possible
factors. There was improved relationship between hbalth facility staff and the study
infants and this could have made the participamtsdhere more. The study acceptance right
from the acceptability study was very high whiles trecruitment was well planned with
correct physical address obtained for traceabilitye linkages to the community linkage

structures through the community health workers alshanced traceability. On the contrary,
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the primary cause of default was the annual mignatis caregivers joined their spouses or
other relatives in far off locations.

In conclusion, the intervention study showed ngn#icant difference in growth
(anthropometric) indices among the study groupss $tudy suggests the necessity of further
effectiveness studies on use of local non convealid\SFs as edible termites and food
fortification in infants. The feeding of improvedmplementary foods to Kenyan infants
between 6 and 15 mo of age most likely improvedvtiiocompared with the usual growth
pattern of infants in the community. The additidnedible termites andlagaa small fish
(WFC) supported growth just as well as did CSB+ ame@quivalent made from germinated
grain amaranth and maize (WFL). More research teestigate the bioavailability
mechanisms of the nutrients from the edible ternite however needed to help create
evidence base and enabling policy environment fgpeu the use of the insects in such
improved complementary foods.
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ABSTRACT

Background: Iron deficiency and anaemia are global public lmegitoblems especially in
resource limited settings. Global estimates shoat the highest prevalence of anaemia is
among children less than 5 years of age with thevglence rising in Africa. Maize-meal
porridge is used for infant feeding in many Africamuntries, including Western Kenya. Two
improved complementary foods based on maize andhigated grain amaranth with 10%
edible termites and 3% agaasmall fish known as WINFOOD Classic(WFC) and thbeo
fortified with vitamin and mineral micronutrient #te rate of CSB+ referred to as WINFOOD
Lite (WFL) were compared to CSB+.

Objective: To assess whether the improved complementarysfeaodld reduce anaemia and
improve the iron status of infants in a resournetéd setting of Western Kenya.

Design Infants aged 6 mo (n=499) were randomly assigaedceive WFC, WFL or CSB+ for

9 months. The outcomes were haemoglobin, solubdesterrin receptor and ferritin
concentrations assessed at 6 and 15 mo. C-reguotvein (CRP) as marker of infection was
also measured to allow for more accurate interpoetaf iron status. An ELISA test procedure
was used while retinol binding protein (RBP) adraticator for Vitamin A (VA) was included
as an outcome.

Results At 6 mo, 496 were randomised as 164(33.1%) 16683 166(33.5%) for WFC,
CSB+ and WFL respectively while 428 completed thuglg. A random sub sample of this total
was used for the other outcomes and 268 had dtdeasvalue (either baseline or endline value
or both) at the end of the study. With referenceébaseline values, there was a significant
intervention effect of 0.6(SD1.6),-0.3(SD1.8) an@(8D2.0) g/dl for CSB+, WFC and WFL
respectively (p<0.001) with respect to Hemoglobonaentration. Transferritin receptors as
Ramco assay equivalents and body iron stores ab 1&@ne significantly different from 6 mo
(P=0.002 and <0.001 respectively) with Transfereoeptors changing from 11.8(SD3.5) to
13.5(SD5.1) mg/l and Iron body stores form 2.0(®)3%o -0.6(SD3.7) mg/kg body weight for
WFC among others. The proportion of infants witta@mia decreased from 51.8% to 42.3%
overall with a larger decrease among the mild andemate anemic groups. The other outcomes
showed insignificant intervention effect includitige CRP concentrations.

Conclusions: The improved complementary foods had a signifiedfect in reducing anaemia
and improving iron status and related outcomesfaints in malaria endemic resource limited
settings. Further research to investigate the fonat quality of the edible termites in such
foods is recommended.

KEYWORDS: Complementary foods, Animal Source Foods, infamsicronutrients,
Anaemia, ferritin, iron status
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6.1 INTRODUCTION

The critical period for developing childhood malritibn coincides with the introduction of
complementary foods, which in many developing coestare nutritionally inadequate (Gibson
et al., 1998). Iron, zinc, and vitamin A are prablautrients because of their low density in
plant-based complementary foods common in the deugd countries (Brown et al., 1998).
Due to the low nutrient density and frequent infews, growth faltering and anaemia are
widespread among IYC in the developing world bel@& mo old (Shrimpton et al., 2001,
Lutter and Rivera, 2003) and poor nutrition durthgse critical formative years has both short-
and long term consequences (Martorell, 1995; S¢raws 1995; WHO, 2008).

Iron deficiency and anaemia are a global publidthgaroblem especially in Sub-Saharan
Africa impacting the health and economic potertiaimany (Zimmermann and Hurrell, 2007,
McLean et al., 2009). Iron deficiency leads to aniae impaired immune functions, decreased
motor activity and cognitive development among ypuwhildren (Zimmermann and Hurrell,
2007; Cook, 1999). Global estimates show that igbdst prevalence of anaemia at 47.4% is
among children less than 5 years of age with thevglence rising to 64.6% in Africa
(Zimmermann and Hurrell, 2007; McLean et al., 200%)out 50% of the anaemia is assumed
to be iron deficiency anaemia (Zimmermann and Hurg®07). In Kenya, the 1999 national
micronutrients survey estimated that seven outwefeten children under five years were
likely to be anaemic and nearly half (43.2%) weom ideficient (Mwaniki et al., 1999).

Inadequate dietary intake has been identified asnamediate determinant of micronutrient
deficiencies (Black et al., 2008). Studies on diefzatterns of infants and pre-school children
in Kenya, found plant foods as the major sourcesewérgy with cereals contributing
approximately 62-68% to the total daily energy ket§Macharia-Mutie et al., 2010; Gegios et
al., 2010; Ndiku et al., 2010; Grillenberger, 2Q0B) addition, maize porridge is the major

complementary food for children 12-23 months of agetributing to over 50% of iron intake
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(Macharia-Mutie et al., 2010; Ndiku et al., 201Bljgh prevalence of inadequate iron intake
among Kenyan children of up to 77% has also beparted (Grillenberger, 2006AAccording

to WHO (2001), the main causes of anaemia areamieton deficiency; infectious diseases
such as malaria, hookworm infections, or schistoasim infections; deficiencies of key
micronutrients such as folate, vitamin B12, or wita A; and inherited conditions that affect
cell stability such as thalassaemia and sicklear@lemia. The three main exogenous causes of
anaemia are disease, blood loss and diet (Thur@hbiorthrop-Clewes, 2007).

Supplementation has been used with various levelsuocess to tackle the problem of
inadequate iron intake and iron deficiency. Howewerecent study in Pemba supplementing
children aged 1-35 months with iron and folic asitbwed a 12% increase in the incidence of
serious adverse events in those children classif$eidon replete at baseline, presumably due to
malaria (Sazawal et al., 2006). This prompted WH® advise against blanket iron
supplementation and use of micronutrient powdersN} that provide the entire iron
requirement in a single dose in regions where nzalarendemic and infectious disease highly
prevalent (WHO, 2007). Therefore, food based amres including home fortification with
low doses of highly absorbable iron or dietary déification may be better alternatives in
malaria endemic zones such as Kenya. Use of thiesematrient powders consumed with food
has been found to improve iron status in childréthivw short intervention periods (Osei et al.,
2010; Varma et al., 2007; Lundeen et al., 2010).

Dietary diversification is thought to enhance thelgability of adequate nutrient intake to
alleviate iron deficiency (Zimmermann and Hurré2Q07; Johns and Sthapit, 2004). Less
studied but widely consumed whole grain cereal$sag amaranth grairAfharanthus spp
may have a potential to improve iron status amohiddien. Though animal studies have
indicated a bio-availability of iron from amarangnain to be about 3%, amaranth grain is

reported to have 2-4 times more iron than wheat ljuality easily digested proteins and is a
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drought resistant fast maturing crop able to s@rvivsemi-arid areas (Pedersen et al., 1987;
Ologunde et al., 1994). It may thus have a potetttiBnprove iron status among children.

Other possible strategies to enhance iron bioavilainclude grains germination (Egli et
al., 2002; Marero et al., 1991; Hurrell et al. 19B2avidsson et al., 1994; Sandberg et al., 1999;
Egli et al., 2004), soaking (Hortz and Gibson, 20Brdman and Pneros-Schneier, 1994),
fermentation (Sandberg et al., 1999; Hurrel, 2@&ndberg and Svanberg, 1991; Lindsay and
Ahluwalia, 1997), mechanical processing such aséloold pounding of cereal grains (Nout
and Ngoddy, 1997) and extrusion cooking (Royal ialpinstitute, 1983; WHO, 2002; Alonso
et al., 2000). Iron bioavailability is higher froASFs than from plant foods (Lartey et al., 1999;
Allen, 2003; Hurrell et al., 2006; Hurrell and Egi010). Addition of even a small amount of
ASFs is one of the strategies to improve the cdraed bioavailability of micronutrients in
plant-based diets and fish has been used in deweloipof complementary foods leading to
enhanced iron, zinc and calcium content and bidevitity (Mosha et al., 2005; Haug et al.,
2010).

The objective of this study was to assess the patesf using food fortification and edible
termites andlagaaas alternative ASFs to improve the nutrients cortiposin complementary
foods thus improve the micronutrients and healtdtust of Kenyan infants. The study was
designed to assess the effects of improved compitame foods on haemoglobin and iron
status in children between 6 to 15 months old. Ttypes of complementary foods
(“WINFOOD Classic” (WFC) and “WINFOOD Lite” (WFL)pased on grain amaranth and
maize were developed. WFC had in addition edibimites (10%) andlagaa(3%) which are
rich sources of iron and zinc (Kinyuru et al, 20¥8)h the germinated grain amaranth. WFL
did not contain the ASFs but was enhanced by gextinigp the grain amaranth and fortified

with micronutrients (vitamins and minerals premaxthe same rate as CSB+.
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6.2 MATERIALSAND METHODS
6.2.1 Study site

The study was based at the Child Welfare Clinic8Viestern Kenya, Mumias Sub-County
of Kakamega County. The study was carried out neghhealth facilities namely Makunga,
Lusheya and Khaunga. Details of the study sited&seussed elsewhere (Konyole et al., 2012).
Briefly, Mumias sub-county has sugar cane as mash crop. The sugar cane is harvested after
18-24 months; in the meantime therefore, farmeededt without a viable source of income till
the next harvesting season. This type of farmiag lbft many families with very small pieces
of land that are used for food crops resulting imoreased malnutrition especially among
children thereby increasing family expenditure ealth (Mbagaya et al., 2004).
6.2.2 The study participants and recruitment

All infants from the age of 6 months were eligildebe included in the study and those
included were supplied with the improved compleragnfoods for 9 months until the age of
15 months. Mothers and infants (at 6 months) paé=e recruited in the study as they came to
the health facility for diphtheria, pertussis aethhus or oral polio vaccination. Community-
based mobilization was also done with the help@h@unity Health Workers.
Theinclusion criteria for infants at 6 months were for mothers acceping ready to:
1) Prepare and feed their infants with the complemgritaods and CSB+.
2) Stay in the study area for the duration of the w{@months).
3) Consent to participation.
Twins were recruited into the study if both weralki®y and randomized to receive the same
intervention to avoid contamination that could hagsulted from confusing the foods during
feeding and sharing.
All infants had to weigh at least 25009 at birtld &save MUAC>11.5 cm and WHZ>-3.

Exclusion criteria
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Children with WHZ < -3, MUAC <11.5 cm, and/or biaal pitting oedema, or with
anaemia (Hb< 80 g/L) or clinical signs of vitamind&ficiency (xerosis or Bitot spots) were
excluded and referred for treatment. Infants whkoaic illness requiring medication, genetic
disorders interfering with normal growth were aksacluded, and given CSB+ as substitute
together with referral for care.

6.2.3  Study Design

This was a community-based double blind randominéal in which infants were
individually randomized at 6 months of age to reeaine of the three study foods; WFC, WFL
or CSB+ for 9 months from January 2012 to Janu@f®32
6.2.4 Theintervention

6.2.4.1Study Foods

The study foods were developed as detailed in Kinya012) and tested for acceptability
and safety (Konyole et al., 2012). The improved plamentary foods were industrially
processed by extrusion cooking at the Kenya IndusResearch and Development Institute
(KIRDI), Nairobi then packed in opaque food gradaspic containers labelled with computer
generated random numbers corresponding to WFL, \AiRCCSB+. The formulations of the
study foods (WFC, WFL and CSB+) are detailedlables 6-1together with the theoretical
nutrient composition of the all the foods compat@edecommended valuéSable 6-2) All the
study foods (WFC, WFL and CSB+) were given to thidecen in monthly rations adjusted to
the age of the child such that children in the ggmips 6-8 months, 9-12 months and 13-15
months received 50 g/day, 75 g/day and 125 g/ dsgectively as recommended in Dewey and
Brown, (2003).

The minerals and vitamin premix and tricalcium pitee were added to the blends (where
applicable) after extrusion cooking to avoid vitarfosses at high processing temperatures. The

WEFP technical specification for CSB+, vers.1.6 gieen in Table 6-3with the details for
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micronutrient rate and chemical form for CSB+ vdr$. (Table 6-4). The daily rations packets

were delivered in monthly rations followed with ingtions to mothers/caretakers to ensure

that the food was not shared with other young céiidnot in the study and how to correctly

measure the quantities for daily use. The compéastady was also done once mid-way in the

course of the intervention study to confirm commpdi@ with the feeding regime prescribed. The

distribution was tied with clinical examination amdicronutrients status assessment of the

child.

Table 6-1: Formulations for WFC, WFL and CSB+- per@ntage (w/w)

Germinated Whole Dagaa Soybean Premix  Premix Whole
amaranth maize fish Termite oil Sugar 1* 2%* soybean
WFC 71.00 10.40 3.00 10.00 0.60 5.00 0.00 0.00 0.00
WEFL 82.52 10.27 0.0c 0.0C 0.5¢ 4.91 0.2C 1.5€ 0.0C
CSB+ 0.00 74.24 0.00 0.00 0.00 5.00 0.20 1.56 19.00
*Mineral/vitamin premix - FBF-V-10 **Mono-calciumiposphate and Potassium chloride
Table 6-2: Nutrient composition of WFC, WFL& CSB+ per 100g of dry weight
Moisture  Energy Protein Fat Fe Zn Ca
0/100g Kcal 0/100g g/100g mg/100g  mg/100g mg/100g
WFC 8.7 423.¢ 19.1 12.2 12.2 6.3 48.2
WFL 94 407.2 14.¢ 9.C 12.5 5.5 139.4
CSB+ 9.7 391.7 15.1 5.8 7.7 51 141.9
Table 6-3: WFP technical specification for CSB+, ws.1.6
N° Ingredients Percentage (by weight)
1 Corn (maize white or yellow) 72.05- 77.05
2 Whole soya beal 2(0-25
3 Vitamin/Mineral FBF-V-10* 0.2
4 CaCQ (calcium carbonate) 1.19
5 Ca(HPQO,),. H20(mono calcium phosphate) 0.80
6 KCI (potassium chloride) 0.76

*The composition of the micronutrient pre-mix i€iical in CSB+
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Table 6-4: Micronutrient rate and chemical form for CSB+ per 1009 of finished product

Targe Chemical form
Vitamin/Mineral FBF-V-10
Vitamin A 1,664 IU  Dry vitamin A palmitate 250 n.s
Thiamine 0.128 mg Thiamine mononitrate
Riboflavin 0.448 mg Riboflavin
Niacin 4.8 mg Nicotinamide
Pantothenic acid 6.7 mg Calcium d-pantothenate
Vitamin BE 1.7 m¢ Pyridoxine hydrochloric
Folate 60 mcg Folic acid
Vitamin B1z 2 mcg Vitamin B12- 0.1% spray drie
Vitamin C 100 m¢ Ascorbic acid
Vitamin D 4 mcg Dry vitamin D3 100 CWS
Vitamin E 8.3 mg Vitamin E 50% CWS
Vitamin K 100 mcg  vitamin K1 5% CWS
Iron (a) 4 mg Ferrous fumarate
Iron (b) 2.5 mg Iron-sodium EDTA
Zinc 5mg Zinc oxide
lodine 40 mcg Potassium iodate (KIO3)
Carriel Qs Malto dextrir
Other mineral
Calcium (a) 470 mg Calcium carbonate (CaCO3)
Potassium 400 mg Potassium chloride (KCI)
Phosphorus 200mg  Mono calcium phosphate CafPi,),. H20
+ Calcium (b) 130 mg

CSB+ must be fortified to provide the abgveble 6-4)net micro nutrient supplement
per 100g of finished product:

6.2.5 Randomization

Individual randomization stratified by sex was usgéth the children randomized to receive
WFC, WFL and CSB+ when the infant was 6 months Bl study included the children with
MUAC > 11.5 cm. There were an equal number of boys ar&l rgicruited. Random numbers
used in the labeling were generated using Micrasetel™.
6.2.6 Allocation concealment/blinding and follow- up

Blinding was achieved by assigning secret barcadethe foods. To ensure complete
blinding, there were 2 different codes for eachugreoesulting into a total of 6 codes each in

separate envelopes for boys and girls. The keyodés were kept in a sealed envelope until

preliminary analyses were completed. The list ofdam numbers assigned to the treatments
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was kept away from study team who distributed twd$ to mothers. The staffs assessing the
outcome were unaware of treatment allocation ad waelthe recipients at the time of
distribution, because the packaging was similaralbthree foods. Participants who defaulted
were followed up and accommodated during anoth&siee. Some infants were lost to follow
up due to exit from the study area, death or unwifless of the caregiver to continue with the
study.
6.2.7 Training and quality assurance

The research assistants were trained until theg able to carry out the standard operating
procedures of data collection. A pre-test was dtste at the end of the training. Quality checks
were done daily to ensure correct filling of thétormation.
6.2.8 Data collection methods

6.2.8.1Demographic and dietary intake data

At baseline, the general demographic and socio@uaninformation for the family was
collected. Dietary intake measurement was condutiaathly using a 24-hour recall method to
estimate the amount of food eaten. Micronutrientake from the foods was calculated by
using Food Processor Pllfssoftware (ESHA Research, Salem, OR.USA) as detailé artey
et al. (1999) and based on local and regional fmwdposition tables (Sehmi, 1993; Lukmaniji
et al., 2008) and values published elsewhere (DameyBrown, 2003).

6.2.9 Compliance with the intervention regimen

Compliance/adherence to the intervention regimetuding recommended daily dose and
frequency and method of food preparation and feap@MHO, 2008) was obtained by asking
the mother how much of the WFC, WFL and CSB+ wevasomed by the child while
checking for any spoilages, spillages, adequacgnmunts measured and the frequency of
feeding among others. The degree of sharing ofatbsgned diets with other household

members was also assessed by interviewing the mathiee health facility during the monthly
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visits and by making home visits. The mothers wasked to keep all the distributed packets
after these were empty so they could be colleateldcaunted on a monthly basis. The role of
compliance in efficacy trials is important and giad to comply may be due to sharing or non-
acceptance of intervention among others.
6.2.10 Morbidity

Morbidity data were collected by asking mothersuwtspecific symptoms and clinic visits
in the past seven days. Mothers were continuoustpuwaged to bring their children to the
clinic in the event of severe illness prior to thext visit. Generally, morbidity data were
collected by assessing overall morbidity in the taenth (scored as healthy; mild, self-limited
illness; moderate illness requiring symptomatiatimgent at the clinic; severe illness requiring
antibiotics or other medical intervention) for IYdliring their monthly visits to clinic using
questionnaires. Clinical examinations were alsai@adrout monthly throughout the study.
Health personnel examined the child for differgmhptoms which could be related to diseases
and malnutrition as the child sat with the motlmeotughout the examination.
6.2.11 Blood sampling and analyses

A venous blood sample was collected at baselineaarnide 9 months follow-up visit by a
gualified phlebotomist using a field-friendly claseracutainer system in trace-element free
tubes and stored at@ until separation. Serum was divided into 5 Eppehtlibes of 20QuL
each, and stored at -8D before analyses. Briefly; the child sat on thethmds lap, while a
phlebotomist took 3 ml venous blood, from the inm#bow of the child, using standard
hygienic procedures and a paediatric wing-needlérafed staff assisted the mother and the
phlebotomist. Haemoglobin was determined using m&{&ue machine (HemoCue, Sheffield,
United Kingdom), in triplicates at baseline and &mhs follow-up visit with a control cuvet
measured daily to ensure right calibration of tlemaCue. The blood for the Hemocue test was

drawn from the blood left in the wing-needle tub&ger the blood tube had been filled. Finger

115



prick blood was used to measure haemoglobin coratént in case the venous blood could not
be drawn (as was in some cases) due to variougneasich as invisible veins, restless children
among others. As a measure of the acute phasensespgerum acute phase proteins (APP)

were determined as both the slow-reactingacid-glycoprotein (AGP) and the fast-reacting C-

reactive protein (CRP). Retinol binding protein (RBwvas also determined. As measures of
iron stores and deficiency respectively, serumitierand soluble transferrin receptors were
determined. The blood samples analysis detailemveatwere done based on an ELISA
procedure as described in Erhardt et al. (2004)ue insight in the key metabolic mechanisms
that underlie the main outcomes of the study. @Gegeoteins can serve as markers of Vitamin
A (VA) and iron status and a sandwich ELISA teclusiqvas used for testing the iron status in
this study. On the other hand, nearly all VA in thleod is associated with retinol binding
protein (RBP).Therefore serum RBP can be used as a surrogateuradas retinol content
and, thus, VA status (Gamble et al., 2001). Theda dere to enable a better understanding of
the effects observed when children are consumingemi-dense food on micronutrient status,
morbidity/immune activation. The analyses wererietstd to the key indicators of the key
functions only, in order to restrict the blood sdingpto an absolute minimum.
6.2.12 Sample size consideration

Because micronutrient deficiencies, especiallyrofh iwas expected to be of concern, the
sample size was calculated to allow for the deieaif differences of equal to or greater than 5
g/L in haemoglobin concentrations at 90% power B#tdsignificance as observed by Lartey et
al. (1999) (n=241) and Faber et al. (2005aber et al. (2005) in a similar study detected
9.4microg/L (95% CI: 3.6, 15.1microg/L) for serurarktin and 9 g/L (95% CI: 6, 12 g/L) for
haemoglobin concentration at 90% power and 5% leWsignificance with n=361. Two-tailed
distribution was assumed because of the fact thabgyfree nutrient-dense food though

unlikely to decrease nutrient intake could stildeo a reduction on some of the outcomes.
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6.2.13 Data analysis

Case record forms were checked daily and enterddrnw@ weeks. The initial analysis was
done before breaking the code. Frequencies, meahsnadian values were calculated using
sPs$M software version 19 (Chicago, lllinois, USA). Bhe analysis of variance (ANOVA)
was done to examine differences in baseline cheniatits between the 3 intervention groups
and to determine whether significant differencesuodetween the interventions groups in
Haemoglobin and iron status biomarkers at 6 anth@5with the independent variables being
intervention group and values at 6 mo of the redpmecdependent variable. Baseline
characteristics between the pooled interventiomggsovere compared by using t tests and chi-
square tests while haemoglobin, iron status andnenerevalence of the study infants were
compared at 6 months and 15 months using Studértests. The differences in baseline
characteristics and the potential influence of eealty were controlled for at every analysis
stage using multiple regression analysis.

Anaemia was defined as haemoglobin concentratid® gIL (WHO, 2002), moderate- to-
severe and severe anaemia as haemoglobin conean&a®0 g/L and < 70 g/L, respectively
(Stoltzfus et al.,, 1998). In summary: Anaemia catggwere: Normal>11g/dl; Mild=10-

10.9g/dl; Moderate=7-9.9g/dl; Severe<7g/dI.

6.2.14 Ethical considerations

Written and oral information were given to the gawers of all eligible children in the local
language before obtaining written consent. All datéained in the study were kept anonymous
while the mothers had an option to discontinue fribi@ study at anytime and still continue
receiving the monthly food ration and other heddttility services without taking part in the
study. The study was cleared by the Kenyatta Natitospital- University of Nairobi Ethics

Research Committee (KNH-UON ERC-P436/12/2010) ane trial was registered with
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Controlled-trials.com. No: ISRCTN30012997. Pernassio implement the study was granted
by the relevant local authorities in the study area
6.3 RESULTS

Among the 499 study participants, 496 were assefmetdaemoglobin concentration at
baseline while 431 were assessed at endline. feoptier outcomes, 268 study participants
were included in the endline and 249 at baselime disparities at baseline and endline arose
from failure to obtain samples from some of than$ at baseline since identifying the veins
was more difficult. As the infants grew, identifgirthe veins became easier and thus more
numbers at endline compared to baseline. The binicla¢ data reported here are for study
participants with values either at 6 or 15 mo ot aand both. Some of the background
characteristics of the study participants are asvshin Table 6-5.There were no significant
differences among the baseline characteristicseo§tudy participants.

Briefly, Over 98% of the children were being bréadtat 6 months although by around 3
months of age, exclusive breastfeeding had ceaseédther foods had been introduced. The
households had an average of 5 members and 2emildrder the age of five years. The main
source of income was farming and less than hati@households had access to safe water. The
age of the main caregivers was 26.4(SD 6.8), 2b&S), and 25.3(SD5.5) for food groups
WFC, CSB+ and WFL respectively (p= 0.30). Educatevel was not significantly different

among the food groups (p= 0.89).
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Table 6-5: Baseline characteristics of study partipants by food group

WFC CSB+ WFL p
Number of children 165 167 167
Child characteristics
Sex, boys, n (%) 76 (46.1) 83 (49.7) 81 (48.5) 0.80
Child age, months 6.1+0.2 6.1+0.3 6.1+0.2 0.53
Currently breastfeeding (%) 162 (98.2 166 (99.4 166 (99.2 0.17
Age introduced to food other than breast ir 3.1+2.1 3.1+2.( 3.4+2.( 087
months
Haemoglobin, g/dl 10.8+1.5 10.7+1.3 10.7+1.4 10.8
Caregiver characteristics
Age of main caregivi (years 26.416.¢ 25.646." 25.35.¢ 0.3C
Education level 0.89
Unable to read and write, n (%) 14 (38.9) 15 (41.7) 7 (19.4)
Primary incomplet¢n (%) 62 (28.4 73 (33.5 83(38.1
Primary completed, n (%) 68 (37.0) 50 (27.2) 66.935
High school completed, n (%) 18 (34.6) 26 (50.0) (184)
University/ College graduate, %) 3(33.3 3(33.3 3(33.3
Household characteristics
Total household members 5.9+2.2 5.6+£2.2 54+2.1 180.
Children <5 years 1.8+0.7 1.940.8 1.940.7 0.48
Access to protected well, %) 77 (48.4 75 (46.6 68 (41.2 0.6¢
Use of insecticide treated net, %) 161 (97.6 159 (95.2 161 (96.4 0.51
Primary income
Farming, n (%) 90 (55.6) 76 (47) 72 (44) 0.22

6.3.1 Micronutrient intake

Data are mean+SD, unless stated otherwise and n (%)

Table 6-6 presents the daily intake of some minerals frora thiet including the

complementary foods and phytate content of di@banonths of age by food groups. Infants in

combined WFL and CSB+ had significantly greatealet of calcium and iron than infants in

the WFC group. Moreover, infants in the CSB+ haghigicantly higher (p < 0.001) phytate:

iron molar ration than infants in the WFC and WHlhere were no significant differences in

phytate intake among the groups. The observed f@ndfants in the CSB+ and WFL to have

higher micronutrient intakes than infants in WFCynie explained by the fact that the two

improved complementary foods CSB+ and WFL) whiclreviortified, comprised a greater

proportion of daily nutrient intake in the groups.
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Table 6-6: Selected micronutrients intake from thaliet at 15 months.

Nutrient WFC CSB+ WFL P
Calcium (mg) 12%86, 167) 179(114, 243) 266 (167, 365) 0.01
Iron (mg) 4.8(3.5,5.1) 8.0° (5.6, 10.5) 10.7 (7.4, 13.0) <0.001
Phytate (mg) 284 (234, 334) 238 (194, 282) 284 (351)  0.43
Phytate: iron molar ratio  4%3.2, 5.6) 7.5 (6.2,8.8) 4.1° (2.8,5.4) <0.001

Row values with same letter superscripts were igoificantly different at p< 0.05 by one-way ANOVA).

6.3.2 Morbidity

There were no significant differences in the statdealth among the study groups in the
past month as about half of the infants were gdigeveell (p=0.07) and morbidity in the
pervious three days prior to the return visit fatadcollection were not significant for most of
the conditions/symptoms considered. Throughoutstinely and across the study groups, the
infants were well/alert and reported no major syon of disease except for coughing, audible
wheezing and running nose which were significarglyorted across all the food groups in the
first 2 months (p=0.02, 0.01 and 0.01 respectivélgple 6-7gives a summary of the morbidity

data by study groups at baseline.

Table 6-7: Summary of morbidity of the study partidpants by food groups (%)

WFC CSB+ WFL P
(n = 165) (n = 167) (n = 167)

State of health in

Past month [(%)]
Generally wel 55 57 58 0.07
Mild-self-limiting illness 28 15 15 0.90
[l and treated at clinic 14 29 7 0.90
Hospitalizatiol 3 2 1 0.2¢

Morbidity in the last 3 day:

[(%)]
Diarrhea 8 9 10 0.98
Vomiting 6 3 4 0.70
Fever 14 16 13 0.90
Cough 76.3 61 80.5 0.02
Wheezin 37.1 35 36.1 0.01
Running nose 20 20 20 0.01
Ear problems 0 0 0
Skin problem 12 9 16 0.57
Excessive crying 3 3 4 0.84
Eating problems 14 9 8 0.59
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6.3.3 Haemoglobin concentration and anaemia prevalence

Table 6-8shows that there was no significant difference@an haemoglobin concentration
at 6 months among infants in the 3 food groups. WEEB+ and WFL had 10.8 (SD 1.5), 10.7
(SD1.3) and 10.7 (SD1.4) g/dL haemoglobin respebtip=0.81). The mean haemoglobin
concentration at 15 months was 10.5 (SD 1.6) gldL3 (SD 1.3) g/dL and 11.0 (SD 1.8) g/dL
for young children in the WFC, CSB+ and WFL respaty and this was significant
(p<0.001). The same was observed for body ironest@nd transferring receptors. Ferrtin
remained insignificantly different among the thfeed groups and over time from 6 to 15

months (p=0.77 and 0.06) respectively.

Table 6-8: Summary of some biomarkers at 6 and 15 amths of the intervention by food

6 months 15 months
Variable Food ID n Mean+SD p-value n Mean+SD P

Ferritin(ug/l) WFC 87 45.4+48.10.77 92 24.6x29.3 0.06

CSB+ 83 49.5453.2 87 35.5+33.1

WFL 79 44.8+33.( 89 34.2+36.¢
Transferritin receptors as Ram WFC 87 11.8+3.£0.8¢ 92 13.5+5.7<0.001
assay equivalents(mg/l) CSB+ 83 11.9+4.1 87 11.2+4.7

WFL 79 11.6+4.1 89 11.6+4.1
Body iron store(mg/kg body weigh WFC 87 2.0+2.80.6C 92 -0.6+3.7<0.001

CSB+ 83 2.443.¢ 87 1.8+3.]

WFL 79 2.6£3.5 89 1.1+3.7
RBP as retinol equivalents(umol/L WFC 87 0.9+0.2 0.76 92 0.9+0.3 0.57

CSB+ 83 0.9+0.2 87 0.9+0.2

WFL 79 0.9+0.: 89 0.9+0.2
Creatin Reactive Protein(mg/L) WFC 87 7.2£13.90.91 92 6.0+£11.50.75

CSB+ 83 7.0£11.5 87 6.9£12.6

WFL 79 6.4+11.% 89 5.6£9.7
AGP(g/L) WFC 87 1.1+0.20.23 92 1.1+0.«  0.3¢

CSB+ 83 1.2+0.5 87 1.2+0.5

WFL 79 1.1+0.4 89 1.2+0.5
Haemoglobin(g/d WFC 164 10.8+1.t 0.81 14z 10.5+1.€ <0.001

CSB+ 16€ 10.7+1.C 137 11.3+1.

WFL 166 10.7+1.4 152 11.0+1.8

For anaemia prevalence, there were no differeimrcedl categories of anemia prevalence
among the intervention groups at 6 months (p=0@ii)e there was a significant difference at

15 months (p=0.01).
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Table 6-9: Categories of anaemia by food groups & months and 15 months

Anaemia Category Infants age N WFC CSB+ WFL P

Normal: Hb>11g/dl, n (%) 6 months 239 °gB.5) 80(33.5) 79(33.1) 0.91
15month 247 66%(26.7 92°(37.3 89%(36.00  0.01

Mild: Hb =1C-10.9g/d 6month: 133 44(33.1 4C(30.1 49(36.8  0.7F
15 months 98  f141.8) 223(22.4) 3%%35.7) 0.04

Moderate: Hb =-9.9g/d 6 month:  11¢ 38(31.9 45(37.8) 36%30.3,  0.7¢
5 months 79  F(39.2) 25(27.8) 26(32.9)  0.89

Severe: Hb <7g/dl 6 months 5 ¥4£0.0) £(20.0) 2(40.0) 0.95

15 month 4  F(75.0  1%25.0 0°(0.0) 0.2t

Each superscript letter denotes a subset of cagsgwhose column proportions do not differ sigmifidy from

each other at the 0.05 level. (WHO, 2002)

At 15 months the infants had significantly lower<®.01) anemia prevalence (Hb < 110
g/L) compared to the groups before interventitable 6-9shows the proportion of infants with

haemoglobin concentration less than cut-off both atd 15 months of age.

6.4 DISCUSSION AND CONCLUSION

The current study aimed to find out the effecthad tdible termites andagaasmall fish
and micronutrients fortified complementary foods amaemia and iron staus of infants 6-15
months in a resource limited setting. The 2 besdrpaters to assess iron status are ferritin and
soluble transferrin receptor (STfR) (Cook et abDP32). Ferritin correlates very well with iron
stores and sTIR is increased as a result of Iréisidecy (ID). Using both values together it is
even possible to calculate body iron stores, preshoonly possible with bone marrow staining,
the “gold standard” for defining iron deficiencyhdrnham et al., 2010). Because ferritin levels
are increased and RBP levels are lowered by imfiectit is important to identify study
participants with infection (Christian et al., 199hurnham et al., 2003 and Tomkins, 2003).
For this purpose C-reactive protein (CRP) is a goadsure of acute infections (Thurnham et
al.,, 2003; Wieringa et al., 2002). Patients witkevated CRP should be excluded from
evaluation or values corrected. If not, the resoifisained for iron and VA markers could lead to

a false-low rate of ID and a false-high rate ofaviiin A deficiency (VAD). The prevalence of
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common illnesses such as URTI were high in thesmnuanities. High prevalence of
micronutrient deficiency could play a crucial ratethe aetiology of these infections (Tomkins,
1981; Sepulveda et all988; Black, 1991; Black, 1998). However, one woakpect the
prevalence of illness to be higher in the commudie to the higher prevalence of marginal
VAD (marked by less than 20 micrograms/dL -WHO, 2P@nd elevated C-reactive protein
concentration (>5mg/L Pepys, 1979) (Nestel etl®99).

Fortification with vitamins and minerals clearlyepented the depletion of iron stores in all
the food groups. Despite the high iron content dible termites andlagaasmall fish, their
addition to WFC as ASFs did not improve infant itoody stores. There are several possible
reasons for this. One is that diets with phytat®nimolar ratios>6 have poor iron
bioavailability (Wise, 1983). However, only the CS8Bad a phytate-iron molar ratio greater
than this (7.5 compared with 4.4 and 4.1 for WFG@ &’FL respectively). It is therefore
unlikely that interference from phytate was theswmrafor the lack of benefit from WFC.
Alternatively, high prevalence of malariad0%) in this population (Noor et al., 2009; Githeko
et al., 2006) could be an important factor. Malgserasitemia has been reported to be a
common cause of anemia in this age group (Achidi.etL996; Binka et al., 1994; Menendez et
al., 1997). Besides the increased destruction @fbleod cells, reduced iron absorption and
disturbed iron metabolism during acute episodes |yMaux et al., 1989; Weatherall and
Abdalla, 1987; van Hensbroek et al., 1995) mayaase the requirement for iron above normal
physiologic needs. This was however not the cas@/feL and CSB+.

Although not intended for investigation initiallyhe results showed that infants fed the
ASFs enriched and vitamin and mineral fortifiedtslidid not have a significant increase in
plasma retinol between baseline and 15 months \@C, CSB+ and WFL). Typically,
complementary foods fed to infants in this popuolatcontain little vitamin A. Provitamin A

carotenoids in foods such as pawpaw, mangoes, arkdgdeen leafy vegetables are the main
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sources of vitamin A in the adult diet, but are nstally fed to infants and young children or
when fed as vegetables soups are usually in difoieds (results earlier shown). Breast milk is
therefore an important source of vitamin A for mf& However, breast milk vitamin A
concentrations could be low due to inadequate matefietary intake and poor nutritional
status (Haskell & Brown, 1999) as shown in ruratimess in southern Ghana where the average
breast milk retinol concentration was only 1.0 miadLartey & Orraca-Tetteh, 1990), which
is much lower than the 2.3 mmol/L value for welunshed mothers (Stoltzfus & Underwood,
1995). Owino et al., (2008) reported 307 micrograrngitamin A daily intake from breastmilk
in Zambia and attributed the observed high intakestamin A to the fact that in Zambia sugar
is fortified with vitamin A at a minimum rate of Iig/kg (Serimitsos and Fusco, 2001) while
sugar formed 20% of porridge dry recipe. The wask@wino et al., 2008) estimated that
vitamin A intake from sugar accounted for 63% ok tkotal vitamin A intake from
complementary foods. Lartey et al. (1999) alsomested that the total vitamin A intake (from
breast milk and other foods) between 6 and 10 magef by infants was only 50-70% of the
recommended 350 mg/d (Department of Health, 1991).

C-reactive protein (CRP), an indicator of infeatiovas not significantly different at
baseline and endline for all the food groups. s #tudy, only CRP was used as indicator for
inflammation. Though use of two indicators of imflmation has been recommended
(Thurnham et al., 2010; Grant et al., 2012;WHO, 2208yoya et al., 2010) wittul-acid
glycoprotein (AGP) thought to better reflect thearfe in concentration of ferritin, CRP is
currently recommended by WHO as an independentamali of the acute phase response
(WHO, 2007). Furthermore, CRP has recently beenvshio correlate with AGP and better
explains serum ferritin variance than other markdrsflammation (Ayoya et al., 2010). The
high prevalence of elevated CRP levels in the obildalso explains the slightly higher ferritin

levels in these children (>10 ng/mL according tzhPiet al. (1980). Since ferritin is also an
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acute phase protein it is known to increase witbation (Larade and Storey , 2004; Beck et al.,
2002) , the poor living conditions of the childr@avidenced by proxy indicators like source of
drinking water) may also contribute to the higheevalence of infections. The presence of
multi-micronutrient (Vitamin A and Fe) deficiencids an important finding though not
intentioned initially. Many nutrition interventicstudies focus on one micronutrient only. In the
light of the findings of this study it would be cial to address micronutrient deficiencies in
similar communities with a multi-micronutrient fditation approach. Giving only one
micronutrient, e.g. zinc, may potentially be dewimal to a child in creating a higher
prevalence of iron deficiency as zinc and iron cetagfor absorption in the body (Solomons,
1996).

Morbidity was not significantly different among tleintervention groups. The incidence
rates of diarrhea, fever, and respiratory illnessrewsimilar to rates reported for rural
Guatemalan infants (Ruel et al., 1997) and Ghamatd€l et al., 1999). The lack of effect of
micronutrient fortification on morbidity differs dm the results of some studies in which
supplementation with iron, zinc, or vitamin A didduce morbidity (Sazawal et al., 1995;
Angeles et al.,, 1993; Rosado et al., 1997; Rahniathet al., 1990). Inadequate statistical
power may account for this. For example, to dede80% decrease in diarrheal morbidity with
a power of 0.8, a sample size of 200 per grougéxiad. On the other hand, not all studies have
shown an effect of micronutrient supplementationnoorbidity (Dibley et al., 1996; Meeks
Gardner et al.,, 1998; Rahmathullah et al., 199D & is possible that micronutrient
malnutrition in these Kenyan infants was not seereugh to affect those outcomes.

Information on dietary intake provides some expl@mmafor the biochemical deficiency
seen in this population. From the repeat 24-hoetady recall data, the children did not
consume food sufficient in iron. The early introdan of complementary food may also

contribute to the deficiencies in micronutrientsr the community the average age of
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introduction of complementary food was about 4 rherdf age and the children often received
cooked vegetables soups prepared as part of thi meals. Although the children also
received traditional food it was most often onlyireameal porridge which has a relatively high
energy content, but insufficient in essential mizrvients. However, the 24-hour dietary recall
data showed that the majority of mothers use thesducts in a diluted form, so much so that it
cannot possibly supply the required daily need¢hdse products are the major source of food
for these infants; one can understand the exiskfigiencies.

Results from this study show that deficiencies itamin A and iron remain a concern
among rural setting children and with a bigger Irp@pulation (currently estimated at >60%-
Grillenberger, 2006); this affects a larger projoriof the entire population. With an increasing
population the magnitude of the problem may becanserious public health problem. Efforts
to improve complementary feeding in developing ¢oas have often focused on the use of
cheap, locally available ingredients as a way t&eamniese foods affordable to poor families.
Although these measures may improve the macromtittientent of the diet, the micronutrient
quality is often neglected. The results indicatat tfortification with vitamins and minerals
improves iron stores and redunces anaemia prewalsigoificantly. Fortification with some
nutrients such as iron and vitamin A may be thetrafisctive strategy while further studies are
still needed to look at the bioavailability of th@cronutrients available in the edible termites
since the complementary food with the edible tezmin this study did not perform to the level
of the micronutrients fortified foods.
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7. GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
7.1 INTRODUCTION

The primary aim of this thesis was to investigdte effect of consumption of edible
termites anddagaa small fish enriched and micronutrients fortifiecgrgninated grain
amaranth grain flours together with Corn Soy Bld?ids (CSB+) on linear growth and
weight gain, iron status and anaemia of Kenyannisfand young children 6-15 months of
age. To realize this, the research was organizedfaur studies in Mumias Sub-county; a
resource limited setting in Western Kenya whichedaria endemic.

Briefly, The first study Chapter 3) assessed the acceptability of two flours and gges
of complementary foods based on germinated graiaramth and maize with or without
edible termites andagaasmall fish named “WINFOOD Classic” (WFC) and “WINBD
Lite” (WFL), respectively, compared to CSB+ amongthers and young children. While
most mothers preferred WFL flour and porridge (€8.2nd 70.2%, respectively), all the 3
foods were found acceptable and further developedtested for efficacy with no adverse
effects throughout the study period and follow w@gstihg 4 weeks among the study
participants.

In a cross sectional survey with 618 children-cewesg pairs from the catchment areas of
Lusheya, Khaunga and Makunga health facilities imnivas Sub-county, malnutrition was
highly prevalent Chapter 4). The prevalence of stunting, wasting and underewas
35.7%, 4.1%, and 13.4%, respectively. Height-foe-agd weight-for-age deficits increased
rapidly in children already at 6 months, continuedl8 months old and were greatest in
children18-23 months old while remaining substalytiaelow the reference median with no
evidence of catch-up growth.

Chapters 5 and 6describe the effect of the improved (a micronuatriertified and ASFs

enriched) complementary foods on growth (length @e@jht) and the micronutrients status
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of 6-15 month old 1YC. Four hundred and ninety ninfants were randomly allocated to
receive either of the improved foods for nine menithile continuing to consume their usual
diet. There were no significant differences betwadarvention groups in length or weight
gain values between 6 and 15 mo of age. From 2tmad of age, Z-scores were lower in
cross section study infants than in the combingshiention groups. There was a significant
intervention effect of 0.6(SD1.6),-0.3(SD1.8) an®(8D2.0) for CSB+, WFC and WFL
respectively (p<0.001) with respect to haemoglatmncentration. Transferritin receptors as
Ramco assay equivalents and body iron stores ab i¥#eme significantly different from 6 mo
(P=0.002 and <0.001 respectively) with transferaneptors changing from 11.8(SD3.5) to
13.5(SD5.1) (mg/l) and Iron body stores from 2.083) to -0.6(SD3.7) (mg/kg body
weight) for WFC among others. The proportion oamt with anemia decreased from 51.8%
to 42.3% overall with a larger decrease among tiié and moderate anemic groups. The
other outcomes showed insignificant interventiofeafincluding the CRP concentrations.
Introducing the improved complementary foods indiet of 6-15 months old infants seemed
to reduce anemia observed over the 9 month follpvperiod. No benefit was observed in
length, weight and other outcomda. this chapter Chapter 7), a summary of the main
findings is presented, some of the methodologgsuies (internal validity) and key findings
(external validity) are presented as well as idigatiion of implications and suggestions for
future research are highlighted.

The current study demonstrates that a multi-selctoodlaboration approach can be
employed successfully to solve existing nutritiopadblems in resource limited settings as
evidenced by the input of the Universities (JKUAINITID and UoC), the small scale food
production enterprise AllGrain Limited and the coomity in ensuring the success of the
collaboration. The involvement of the communityoprio the intervention trial in assessing

the acceptability of the products contributed teithnput in the trial success. The study is
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unique having been designed to assess the impaichpybved complementary foods on
growth and iron status in a resource limited sgttifhe ingredients used to improve the
complementary foods especially the insects (edérmites) have never been tried before in a
Kenyan set up.
7.2 SUMMARY OF RESULTS

Overally, although the caregivers continued breasling and practised complementary
feeding as recommended by the WHO (2002), thesetipea were constrained by lack of
variety to choose from for complementary feedind arability to separately prepare meals
for the IYC different from the main family mealsurther, the intakes of important nutrients
such as iron and calcium were suboptimal. The tedufther showed that it is feasible to
produce an acceptable complementary food basedh®rutilisation of widely accepted,
already-in-use indigenous foods like edible termiteesults from the randomized controlled
trial show that there were no significant differeadn length gain, weight gain and total
energy intake among the foods and that the consompof fortified and edible
termitesflagaaenriched germinated grain amaranth-maize blengsawed haemoglobin and
body iron stores. Compared to the cross sectiodystilhe energy and the micronutrients
intakes were higher in the intervention groups ahdis apparent that traditional
complementary foods were displaced by the provissdrhigher quality complementary
foods.
7.2.1 Acceptability of the improved complementary foods and implications for future

scale-up and marketing

The results show that it is feasible to developeptable complete complementary food
based on locally available and already acceptaield. The dark colour observed for the
WFC blend(Table 3-3)by mothers may be attributed to several factorsramthem the

edible insects exo-skeleton with thickened areashith the chitin is reinforced or stiffened
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by materials such as minerals or hardened proieiparts of the body where there is a need
for rigidity or elasticity. The mineral crystalsamly calcium carbonate, are deposited among
the chitin and protein molecules via sclerotisativpom where they interpenetrate and
reinforce each other, the minerals supplying thedimess and resistance to compression,
while the chitin supplies the tensile strength éimel hardened proteins are called sclerotin
(Richard and Davies, 1977). The sclerotin is hardheither digest nor mechanically break
down by milling and remains as dark particles ia flour and which may have been disliked
by the caregivers. The vitamin-mineral premix usedfortification in this study had grey
colour and may have caused colour change thoudbnifisant. A study from Mexico
(Rosado et al, 2005) found similarly low sensorgres for color in a study designed to
assess the effect of fortification on maize flotabdity and acceptability. However, there
were no observable differences in colour betweenfaotified blends (CSB+ and WFL) in
the current study.

Overally, the observation that extrusion cookedidges were generally accepted agrees
with previous observations that mothers often fimgproved foods processed from locally
available staples attractive (Mensa-Wilmot et @02, Konyole et al., 2012; Owino et
al.,2007b). However, the feasibility of local miorgrient premix manufacture should be
assessed since the scale up of food fortificatictiviies in developing countries may be
constrained by limited capacity e.g. in handling atorage of micronutrient premixes hence
safety may not be guaranteed (WFP, 2006). Theydileshds were well accepted by mothers
and infants. The most feasible strategy for theketarg of the developed blends is to
distribute them through the health provision systemad non-governmental organizations
(NGOs) by emphasizing their benefits on micronufrstatus.

Infant growth in the study population may also hdeen affected by high aflatoxin

exposure due to the wide use of cereals and legfionesomplementary food preparation.
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Groundnuts and maize are among foodstuffs that racst susceptible to aflatoxin
contamination (Kaaya and Warren, 2005) while coriion of groundnut and maize-based
complementary foods has been associated with grfaitéring (Egal et al., 2005). Although
both aflatoxin exposure and impaired gut permegbédie associated with growth faltering,
(Gong et al, 2004; Campbell et al, 2003) theseofaatvere not included in the study design
due to budgetary and time constraints. Moreovegh Hevels of aflatoxins occurring in
human breast milk have been previously reportedNézlami et al, 1995; Abdulrazzaq et al,
2003). Although efforts were made to ensure thatptocessed blend had very low aflatoxin
levels, aflatoxin levels in traditional complemantdoods were not assessed. Extrusion
cooking used may have also resulted in reducedoaita levels as reported in a study
(Castells et al, 2005). Sorting also can be usedeabr in combination with other strategies
to produce aflatoxin-free foods (Fandohan et a)52@0wino et al., 2007b; Turner et al,
2005).
7.2.2 Complementary feeding and nutrient intake of children 6-15 monthsold

The dietary data show that energy and macronutrigtakkes of infants and young
children in the studyopulation were generally adequate, but intakesesfain minerals,
particularly iron and calcium were inadequate. Higkels of breastfeeding may have
contributed to the adequate intakes of many nusiefhe high levels of breastfeeding is
supported by the observation that over 98% of théhers were breastfeeding their children
at 6 months although some mothers introduced dtuels too early or too late. However, in
order to improve infant nutrition, it may be neaysto develop and promote fortified
complementary foods which are acceptable to andradble by families. A higher
proportion of mothers using traditional complemepntmods may have contributed to low
nutrients intake thus the need to improve themrdlgalso need to enhance the frequency

of feeding the infants as shown in Malawi (Hotz d@sitdson, 2005) where increased energy
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intake from complementary foods was attributed mremfrequent feeding especially given
that low frequency of feeding infants has been olegkin similar settings (Mamiro et al.,
2005).

The observed daily intake of food solids is withie range (< 25 g to > 250 g) for
developing countries (Lutter and Dewey, 2003). To&l intake of absorbable iron and
calcium is below recommended values (Lynch and8tw, 2003; Lutter and Dewey, 2003).
The observed intake of iron in the current studycamsistent with observations from
Tanzania (Mamiro et al, 2005) and Zambia (Owinalgt2007a) that complementary foods
provided 15%, 20% and 27% of iron requirementsiféants 6-8, 9-11 months and young
children 12-23 months, respectively and also sugpuatings from South Africa (Faber et al.,
2005) and Zambia (Owino et al., 2007a) that complaary foods were inadequate in iron
and calcium. This confirms previous observatiores these two micronutrients are among
those micronutrients of concern in developing cdaateven when strategies to improve their
bioavailability are employed (Dewey and Brown, 20@bson et al. 1998; Owino et al.,
2008).

As detailed inTable 2-5,other studies support these findings for examiplefanzania
Mamiro et al. (2004) showed that improved iron bdity and energy density of a
complementary food processed using germinated atwtlaved finger millet-kidney beans,
roasted peanuts and mango puree had no effectoavtlgrhaemoglobin concentration and
iron status of children 6-12 months old. The woskeoncluded that the slight improvement
in iron solubility as a result of processing was swfficient to offset the low iron content of
the complementary food. In Bangladesh, Kimmond.€R805) reported inadequate intake of
vitamins and minerals among breast-fed infants éatths old and attributed this to low
micronutrient density of complementary foods. Thiedihgs of the current study thus

strongly support previous recommendations that immiltronutrient fortification of
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complementary foods is required if the needs fosmiimiting minerals like iron, calcium
and zinc are to be met more so after the first Gthmof life.
7.2.3 Randomised Controlled Trial

The results show that consumption of improved cemmgntary foods resulted in
improvement in hemoglobin whereas length and wegglm were not affected.
7.2.3.1infant growth, haemoglobin concentration and iron satus

The observation that the provision of the studydfbad no significant effect on growth
over 9 months may be explained that energy anciprattake were not that limiting in the
study population. Moreover, any benefit of the bieron growth could possibly have been
confounded by the fact that some infants may haentHIV-exposed since HIV serostatus
was not considered at enrolment. Stunting markeddzyeased lean body mass is common
in HIV-infected infants (Arpadi, 2000) with HIV-ietted infants usually shorter and lighter
than uninfected children at birth and remains seei# months after birth in both sexes
(Moye et al, 1996). HIV infection has been assedlawith higher prevalence of underweight
in developing world e.g. South Africa (Mason et &005) and could also result in poor
intestinal permeability thus malabsorption of rents (Rollins et al., 2001).

Parasitic infection may also cause impaired gumgability (Goto et al., 2002) and has
been associated with low height-for-age in childuneder 2 years of age and low weight-for-
age in older children (Oberhelman et al., 1998) ®ecline in WAZ, HAZ and WHZ to
below the reference line can be explained by a thegassociation between the extent of
breastfeeding at about 3 months and weight gathenfirst 6 months of life that has been
observed (Ekelund et al., 2006). Moreover, longaiquls of breastfeeding as observed in the
current study may be protective against the riskoeérweight and obesity in later life
(Gillman et al., 2001) as a result of lower weigjatin in infancy (Ekelund et al., 2006).

Growth faltering despite continuation of breastiegdcombined with the provision of
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adequate complementary food in the first year f& fhay also be attributed to prenatal
factors (Dewey, 1998). Indeed Schmidt et al. (20d@2nonstrated that neonatal weight and
length (proxy of prenatal environment), stronghedict infant nutritional status at 6-7

months of age. Finally, predominantly or partialiyeastfed infants grow faster than the
WHO reference until 6 months of life, after whidetr growth is slower than the WHO

reference (Victora et al, 2010).

The current study shows that macronutrients were aadimiting factor and any
differences observed in growth and haemoglobin eotmation can be attributed to multi-
micronutrient fortification of the study blends. & hesults of the current study are consistent
with Moursi et al, (2003) that found improvementleémgth between 24-31 weeks in infants
given multi-micronutrient fortified maize-soya btnThe main differences between the
current and the Congolese study include the fattiththe Congo case complementary foods
were introduced at a younger age (13 weeks), thialistunting rate (15.5%) was higher than
that observed at 6 months in the current studyraedl frequencies were low with only 21%
of infants receiving more than two meals per dayhdugh an increased energy intake from
amylase-treated complementary gruel was observdatienCongolese study, there was no
impact on total daily energy intake. Energy intakay have been limiting in the Congolese
infants hence the positive effect of nutritionaenvention. The same was with Bauserman et
al. (2013) in Democratic Republic of Congo (DRC)ngsa caterpillar-cereal blend for 12
months. Indeed the DRC study concluded that thie imigial prevalence of stunting (66% at
18 months) and the non-significant growth respdostne micronutrient-rich food supplied
suggest that factors other than dietary deficiencientributed to stunting in the children.
Children who consumed caterpillar cereal had highemoglobin levels and lower

prevalence of anemia (Bauserman et al., 2013).
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Owino et al. (2007) in Zambia in a peri-urban rmdame setting observed improvement
in length using fortified complementary foods farly 3 months unlike other studies that
showed no improvement in growth with the provisarfortified blends in infants (Oelofse
et al., 2003; de Almeida et al., 2003) among otls&irmmarised inrable 2-5 Lartey et al.
(1999) found intervention effect on weight-for-agad length-for-age between 9 and 12
months, but earlier. Other multi-micronutrient sigmpentation studies (Faber et al., 2005;
Smuts et al., 2005; Hop et al., 2005) in infantgeh@ported no benefit on growth.

There were no significant differences in baselirmelyo composition data (skinfolds).
There was however significant differences at baselor MUAC and head circumferences
for WFC. This was unexpected since randomisatios eane and we attribute this purely to
chance. However, comparisons of skinfolds at 6 hmind 15 months showed a negative
difference though insignificant. This is attributéd change in fat mass where infants
especially those breastfeeding reduce in non-fagsmes they grow attributed to loss in
hydration from the initial about 79% to 73% asytlggow normally (Wells et al., 2002). It
has been observed that rapid weight gain in infameyrisk factor for later obesity (Wells et
al., 2005; Ekelund et al., 2005) and insulin resise (Singhal et al., 2003). However, the
effect of fatness in infancy on later obesity hasbeen adequately studied. This is important
due to the nutrition transition occurring in deysltg countries with higher availability of
energy-dense complementary foods (Uauy et al., 2001

The observed significant improvement in hemoglobtoncentration with the
consumption of the study blends supports what waeated and is attributable to the fact
that the blends were adequately fortified with mimrtrients including iron. The blends also
resulted in improved micronutrient status. The oleston in the current study of improved
haemoglobin concentration levels of about 6 g/Lhwite provision of the blends agrees with

Faber et al. (2005) in South Africa that fortifielaize-meal porridge resulted in 9 g/L
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differences in haemoglobin concentration. The d#ifees in effect levels between the two
studies may be explained by the fact that althaagtme South African study the length of
follow up was 6 months unlike in current study ofm®nths, there was more intense follow
up and encouragement to consume the study fodaeilsouth African study than was done
in the current study. The current study also fadifthe blends with iron at a lower rate
(5.2mg vs. 11 mg per 40g of dry product) compacethe South African study. The same
results were reported for other similar multi-censtudies (Hop et al., 2005; Smuts et al.,
2005) assessing the effect of multiple micronutrigmpplementation on infant growth and
micronutrient status among others detailed @ble 2-5with a few giving contrary results
(Lartey et al., 1999; Oelofse et al., 2001).
7.2.3.2Nutrient intake

The results show that there were no significarfedéhces in energy and phytate intake
from complementary foods, however the CSB+ groud k@nificantly lower intakes of
calcium, iron and greater phytate: iron molar mtmompared to WFC and WFL. The
observation that study complementary foods resuitettigher micronutrient intake was
expected and support results from similar studidsugsi et al., 2003; Faber et al., 2005) that
found increased iron and zinc intake among infgiven multi-micronutrient fortified maize-
based blend.
7.3 SOME METHODOLOGICAL ISSUES
7.3.1 Selection of study participants

The study participants can be assumed to haveasuladly increased provision of food
supplements, enhanced caregivers attention andlizorog to the feeding and completeness
of information obtained and consequently interradidity of the study. Children living in the
study area who were excluded from the study, ¢hgse who did not attend child welfare

clinic or did not meet the inclusion criteria midtave differed in certain characteristics from
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subjects under study with the consequence thaltsesannot easily be extrapolated to them.
However, the study was designed as an efficacyystdebre external validity is subordinate.
Further, it is likely that an effect of the intenteon might have even been greater in children
who due to less favorable living conditions wererenstunted, less well nourished, and/or
more prone to infectious diseases.
7.3.2 Allocation of study participants to study groups

The infants were individually randomized into thedy groups by sex in six blocks. The
treatments having been randomized by study paatntgpmeant that each health facility had
to be accessed for food delivery. Our study outme., growth (length and weight gain)
and iron status, are not likely to have been dyertfluenced by choosing the unit of
randomization because these are outcomes indepgemaferthe study participants.
Nevertheless, the validity of our results might énadveen affected by this randomization
process if children in the study groups differedcartain characteristics that influence the
outcome measures. In fact, children in the WFC gravere taller with higher MUAC and
Head circumference at baseline than the other remldWe however believe this was by
chance and that the results obtained are validh€yrother factors, such as sex, age, and
socio-economic status were controlled for in aklgses and we therefore believe that the
results are valid.
7.3.3 Blinding

In order to avoid information bias, it would haveeln preferable to carry out the study
with triple-blindness, i.e., study participantspject staff, and data analysts are kept unaware
of allocation. The nature of a community-based wtodl this magnitude and duration
providing food supplements made blinding virtuattypossible to be maintained throughout
the study especially in cases participants in dbffe food groups came from the same

homestead. However, the community and projectsstaéfre kept blind to study hypotheses
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as much as possible. Lack of total blinding couddehled to differences in measurements of
outcome variables between groups. Measurementstbfogpometry were not likely to have
been influenced by subjectivity of the enumeratas,against measurements of morbidity
that were more prone to participant and observiacef because they were collected by
interview. In order to minimize subjective influenmn data collection, a number of
procedures were incorporated in the study, sudhmikate measurements of anthropometry
by two enumerators, monitoring of intra-team anriteam measurement error, reliability
checks, repeated training, and rotation of enuroesdietween all health facilities. The lack
of complete blinding is therefore not expectedawehbiased the study results.
7.3.4 Assessment of outcomes

Morbidity was measured as disease events havingrect in the week prior to the
interview. This has the advantage that respondargs more likely to remember facts
compared with a longer recall period. Interviews arore prone to bias than measurements
such as those carried out for anthropometry, becaug., the educational status of the
respondent might influence their knowledge aboweases. However in our study, the
educational level of caregivers, who were the maspondents in the interviews, were
comparable between groups and this was not likelyave affected the validity of the recall
based measurements. Due to financial and logistesdtictions, morbidity interviews were
carried out only once per month and children whoewfeund severely ill or anaemic at any
time point of the study were referred for treatmavtiich would have been unethical not to
do so. For these reasons, illness prevalence aedityemight have been underestimated. Of
particular concern are diseases that do not oceguéntly and might not have always been
captured by the interviews. However time samplimgro9 months and over all seasons

should have given a fair estimate of morbidity.

140



Most importantly assessment of morbidity was simita all children in all groups and
validity of results, which is based on group conmgaars, is therefore not likely to be affected.
Nevertheless the lack of sensitivity in measurirayloidity might explain our findings on the
effect of the food supplements on morbidity thoitglas not a primary outcome.

7.3.5 Study duration

Food supplements were provided for 9 months argldbiation can be expected to have
been sufficiently long to detect any changes inminoand micronutrients status. Studies of
micronutrient supplementations could already denmates an effect on growth for durations
as short as 3 months (Owino et al., 2007a). Indeady studies have been able to record
differences in 6 months (Lartey et al., 1999; Fabeml., 2005). However, quantities of
micronutrients provided in those studies were miigfner than those provided by the food
supplements in the current study and impacts eggddotbe seen faster.

7.3.6 Dataanalyss

Data analysis was carried out on an intentiongattbasis and involved all children who
were originally included in the study irrespectofeheir compliance or dropout.
7.3.7 Confounding

The study outcomes can be influenced by variousrdtctors than the provision of the
food supplement. Growth as well as micronutriertetus is the result of genetic and
environmental influences. Growth and micronutriestatus can largely be attributed to
nutritional wellbeing and exposure to and treatneénnfectious diseases. Underlying factors
are therefore socioeconomic status and other faofiracteristics. Randomization should
have assured that potential known and unknown codfing factors were balanced amongst
groups. However, due to unexplained reasons, sguolyps might have differed in certain

characteristics affecting the outcomes. This pmoblevas addressed by adjusting the
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multivariate models for age, sex, socio-economiatust and various others potential
confounders.
7.3.8 Environmental stressors

Probability of the high prevalence of diseaseshsag malaria and intestinal parasites in
the study children as has been observed in simdtings (Siekmann et al., 2003) may have
contributed to anorexic effects, impaired nutrietsorption (Prentice and Paul, 2000),
micronutrient losses in urine, increased metabglesna/or impaired transport of nutrients to
target tissues (Stephenson, 1999; Brown et al.0)199onsequently, energy and nutrient
requirements might have been increased in theremldnd nutrients provided by the food

supplements are likely to not have been used foftiiepotential.

7.4 STUDY LIMITATIONS

Although the right amounts (based on recommendeldiesaand manufacturer’s
instructions) of mineral and vitamin premix was eddo the blends and that thorough
mixing was done during industrial production, itsmaot possible to perform micronutrient
analyses on the final products. The loss of subjecfollow up at about 14% was larger than
the 10% that had been assumed based on previaliessin Ghana (Lartey et al., 1999) and
South Africa (Faber et al., 2005) in similar seginThis could have been due to among other
reasons the longer intervention time of 9 monthbkernin the 2 cited studies where the
intervention time was 6 months each. The curresg was however lower than 28% observed
in a similar study in a mid-income group though &oshorter period of 3 months (Owino et
al., 2007a)Out of the total of 499 mother-infant pairs (16%,Xhd 167 for WFC, CSB+ and
WEFL respectively) that were recruited into the gtaahd received the study complementary
blend at least once, 63 (89%) mother-children paiese relocated for various reasons
including family reunion with spouses in the citeasd separation of spouses due to domestic

wars. Few (4) were children of single parents drarothers left to be married elsewhere.
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One mother reported that her infant did not like tilend (WFC) while one mother was
dropped upon realising during the compliance visitd she actually sold the blend and did
not feed it to her child. One mother could also Iettraced at the initial given address nor
through phone number as she was actually a visitarhome in the study catchment area and
she did not declare this at recruitment. Eightritgg11%) died due to illness in the course of
follow up.

Based on results that showed that energy intakenetiimiting in this locality, it was
postulated that iron deficiency anaemia would benofe importance in this setting and this
is supported by Maberly et al. (1998) that reponmeidronutrient deficiencies to affect a
much larger proportion of the population than thes® have evident clinical symptoms and
infants and that children in both urban and ruedtisgs are likely to be affected. A sample
size that would allow for detection of difference$ at least 5 g/L in haemoglobin
concentration (Lartey et al, 1999) was calculatéd. 80% power and 5% significance we
needed at least 58 infants per group. Allowinglf@%o loss to follow up, a total of 65 infants
were to be recruited per group. Based on the nusribéirper study arm at endline we could
detect about 1.0 g/L differences in haemoglobinceatration since the numbers recruited
were higher than 65 making the findings valid.

The second limitation of the current study is thekl of a pure control group. Ethically
the foods having been improved were deemed supemar thus there was no non-
intervention group to compare with. Although histal events (Cook and Campbell, 1979)
occurring between the cross section study and tioeoé the intervention period (after 9
months) could have affected any observed differeraetween intervention and the cross
section control group, comparisons in this study mainly confined to CSB+ as a positive

control given that the WFP is currently recommeqgdise of the same in similar settings.The
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cross section study results were subject to sehs@miations and lack of randomization
when recruiting the subjects.

The other possible source of error in the currémdys could have been the leakage of
porridge to other members within the index infarfiéimily or to families not in intervention
thereby reducing the daily ration for the participating IdhiTo prevent intra-household
porridge leakage, the mothers were told to feed gheidge to the study child only.
Moreover, nutrient intake data in this study mayiimted by lack of continuously monitored
compliance data. The data obtained was based dmensbmonthly verbal report on the use
of the blend and a one off compliance household iisa sub-sample of the intervention
study group. It was difficult for mothers to keedad diary during this study given the
literacy levels.

The inability to assess factors such as aflatoxjos permeability and HIV infection that
could confound growth and haemoglobin concentratisicomes are also other shortcomings
of the present study. Owino et al. (2007a) hightghsome of these factors as issues of
concern. The fact that infants who had symptomsesfous illness were excluded at 6
months in the intervention groups may have indub&s. To avoid any bias due to
instrumentation, all measuring equipment were caldd regularly. Weighing scales were
calibrated weekly. Batteries for the Hemocue hadaimg concentration meter were oftely
checked and replaced.

In summary the study was faced with a number oivdeecks which should also be
considered in future studies. Some of these drakebaere:

1. Inability to determine the malaria parasitemia ttueomplications with the slides

preparations

2. Haemolysis of the drawn blood samples thus drdbticeducing the sample size for

the biochemical determinations.
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3. Inability to determine intestinal parasites (or ttohfor them eg by deworming)
which have been shown to contribute to malnutriisrpart of the infections

4. Inability to determine serum zinc as earlier plahrmeaking us drop the zinc status
from being an initial specific objective

5. Inability to determine IGF-1 which could have flietlenabled us to explain the

growth phenomena observed.

7.5 GENERAL CONCLUSION

The habitual diet of the children in the study ai®af poor dietary quality with low
intakes of animal source foods and high preval@fdeadequate intakes of certain nutrients,
particularly calcium and iron. The linkage betwewrrients supply, growth and morbidity is
critical, mostly in the very early years of lifeyttalso thereafter. Prevalences of simultaneous
multiple nutrient deficiencies, stunting and dissasn the children is high and it was
assumed that the provision of food supplements \aitimal source foods and multi-
micronutrients fortification would improve theirawth and iron status. The benefits of the
porridge blends for infant growth are modest; hosvethere is greater evidence of benefits
on haemoglobin concentration and micronutrientnfirstatus which could lead to improved
child health. This could mean that adequate nutgensumption alone will not significantly
impact the problem of stunting in the rural aredsWestern Kenya. Further, the early
stunting (prior to 6 months) among breastfed irdanight be caused by factors other than
dietary deficiency (e.g., pre-natal factors or emwmental enteropathy). The industrially
processed fortified complementary foods based arallp available and widely used
indigenous ASFs like edible termites addgaasmall fish could thus be used to improve
growth, haemoglobin concentration and micronutgefiton) status among infants in
resource limited, malaria endemic settings in depiely countries. Further work on the effect

of the improved complementary foods on growth aodlybcomposition is recommended.
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7.6 STUDY APPLICATIONS

This study was carried out as part of a larged a@onymed- The WINFOOD study
using the same complementary foods. WINFOOD is édnty the Danish International
Development Agency (DANIDA). Apart from growth amdicronutrients (vitamin A and
iron) status reported in the current study, chilevelopment outcomes were measured
alongside, body composition (as lean and fat masg),mental and motor development and
results reported elsewhere. These additional measants may help bridge the limitations
identified in the current study when the interpi@ta are made all inclusive. Moreover,
subject to further investigations, the current gtpdovides a model on how generic foods
based on the concepts discussed herein can beodedeblnd optimised for the target

populations based on their context.

7.7 IMPLICATIONS

The Global Strategy for infant and young child fegd(WHO, 2002; WHO, 2005)
recommends that infants be exclusively breastfethi®first six months of life and thereafter
should receive appropriate complementary foods wathtinued breastfeeding for up to two
years or beyondTlhe alleviation of growth impairment is complicateyg the complexity of
growth mechanisms, however, it is certain that immeous multiple nutrient deficiencies
play a role. Multiple micronutrient deficienciesese too common in rural areas in
developing countries. When choosing a suitableitrarnr intervention strategy to address
micronutrient malnutrition it has to be considerttht functional deficits may not be
alleviated by the provision of single micronutrignt

Although the addition of the edible termites addgaa small fish and the multi-
micronutrients fortification did not bring aboutl @ahe expected effects, study findings
indicate that micronutrients contained in high amtsuand in a bioavailable form are

beneficial for hemoglobin and iron status improvetria the setting of the study population.
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The promotion of edible termites amthggafish as animal source food consumption by
children therefore seems to be a viable food-bagguioach to provide highly bioavailable
nutrients simultaneously to children and at theeséime to improve iron bioavailability. The
study findings suggest a possible beneficial effecthealth particularly in improving iron
status.

Food-based approaches are rather long term sadutaming at the prevention of
micronutrient deficiencies than a short-term cdioecof the problem and can lead to more
diverse diets with an improvement of the overaktdguality. The question arises how
feasible it is for low-income households in devahgpcountries to increase production and
consumption of edible termites. There are sevarasiraints that might limit an increase in
household production of the edible insects but cneq to the conventional animal source
foods like milk, meat etc they could be cheaper mwaode friendly to the environment as has
been indicated by other workers (Oonincx et alL@@onincx and de Boer, 2012). A policy
environment needs to be created to support sutiatines as this could create jobs and
support contribution to value addition. It mighsalbe linked with other positive outcomes,
such as increased knowledge about foods, nutriind health, an increase in dietary
diversity, an improvement in nutritional status,daimcome generation and especially in
settings where the indigenous animal source foodsafready acceptable (Ayele et al.,
2003;Gibson et al., 2003;Maretzki & Mills, 2003; ¢¥oet al., 2003). Processed foods based
on edible insects have been developed (Ayieko .et2800), such as buns and might be
another possibility to increase their consumpti@peeially in older children who can
consume the solid products as buns. When develgmiograms that aim at increasing the
consumption of such animal source foods in childrpatential constraints have to be
evaluated within the specific context and nutritieducation components such as social

marketing and positive deviance approaches habe tocluded. Key to any successful and
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sustainable food-based program is the involveménthe community through participatory
approaches.

Given that the diets of children in developing cm@s are generally very low in fat, the
dietary fat provided by edible termites and sukk foods is even advantageous because it is
a concentrated source of energy and enhances &beavpfat-soluble nutrients. Further, it is
not likely that any additional fat provided by amihfoods would result in fat intakes that
exceed current recommendations (Haskell & Browr@71Newman et al., 2003; Rivera et
al., 2003; Murphy et al., 2003). However, the pttdradverse health effects linked with an
increased intake of such foods should not be ighdrg policies that focus on such
production promotion efforts (Popkin & Du, 2003).

Nutrition is interrelated with poverty and enviroemal factors, and issues of safe water,
sanitation and caring practices need to be addtdssany nutrition program. Deworming
children has been shown to improve the iron statnd physical growth of children
(ACC/SCN, 2001) and the prevention and treatmermfettions, particularly helminths and

malaria, can have immediate benefits for growth laealth of affected children.

7.8 FUTURE RESEARCH
The use of locally available ASFs as edible tersnddagaa small fish to process

improved complementary foods should be further araged to enhance the acceptability
and to reduce complementary food cost. This stadycates that infants may not receive
enough nutrient levels from traditional foods ttowal for adequate growth and haemoglobin
concentration. There is currently limited data dme tbenefits of locally processed or
commercial fortified indigenous animal source foods.g. edible insects) based
complementary foods and especially the nutritignadth but neglected on growth and
nutritional status of infants thus need for morekvo

Based on the results of this study further reseasrobbcommended in the following areas:
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1. There is need to further interpret the findingshef current study in the light of other
collected data on body composition using the staldaterium isotope to assess the
impact of the nutritional intervention on infant dyo composition to ascertain what
comprises weight gain (fat or fat free mass).

2. Evaluate the contribution of pre-gestational andtatgonal nutrition on early infant
stunting.

3. Examine the aetiology of stunting prior to 6 mondisage, including environmental
enteropathy

4. Determine if dietary interventions, such as WFC anN&L will be efficacious if
coupled with other interventions like dewormingddidn of Vitamin C in the diets etc.

5. Assessment of the marketability of industrially geesed fortified complementary
foods based on locally available ASFs like edilelenites and others of the kind in both
urban and rural settings.This should be along thighcostings to assist in correct pricing.

6. Investigate in a collaborative research the padgyild raise the edible insects for such
kind of interventions and what could be the ecomob@nefit to the local populations if
the efforts can be done by the locals as an ecanaativity.

7. What is responsible for rapid decline in weight-ége in infants from 6 months of age
even in the presence of nutritional interventiothviortified complementary foods?

8. Assess what is the likely effect of short-term iianal intervention with fortified
complementary foods between 6 and 15 months ofomgtater development of adult
diseases such obesity, diabetes or insulin resistan

9. Acquire knowledge about detailed composition of own meals, particularly their
content of micronutrients and their absorption potemrs and inhibitors if realistic
recommendations in dietary modification are to baden to improve micronutrient

bioavailability.
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ANNEXES

ANNEX 1: CSB+ FORMULA, MICRONUTRIENT RATE AND CHEMI CAL FORM
PER 100 GRAMS PRODUCT

WEFP technical specification for CSB+, vers.1.6

N° Ingredients Percentage (by weight)
1 Corn (maize white or yellow) 72.05- 77.05

2 Whole soya beans 20-25

3 Vitamin/Mineral FBF-V-10 0.2

4 CaCO03 (calcium carbona 1.1¢

5 Ca(F2PCy),. H2C (mono calcium phospha 0.8C

6 KCI (potassium chloride 0.7¢

The composition of the micronutrient pre-mix isnteal in CSB+
Micronutrient rate and chemical form for CSB+
Targe Chemical form
Vitamin/Mineral FBF-V-10

Vitamin A 1,664 IU Dry vitamin A palmitate 250 n.s
Thiamine 0.128 mg Thiamine mononitrate
Riboflavin 0.448 mg Riboflavin

Niacin 4.8 mg Nicotinamide

Pantothenic acid 6.7 mg Calcium d-pantothenate
Vitamin B6 1.7 mg Pyridoxine hydrochloride
Folate 60 mcg  Folic acid

Vitamin B12 2 mcg Vitamin B12 — 0.1% spray dried
Vitamin C 100 mg Ascorbic acic

Vitamin D 4 mcg Dry vitamin D3 100 CWS
Vitamin E 8.3 mg Vitamin E 50% CWS

Vitamin K 100 mcg vitamin K1 5% CWS

Iron (a) 4 mg Ferrous fumarate

Iron (b) 2.5mg Iron-sodium EDTA

Zinc 5 mg Zinc oxide

lodine 40 mcg  Potassium iodate (KIO3)
Carrier Qs Malto dextrin

Other minerals

Calcium (a) 470 mg  Calcium carbonate (CaCO3)
Potassium 400 mg  Potassium chloride (KCI)
Phosphort 200 mg Mono calcium phosphate CafPOy),. H20
+ Calcium (b) 130 mg
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ANNEX 2: LETTER OF MEDICAL NECESSITY OF A STUDY SUB JECT
Child Name

Child Study ID
ATTENTION FOR CLINICAL REVIEW:

This letter provides a medical necessity for a icéh review of -

(child name) hereby acaoieg by the mother/guardian/care

giver following (reason fefemral e.g. poor growth e.t.c)

observed in the last months in @arviention study we are currently

undertaking in Western Kenya and in which the ref@infant(s) is a participant. Accept this

notification as such from Dr/Mr. (print physician

name) of health facility vilags examined/observed/prescribed

and recommended that the prescription/recommendatioare necessary for

below for purposes refedefides document does not guarantee

coverage for the listed item(s)

Diagnosis or reason for medical necessity

Physician Signature Date

Diagnosis and reason for medical necessity

For more information do contact any the followinghat order:

TO OR OR
The researcher (PI) The Director, The Secretary,
Attn: (Silvenus Ochieng Konyole), | UNITID KHN/UON Ethics
Institute of Tropical and Infectious | P.O. Box 19676-00202, Research Committee,
Diseases, University of Nairobi NAIROBI. Kenyatta National
(UNITID). Tel.:0202726765, Hospital,
P.O. Box 19676-00202, Email: unitid@uonbi.ac.ke Hospital Rd,
NAIROBI. Attn : Prof. B.B.A. Estambale | P.O Box 20723,
Tel.:0202726765/0723 269 286 NAIROBI
Email:konyole2000@yahoo.com Tel 726300-9.
Fax: 725272
Email:KHNplan@Ken.He
althnet.ori
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ANNEX 3: A STUDY FOOD SAMPLE QUALITY REPORT

Report Ref: KEBS/IES/1181/M/11

Date: 02 March 2011

1. Description of Sample: - Amaranth Based Flours

2. Sample Submitted by:
3. Customer Contact:

Jomo Kenyatta University of Agriculture & Tech.
John Ndungu
4. Customer's Ref. No:

5. Costomer's Address: ~ P.0. BOX 62000-00200, Nairobi Kenya

10. Additional information provided by the customer:
Winfood Lite

11. Acceptance criteria-title and number of specification against which it is tested:

SAMPLE

BS/03532/11

6. KEBS Sample Ref.No:
7. Date of Receipt : 18 February 2011
8. Date Analysis Started: 21 February 2011

9. Sample Submission Form No: 47608

14

Not Applicable ¢
12. Parameters tested and Method (s) of test: as lisied in the report below é
‘; LABORATORY TEST REPORT ° 4
No. Paramelers Results O Requirements, Test Method No 10D
1% coli clg Not detected \ Not Specificd TESMIGTV/T 10
2. Salmoaella /308 Not dem;{ Not Specified. TESMICTVAS 1
Please note that tests marked with an * are covered by our current UKAS accreditation scope.
COMMENTS/REMARKS:
The sample performed as shown
/,)
(%Wu@
Clarkson £gembo - Manager, Microbiology Laboratory 02 March 2011
FOR: MANAGING DIRECTOR Date of Issue
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ANNEX 4: FIELD INTRODUCTION LETTER-UNIVERSITY

UNIVERSITY OF NAIROBI

Institute of Tropical & infectious Diseases
Otfice of the Director

College of Health Sciences P.0. Box 19676 - 00202
Kenyatla National Hospital Nairobi - Kenya.
Tel 254-20-272 6765 E-mai: gy
Fax. 254-20-272 6626 Website: hip-funitid vonbi acke
2710zon
The District Medical Officer of Health,
Mumias Distrct,
Dear Sir,

RE: LETTER OF INTRODUCTION - SILVENUS OCHIENG KONYOLE

This &5 to confirm that Mr. Sivenus Ochieng Konyole, Registration Number WB0/0217/10 i= a PRD
(Mutrition) student in University of Nairobi. He iz preparing to underiake data collection and has applied
for ethical clearance o carry out research on the “Effect of improved complementary foods on growth,
iron and zinc status of Kenyan infaniz”. The study will be camed out n Mumis Distnct of Westemn
Province.

The purpose of this letter is to azk you to allow him carry out an acceptability test of the mtervention
foods that will be used [ater for the controlled randomized tnial. The foods have been analyzed in the
laboratory of Food Science and Post harvest Technology of Jomo Kenyatta University of Agnculture
and Technology and found to be both safe and meeting the nutrifional requirements for the target group
of infants (6-23 months)

Kindly accord him the necessary assistance.
Regards,
| |
T%ﬁﬁm laky
~ . i

PROF.BENSON B.A. ESTAMBALE.
DIRECTOR
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ANNEX 5: FIELD INTRODUCTION LETTER-MINISTRY OF HEAL TH

¥ Ji i |

P
MINISTRY OF PUBLIC HEALTH AND SANITATION
I Medical Officer of Health,
aellleph;mi ,920212]!28,0 Mumias District,
Ou:£éf i P.O. Box 494 — 50102,
f MUMIAS.
. Date: 1 March 2011

The Health Officer,

In-charge Makunga Health Centre,
P.O. Box 494,

MUMIAS.

Dear Sir,

RE: SILVENUS OCHIENG KONYOLE,

The above named is a PhD (Nutrition) student in University of Nairobi. He is currently carrying
out a data collection on the “Effect of improved complementary foods on growth, iron and zinc
status of Kenyan infants” as per the attached letter of introduction.

He has been received by the DMOH and is deployed to your station for data collection and any
assistance required.

Thank you.

Yours faithfully,

b - .,‘ - V'\
o Wi

Mr. Mariga Peter, .

FOR: Medical Officer Of Health

MUMIAS DISTRICT L
MEDICAL OFFICER OF HEALTH
MUMIAS DISTRICT #="
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ANNEX 6: STUDY QUESTIONAIRES-ACCEPTABILITY AND CROS S SECTION
STUDY

WINFOODS ACCEPTABILITY QUESTIONNAIRE
MARCH 2011
1.0 INSTRUCTIONS
1. Select children who are between the ages of 6 Imsottt under 24 months (Use
vaccination cards, or health card to ascertain age)
2. Explain to each carer that this is a new food ardmant to know what they think of
it so that we can make it even better.
3. Emphasize that the food is nutritious and thaag& heen tested in certified laboratory.
4. Ensure friendly environment for each child to ta$te food, without other children
prompting a response.

. After explaining the study, ask the parent/guardasign the informed consent form.

. Measure and record child’s weight, height/lengttpasdemographic table in page 3

only on the FIRST day

7. Mothers will prepare porridge as a group

8. Each child will be served porridge individuallygraduated cups

9. Amount of porridge served and amount left afterdfieg must be recorded (advice
mothers not to pour out the remaining porridgerdéeding)

10. During feeding observe child’s behavior and redasl 1) child signaling for more,
2) child turning head away at second offer, 3)ahkjitting food, 4) child smiling, 5)
child crying, etc).

11. After feeding, provide mother with 100g porridgeut and instruct her to prepare
the porridge at home and feed the child

12.Find out about how the child consumed porridgeomé the following day

o 01

CHILDID:- _/ [ | DAY ___ DATE:- [/ /2011

WINFOOD ACCEPTABILITY TESTING
INFORMED CONSENT FORM
I, being the parent/ guardian of L e - (name of the
child), have been given the explanation aboutghigy.
| have understood what has been explained to mengmglestions have been answered
satisfactorily. | understand that | can change nrydnany time and it will not affect the
management of my child.
Please fill the boxes as required:
[] Please tickl have agreed to allow my child to participate
Parent/guardian’s signature--------------- Date—------------- (dd/mmlyyyy)
Parent/guardian’s name --------------- TenR------------- @4hrg
(Please print your name
| certify that | have followed all the study procees in the S.O.P for obtaining consent.
Investigator's /nominee’s signature--------------- Date -------------- (dd/mmlyyyy)
Investigator’'s / nominee’s name  ------------------- Time ----------------- (24hrs)
(Please print your name
The Parent/Guardian’s thumb print as named above e /she cannot
write
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CHILDID:- /[ [ [ DAY ___ DATE:- [/ /2011
1.0 DEMOGRAPHIC INFORMATION

DEMOGRAPHIC INFORMATION AND ANTHROPOMETRY

Age Months Location:  Sub-location:
Sex Male O Female] Length .__cm
Birth weight . Kg(N/A for missing cards)

Current weight . Kg MUAC .___Ctm
Others No of siblings Birth order __ out of

No of children <5yrs in the HH
Total No of people living in the HH

Is the child breastfeeding Y |N

Is the child weaned?Y

N
If, weaned, Is the child receiving any kind of puased/donated food
Y N

Is
4

If Yes, specify the kind of purchased/donated foods

Were you involved in Global Network project/ MOMM®obe for the
2. Y N

What other project are/were you involved in and wwirare/are the
benefits?

Project: -------======m=mmmm -
BENEFitS: =-mmmmmmm oo e

Health questionnaire

I. HEALTH
1. Has child been ill in the last TWO days? Y&s NoO Don’t know O
2. Do you know the name of the illness? Y&s No O
If yes, specify
3. General symptoms:
Fever? sY@ No O
Cough? és NoO
Diarrhoea? \@s NoO
Vomiting? YEb NoO
Fits? YesO NoO
Stomachache &s NoO
Skin rashes &s NoO
Difficulty breathing? Y& NoO
Other? Specify
4. Did you do anything to treat the illness? ¥&s NoO
If yes, state: frequen
>Bought medicines from shop? Fes [ 1] NoO
>Went to traditional healer? YesO L] NoO
>Went to clinic/dispensary? YesO L] NoO
>Went to hospital outpatients? eskl [ 1] NoO
5. Admitted to hospital? Yes[O [ ] No OO0
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CHILD ID:- _/ |/ DAY ___ DATE:-___ /2011WINFQOD ID:- _ [/ | [/

3.0 FEEDING OBSERVATION

Preparation

Provide porridge in graduated cup to the parenuagdian together with a plastic spoon.

Ask the mother to feed the CHILD with porridge &akk notes.

Ask the mother to give the PORRIDGE to the child.
1. Watch the child’s facial expressions as thest fiee the food. Record the child’s
expressions according to the scale (1-5) providsovia-

1. Dislike extremely

2. Dislike slightly

3. Neither like nor dislike
4. Like slightly

5. Like extremely

2. Ask the mother to feed the baby. Observe acwordeexpression as the child receives food
first. Use scale (1-5) as below:-

1. Dislike extremely

2. Dislike slightly

3. Neither like nor dislike
4. Like slightly

5. Like extremely

3. Observe and record expression as the @tkeives food in subsequent offers. Use
scale (1-5) below:-

1. Dislike extremely

2. Dislike slightly

3. Neither like nor dislike

4 Like slightly

5. Like extremely
4. Observe and record child’s behavior during eghent offers of porridge(Tick all
applicable)

. Child signaling for more aggressively

. Child accepts porridge passively

. Child turns head away,

. Child spitting food,

. Child smiling while eating,

. Child crying, refusing to eat

. Child crying, but eats

. Child vomits

. Any other observations on the child’s reactothe food.

©CooO~NOoOOULA~WNE

................... 5. Write down any other commemiade by the mother / carer or the child
that are not  captured above. e

6. How much porridge did the child consume durimg feeding?

Amount served (ml) = A

Amount spilt (ml) =B

Amount left (ml) = C

Amount eaten = - (B+C)
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4.0 FOLLOW UP ON DAY AFTER OBSERVATION
Adherence Questionnaire (Ask mother the following gestions)

1. Were there any problems with the porridge whepg@red at home?
If yes, explain e
2. How much porridge was the child able to eatoand?
None Ya Y Ya All
3. Did anyone else in the household share thedger?
If Yes, Tick as many as appropriate
Adult Sibling Other child
4.  If child, in 3 above, what was the agehaf thild? months
5. Did the other child (in 4 above) like thejdge? Use scale below (1-5):-
1. Dislike extremely
2. Dislike slightly
3 Neither like nor dislike
4. Like slightly
5. Like extremely
Health questionnaire
I. HEALTH
1. Has child beenill in the last TWO days? Y&s NoO Don’t know O
2. Do you know the name of the illness? Y&s No O
If yes, specify
3. General symptoms:
Fever? sYé No O
Cough? és NoO
Diarrhoea? \@s NoO
Vomiting? YEb NoO
Fits? YesO NoO
Stomachache ks No O
Skin rashes &s NoO
Difficulty breathing? Y& NoO
Other? Specify
4. Did you do anything to treat the illness? ¥&s NoO
If yes, state: frequen
>Bought medicines from shop? ks 1] NoO
>Went to traditional healer? YesO L] NoO
>Went to clinic/dispensary? YesO L] NoO
>Went to hospital outpatients? eskl [ 1] NoO
5. Admitted to hospital? YesO L1 No O
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CHILD ID:- _ /[ [/ DAY _ DATE:- _/_ _ /2011 WINFOOD ID:- _ /[ [
3.0 FEEDING OBSERVATION
Preparation
Provide porridge in graduated cup to the parenuagdian together with a plastic spoon.
Ask the mother to feed the CHILD with porridge &aice notesAsk the mother to give the
PORRIDGE to the child.

1. Watch the child’s facial expressions as thest iee the food. Record the child’s

expressions according to the scale (1-5) providsovia-

1. Dislike extremely

2. Dislike slightly

3. Neither like nor dislike
4. Like slightly

5. Like extremely

2. Ask the mother to feed the baby. Observe aoordeexpression as the child receives food
first. Use scale (1-5) as below:-

1. Dislike extremely

2. Dislike slightly

3. Neither like nor dislike
4. Like slightly

5. Like extremely

3. Observe and record expression as the wkeives food in subsequent offers. Use
scale (1-5) below:-

1. Dislike extremely

2. Dislike slightly

3. Neither like nor dislike

4 Like slightly

5. Like extremely
4. Observe and record child’s behavior during eghent offers of porridge(Tick all
applicable)

. Child signaling for more aggressively

. Child accepts porridge passively

. Child turns head away,

. Child spitting food,

. Child smiling while eating,

. Child crying, refusing to eat

. Child crying, but eats

. Child vomits

. Any other observations on the child’s reactiohe food.

©CooO~NOoOOULh~,WNE

5. Write down any other comment made by the mothkarer or the child that are not
CAPLUIEd ADOVE === m e e e

6. How much porridge did the child consume durimg feeding?

Amount served (ml) = A

Amount spilt (ml) =B

Amount left (ml) = (

Amount eaten = - (B+C)
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4.0 FOLLOW UP ON DAY AFTER OBSERVATION

Adherence Questionnaire (Ask mother the following gestions)
1. Were there any problems with the porridge whepared at home?

If yes, explain e
2. How much porridge was the child able to eatoahé?
None Ya Y Ya All
3. Did anyone else in the household share thedge?
If Yes, Tick as many as appropriate
Adult Sibling Other child
If child, in 3 above, what was the agehaf ¢thild? months

Did the other child (in 4 above) like therpage? Use scale below (1-5):-

4
5

1 Dislike extremely

2. Dislike slightly

3 Neither like nor dislike
4 Like slightly

5 Like extremely

Health questionnaire

I. HEALTH
1. Has child been ill in the last TWO days? Y&s NoO Don’t know O
2. Do you know the name of the illness? Y&s No O

If yes, specify
3. General symptoms:

Fever? sY@ No O
Cough? és NoO
Diarrhoea? \@s NoO
Vomiting? YEb NoO
Fits? YesO NoO
Stomachache s NoO
Skin rashes &s NoO
Difficulty breathing? Y& NoO
Other? Specify
4. Did you do anything to treat the illness? ¥&s NoO
If yes, state: frequenc
>Bought medicines from shop? ks 1] NoO
>Went to traditional healer? YesO L] NoO
>Went to clinic/dispensary? YesO L] NoO
>Went to hospital outpatients? eskl [ 1] NoO
5. Admitted to hospital? YesO L1 No O
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CHILDID:- _/ /| DAY ___ DATE:- __/ _ /2011 WINFOOD ID:- _/ [ [
3.0 FEEDING OBSERVATION
Preparation
Provide porridge in graduated cup to the parenuagdian together with a plastic spoon.
Ask the mother to feed the CHILD with porridge &akk notes.
Ask the mother to give the PORRIDGE to the child.

1. Watch the child’s facial expressions as thest fiee the food. Record the child’s

expressions according to the scale (1-5) providsovia-

1. Dislike extremely

2. Dislike slightly

3. Neither like nor dislike
4. Like slightly

5. Like extremely

2. Ask the mother to feed the baby. Observe acwordeexpression as the child receives food
first. Use scale (1-5) as below:-

1. Dislike extremely

2. Dislike slightly

3. Neither like nor dislike
4. Like slightly

5. Like extremely

3. Observe and record expression as the @tkeives food in subsequent offers. Use
scale (1-5) below:-

1. Dislike extremely

2. Dislike slightly

3. Neither like nor dislike

4 Like slightly

5. Like extremely
4. Observe and record child’s behavior during eghent offers of porridge(Tick all
applicable)

. Child signaling for more aggressively

. Child accepts porridge passively

. Child turns head away,

. Child spitting food,

. Child smiling while eating,

. Child crying, refusing to eat

. Child crying, but eats

. Child vomits

. Any other observations on the child’s reactothe food.

©CooO~NOoOOULA~WNE

5. Write down any other comment made by the maothkarer or the child that are not
CaPLUrEd ADOVE . =====mmmm e e e e

6. How much porridge did the child consume durimg feeding?

Amount served (ml) = A

Amount spilt (ml) =B

Amount left (ml) = C

Amount eaten = - (B+C)
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4.0 FOLLOW UP ON DAY AFTER OBSERVATION
Adherence Questionnaire (Ask mother the following gestions)

1. Were there any problems with the porridge whepared at home?

If yes, explain -—— - e
2. How much porridge was the child able to eatoahé?

None Ya Y Ya All

3. Did anyone else in the household share thedge?

If Yes, Tick as many as appropriate

Adult Sibling Other child
4 If child, in 3 above, what was the agehaf thild? months
5. Did the other child (in 4 above) like theppdge? Use scale below (1-5):-
1. Dislike extremely
2. Dislike slightly
3
4

Neither like nor dislike

Like slightly
5. Like extremely
Health questionnaire
I. HEALTH
1. Has child been ill in the last TWO days? Y&s NoO Don’t know O
2. Do you know the name of the illness? Y&s No O
If yes, specify
3. General symptoms:
Fever? sY@ No O
Cough? és NoO
Diarrhoea? as No O
Vomiting? YEb NoO
Fits? YesO NoO
Stomachache s NoO
Skin rashes s NoO
Difficulty breathing? Y& NoO
Other? Specify
4. Did you do anything to treat the illness? ¥&s NoO
If yes, state: frequen
>Bought medicines from shop? ks 1] NoO
>Went to traditional healer? YesO L] NoO
>Went to clinic/dispensary? YesO L] NoO
>Went to hospital outpatients? esid [ NoO
5. Admitted to hospital? YesO L1 No O

Child Feeding Practices:Ask mother/caretaker following questions and recamswer as
verbatim as possible.
1. What are the circumstances under which babiesdr® f

2. What infant behavior is regarded as normal dureegling?

3. Which are the foods that your child likes most?

4. Why does the child like the food(s)?

5. Which are the foods that your child dislikes most?
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6. Why does the child dislike the food(s)?

7. What are the reasons that will make the baby NO&atas usual?

8. Think of words describing feelings of satisfactmfiithe baby

9. How is/ or was child feeding done in times of sigfc

SENSORY EVALUATION QUESTIONNAIRE FOR W INFOODS FLOUR BY
MOTHERS/CAREGIVERS
Hedonic Test
Name: Date Panelist No.
You are provided with three (3) coded samplesairil
A. Please rate the samples (1-5) according to the gralided below by filling in the
table against each sample and attribute.

1. Dislike extremely

2. Dislike slightly

3. Neither like nor dislike

4, Like slightly

5. Like extremely
Sample Color/ Aroma Texture Overall
Code Appearance preference
841
86¢
871

Any other comments:
B. Which of the three flours did you prefer most?
C. Why did you prefer the flour?

SENSORY EVALUATION QUESTIONNAIRE FOR WINFOODS PORRI DGE BY
MOTHERS/CAREGIVERS
HEDONIC TEST
Name: Date Panelist No.
You are provided with three (3) coded samples ofigge.
A. Please rate the samples (1-5) according to the gralided below by filling in the
table against each sample and attribute.

1. Dislike extremely

2. Dislike slightly

3. Neither like nor dislike

4, Like slightly

5. Like extremely
Sample Color/ Aroma Taste Mouth feel/ Overall
Code Appearance Texture preference
543
568
571

Any other comments:
B. Which of the three porridges did you prefer most?
C. Why did you prefer the porridge?
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WINFOOD PROJECT
CROSS-SECTIONAL STUDY PROTOCOL IN WESTERN KENYA

PROJECT MESSAGE
WINFOOD Project-Cross sectional Study, Nov —Dec 201

Salutation/Greetings!

We are researchers from the WINFOOD project basethea University of Nairobi and
JKUAT. We are studying nutritional status of chiéddré months to 2 years (24 months) old. | would
like to ask questions about yourself, the eatingepa and health of your child. We will also measur
the child’s height, weight among others. The resolt the study will help us find better ways of
feeding children in Kenya and Africa. The infornoati you give us will be confidential. Your
acceptance or rejecting of this offer will in noyw@mpromise services/ privileges offered to you in
this or another hospital or other projects you iamlved in. Do you accept to participate in this
activity?

INTRODUCTION AND SOCIO-DEMOGRAPHICS

1. Health centre nan| | 2. Infant Id:lj:l:l

3. Date of dietary assessment : / [ dd/menlyyyy)

4. Name of mother (careta| |

5. Village | |

6. Household Name: | |

7. Nearest landmark (e.g. school, market church| |

8. Mother (caretaker) telephone contact | |

9. Secondary telephone contact (husbands/nelgmaewﬂ |
10. Name of mfa* |

11. Does (name) have a clinic/growth monitorg@aYeD No
12. Date of birth
13. Sex of infant: M D F

14. Infants’ birth order

15. Is the infant (name) a t Yes D No
If No, go to question 18!

16. If Yes, Name of the twin sibling

17 Sex of the twin &bl@ r@r
18. Did infant (hame) pu an Insecticidated bed net Dnight’? Yes D
19. Age ofmain caretm (in Years)
20 Sex ofmain careta |_|
21. What is the relationship gfain caretaker to the infant (name):
1) Mother 4) Sister/brother
2) Father 5) other (specify)
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3) Grand mother

22. If answer to question 23 above is mother, hamyrchildren has she given birth to?

23. Marital status afnain caretaker:
1) Married
2) Widowed
3) Single
4) Separated
5) Divorced
24. Religion of main caretaker:
1) Protestant
2) Catholic
3) Indigenous churches
4) Muslim
5) Others (specify)
25. Educational status pfain caretaker:
1) Unable to read and write
2) Informal education (e.g. tailoring, mechanics)
3) Primary education completed
4) Primary education and informal course (e.gotaij, mechanic, driver etc)5)
Secondary/High school completed
6) College/University graduate
26.Main source of income for the household:
1) Farming
2) Self employed
3) Salaried employment
4) Remittance
5) Other (specify)
27.Total number of people in the household
28. Number of children under five years of agehim household
29. Main source of thelrinking water for the household?
30. INFANT MORBIDITY

A. In the last one week, the baby been......... (CIRCLE OH)
1. well

2. mild illness but recovered without treatment

3. moderate illness which needed drugs or clinic ¥siee nurse
4. serious illness requiring doctor

B. In the past week, has the baby had: (1=yes, 2=9no Yes/No

Convulsion:

Loose watery diarrht

Diarrhea with blood or muc

Coughing

Running nos

Feve

Difficulty in breathin

Vomiting

Eye problem (redness, dischat

Ear problem (discharge)/p:

Feeding poorly

Lethargic chilc

Skin rashe

Constipatiol

Other morbidity; specil

Medicine taken —(1=Yes, 2=No)
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C. Dietary assessment
| will now ask you some questions about bre=fifepof yoy-—qfant
31. Is the infant (name) currently breastfeed Al
32. If No, at what age did the infant (name) st ths
33. Do you use any kind of milk apart from bre rﬁ
34. If yes indicate type of milk used?
35. Apart from breast milk, does the child (namet)any othe|_|od? Yes D No
36. If yes, what was the first food introduced?
37. At what age did you introduce the food?
38. Is there any type of commercial infant foodtfaia you use for child feeding? D D
No
39. If yes, what is the source?
I will now ask you some questions about how thiarihfed since yesterday

E.FOOD RECALL FORM

Village Date of data collection /| Daj week: Time of Recall: /|
Time Food & Raw ingredients Weight of total Serving | Amoun
Place Description* cooked ingredients Size t Eaten
Foods | Quantity (9) (9)
items

For animal source food, food description shouldude: 1) local name of the animals (be
specific with different species of aquatic anim&sparts eaten (skin, head, meat, bones etc)
3) Type of serving in general (soup, fried) antbical name.

NB: Every morning calibrate the equipment to ensureaccuracy.

40. Infants anthropometric indicators

Indicator Reading 1 Reading 2 Reading 3 Average
Weight (kg)

Length (cm

MUAC (cm)

Head circumference (ci

Triceps skinfold (mrr

Biceps skinfold (mm)
Subscapular skinfold (mt
Supriliac skinfold (mm)

Oedema (Yes/No)

Thank you for your time.
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ANNEX 7: STUDY QUESTIONAIRE FOR THE RANDOMISED TRIA L

RANDOMISED CONTROLLED TRIAL OF THE EFFECT OF IMPRMD
COMPLEMENTARY FOODS ON INFANT GROWTH, BODY COMPOSION AND
GROSS MOTOR DEVELOPMENT

WINFOODS PROJECT
DATA COLLECTION QUESTIONAIRE JANUARY 2012

SECTION 1: Enrolment and Admission (6 to 6.5 months)

. Health centre nan| |

. Date of Admission : / / (dd/mmyyyy

. Name of mother (careta| |

4. Village |

10.
11.

12.

13.
14.
15.
16.

17.
18.

19.
20.
21.
22.
23.

24.

. Name of infarﬁ

. Homestead Namd |

. Nearest landmark (e.g. school, market, chum:ﬂ |

. Mother (caretaker) telephone contact | |

. Secondary telephone contact (neighbour’s 1 |

Does (name) have a clinic/growth monitoringl@ares |:| NO|:|
Infant’s date of birth: / / (clabtyyyy)

Age of infantJ | months

Sex of infant: D F

Infants’ birth order |

Is the infant (name) a twin s ’_P
If Yes, Name of the twin s |

Sex of the twin sibling:
Is the infant (name) currently breastfeediD Y |:|No

If No, at what age did the infant (name) st(mabtfeeding| | Months
Did infant (name) sleep under an insecticidated bed net last nigq P(es D
Age of main caretaker: , (ing)ear

Sex of main caretak

What is the relationship of main caretakeh®ihfant (name):
4) Mother 4) Sister/brother
5) Father 5) other (specify)

6) Grand mother
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25. Marital status of main caretaker:
1) Married
2) Widowed
3) Single
4) Separated
5) Divorced
26. Religion of main caretaker:
1) Protestant
2) Catholic
3) Indigenous churches
4) Muslim
5) Others (specify)

27. Educational status of main caretaker:
1) Unable to read and write

2) Informal education (e.g. tailoring, mechanics)

3) Primary education incomplete

4) Primary education completed

5) Secondary/High school completed
6) College/University graduate

28. Main source of income for the household:

1) Farming

2) Self employed
3) Salaried employment
4) Remittance

5) Other (specify)

29. Total number of people in the household

30. Number of children under five years of agehim household

31. Main source of thelrinking water for the household?

32. CLINICAL EXAMINATION

A. Well/alert................. 1

Restless/irritable............. 2
GENERAL CONDITION Abnormally sleepy...............3

Sleeping, could not be assessed.............

B. RESPIRATORY RATE/MINUTE

(count for 60 sec and repeat) 1 2:

C. COUGHING YesS ....coc...... 1 No. .2

D. RUNNING NOSE Yes ..cocoennnnn. 1 NOwoiiiiiie 2

E. NASAL FLARING Yes . ..oooo..... 1 NO...ooveiie Z

F. AUDIBLE WHEEZING OR GRUNTINC YesS ....cc....... 1 NO.ooiiii :

G. SEVERE CHEST INDRAWIN( YesS ....cc....... 1 NO.oii

H BULGING FONTANELLE YesS ....cc....... 1 NO.oii

l. EYE PROBLEN (redness, discharg Yes ............. 1 NOoovevi il

J. EAR PROBLEM(e.g. dscharge Yes ............. 1 NOoovvvi vl

K. SKIN RASH OR PUSTULE YesS ....cc....... 1 NO.oii

L JAUNDICE YesS ....cc....... 1 NO.oii

M. TREATMENT REQUIREL NONE....i it el
Home care without medicine............2
Home care with medicine................ 3
Hospitalization............................4

N. OEDEMA YesS ....cc....... 1 NO.ooiiii :
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MUAC

P. AGE CONFIRMATION | e,
Q DECISION TO RECRUI' Yes ....oouunnns

33. INFANT MORBIDITY-CARETAKERS REPORT

A. Since the last ONE WEEK, the baby been......... (CIRCDEE)
5. well

6. mild illness but recovered without treatment

7. moderate illness which needed drugs or clinic ¥siee nurse

8. serious illness requiring doctor

In the past week, has the baby had: (1=yes, 2=n0)

e¥/No

B.Convulsion

C.Loose watery diarrh

D.Diarrhea with blood r mucut

E.Coughin

F.Running nos

G.Feve

H.Difficulty in breathing

I. Vomiting

J.Eye problem (redness, discha

K.Ear problem (discharge)/p:

L.Feeding poorly

M.Lethargic chilc

N.Skin rashe

O.Constipatio

P.Other morbidity; <ecify

Q.Medicine taker- (1=yes, 2=nc

37. INFANTS ANTHROPOMETRIC INDICATORS AT RANDOMIZAT

Indicator Reading 1 Reading 2

A. Weight (kg

B Length (cm

C MUAC (cm)

D Head circumference (cm)

E Triceps kinfold (mm)

F Biceps skinfold (mn

G Subscapular skinfold (mi

H Suprailiac skinfold (mn

38. DIETARY ASSESSMENT

| will now ask you some questions about breadifegof your infant
A. Is the infant (name) currently breastfeeding%D NOD

B. If No, at what age did the infant (name) stoedsttfeeding|
C. Do you use any kind of milk apart from breaskmil Ye

D. If yes indicate type of milk used?

F. If yes, what was the first food introduced?

[ ]

E. Apart from breast milk, does the child (name)azey other food? Ye|_| ID
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G. Is there any type of commercial food you usecfold feeding? Yes No
H. If yes, what is the source?

38.FOOD RECALL FORM
Village Date of data collection __/__/_aPofweek: _ TimeofRecall: __ /
I will now ask you some questions about how thanfed since yesterday at such a time

Time

Food & Raw ingredients Weight of total Serving | Amount
Place Description* cooked ingredients Size Eaten
Foods | Quantity (9) (9)
items

*For animal source food, food description shouldude: 1) local name of the animals (be
specific with different species of aquatic anim&sparts eaten (skin, head, meat, bones etc)
3) Type of serving in general (soup, fried) andbical name.

NB: Every morning calibrate the equipment to ensureaccuracy.

39. COMPLIANCE
I will now ask you some questions about the util@a of the complementary food that you
have received before in the household

A. Can | please see the food filledNFOOD ration packs

from the monthly food ration? No. of empty packs ................
Answer refused .........coocveiiiiiniiee e, 88
DON't KNOW ...oovviiiiiiiiiiiciieens e 99
B. Can | please see the emptyNFOOD ration packs fron
the monthly food ration? No. of empty packs ................
Answer refused .........coocveiiiiiniiee e 88
DONt KNOW .. 99
C. Yesterday, did you prepare and serve any o YES ittt 1
WINFOOD food you received? NO e 2
Answer refused ........ccooooeiiiiiiiiiiiis 8
(If No to this question — end the interview) DONt KNOW ..ooveeeiiiieicee e 9
D. How many TABLESPOONS did you use to prepar:
food yesterday? No. of used TABLESPOONS...
Answer refused ........ccoooeiiiiiiiiiis 88
DONMTKNOW ..o 99
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E. Yesterday, who in the household ate the prep
WINFOOD you prepared?

Circle ALL applicable answers

(Another child in the HH under 5 years of age
(Another child in the HH 5 years or older)......
Father ...t
1Yo 11 1= .
Elderly member ........ccccoooviiiiiiiiiieeieeeeee
Other (SPECIfY) ..uuvieiiiiiiiiiie e,
Answer refused .........cocveeiiiiiiiicemm e
DONEKNOW  ...eviiiiiiiiiiiicceiicc e

F. (Yesterday, what proportion of the preparelNFOOD
you prepared was eaten by (name)?

(Circle ONLY ONE answer)

(NONE) e
(Less than %2).......veeeiiiiiiiiiie e ceeme e
(About half).....cccvveeiii e
(MOSL) e
(AL )
(Answer refused)..........cccoeviiiiiieiis i
(DON't KNOW) ...

40. BLOOD SAMPLING AND HEMOGLOBIN MEASUREMENT

A.Haemoglobin (g/dl) determined on site

B.Ferritin (mg/dl)

C.Transferritin receptors(mg/dl)

D.Creatine Reactive Protein

E.AGP

F.Plasma Zinc (mg/dl)

*To be measured on site USING HEMOCUE MACHINE
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ANNEX 8: STUDY ETHICS CLEARANCE

KENYATTA NATIONAL HOSPITAL
Hespital Rd. aong, Mgarg Rd.
PO Bex 20723, Yaimbi
Tal T23300-2
Fau: 725272
Tolegrams: MESEUPY, Marabi.
Ernail: KHAnlangken. Healhrstorg

Ref: KNH-ERG! &80 7r Aol 2611

Sivenus Ochigng Kanyale
WALEIZ17]

UNITID

Univeraity of harobi

Dear Konyole,

RESEARCH PROPOSAL: EFFEET OF IMPROVED COMPLEBENTARY FOODS 0N GROWTH, IRON AND 2IMC
STATUS OF KENYAN INFANT S [PAIR1252078)

This is to -1farmn you fha the KNHAUOR. Sthics & Researck Commilies has reviewed
and approved your above revised research proposzl for the periad 7 Apeil 201 —
ER Apil 2012,

You will be required o raquest for a renewa of Ihe approval T you interd ko continue with e stady beyand
the deadlire given. C earence Tor axpart of bialegical specime 1s rost alsp ba obtained ‘rom
KNH!UON-Zthics & Research Committze for aacn baich,

1 benaff ot tha Comraittee, Fwish vou & fuithil rescarch and look forward ta recani=g a sumesary of
e regearch findings upen comaletion of the stutdy.

~his informatan wall farm part of tha data bass that will be consulted ir luture wien processing
related research sludy €0 &2 lo minirize chances of study duplication.

Youra slnesrely, B e
it /f s

PROF A N GLANTAI e .

SECRETARY, KNHAON-ERC P "

oG The Deputy Directar C3, KN \“ BRAETT 2
Tha HOD. Records, KNH g H S
Superdisors  Fraf B, A, Estambale, UN'TIO) g

Drr. ¥ictor . Crwing. Valld Nulrition, Konya

214



ANNEX 9: SAMPLE INFORMATION AND CONSENT FORM

Annex 15: Information and consent form — in English
The Winfood Intervention Study

INFORMATION FOR PARTICIPANTS IN A STUDY TITLED
Alleviating Childheod Malnutrition by Improved Utilization of Traditienal Foods (WinFoed)

Hello, my name is . 1 work with the

University of Nairobi Institute of Tropical and Infectious Disease (UNITID).

The most vulnerable age group for lack of good mutrition (undermutrition) as well as lack of
vitamins and minerals (micronutrient deficiencies) is children from 6 to 24 months of age,
which is the time the child receives new foods in addition to breast milk (complementary
feeding) period. At about 6 months, when breastmilk must be complemented with other
foods, these foods must have high confents of energy and nutrients to maintain the high
growth velocity. We are doing a study, where we will compare four types of complementary
foods given to children in terms of effects on growth, nutritional status and wellbeing, Two
of the complementary foods are similar to the usual cereals used to wean off infarts from six
months but with added termites and omena which all are very rich in iron and zine. The other
version has added the fish and a premix of vitamins and minerals. The last two
complementary foods are Corn-Soy-Blend (CSB+ and CSB++), which is normally distributed
by World Food Programme (WEP). Both CSB products contain the important vitamins and
minerals, but CSB-++ also contains milk powder. If you choose to join the study, we will ask
you to feed your child with the given complementary food in pre-prescribed amounts
depending on age in the next 9 months. We cannot inform you which of the foeds you will be
given, because you and all the other participants will be chosen randomly. We don’t know
which kind of complementary foods works best and therefore we do this study. During the 9@
months period you will receive a monthly ration and we will ask you to bring your child to
each monthly food distribution and permit for the following examinations of your child as

outlined below by our trained staff.

Questionnaires

You will be asked questions about family situation, your child’s health and development,
breastfeeding pattern and your child dietary intake at beginning of the study and contimiously
until the end of the study. You do not have to answer any questions that you do not want to
answer.

Clinical examination
Every month the child will be examined by a health professional, where temperature and

blood pressure will be measured. The health professional will look for signs of symptoms of

HOSPITAL
57 APR 201

poH COMMI X

87

ETHICE & REIOA
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diseases or maimutrition. If your ehild 15 severely anacmue or malourizhed, you and vour
whifd will be referved for weatmenn,

e
Weight, height, am etreimmfarence, head clieumference amd thickness of fat &l seversl places

o the budy will be measured at sach month of the study.

At the beginning and the end of the stady, we will messure the child hody size by aple
isutope deuterium-labelied water. First we will santple saliva from your child, about one
teaspoon (max. 2 ml), then give your child staple isotope demtarium-labelled water { 2H:00)
which i diluted imnnomal drinkisg stezile water (abowd one spoon= 10 mLy We need you o
wait al the mobile-clinic for three hours, where we agam will sample one feaspoon saliva
from your child The steple otope deuterium-lsbeled water is natirally osoouning,. -
radivactive and ne health risk at sl Dentermim does already exist naturally in your bady
fhoid.

(5.3

wﬂlﬁg and af the end of the study, we will tae about one teaspoon of bload frem
your child"s frmer elbow, We will test your chikl's bleed for anasmia, the iron il zine status
other mirient deficiencies. pereral mfection and measute Fat anoust of growth hormones
The blood will not be used for anylhing elke.

Yo participation 15 enfirely vour chotce. Whethier youi choose fo parlicipats or net, it will
not affect the ofher services you and vour family receive fiom health cenlers or other
government authoritics. Although we hope you will contine with the stady Lot @ manths,
you can stop participating with the study any time duritg e sludy.

Oply minimum and absohrtely aecessary mvas ive procedures will be carried our your infant
during this study and this will be 1o more than would be done durivg 2 normal routing
examination. The amount of blood to be drawn on the twe oesasions 1o littls (3ee) and will
nat o eauss any haim to the subjects. Standard operaimg procedures of andlmg potentially
fections blood and hlood produsts will be strietly Followed during the study.

The wound inflicted on the mfants during invasive procedures will be sterilized and drossed,
No redical findings of @ subject will be commumicated to ofher subjscts. Infinly thal show
poct growth durmg the shady will be referred for care Any unanticipated discovary of a
subject’s unknown condifion (disesse, ci¢) a5 a result of smdy procedures will be
communeaied to the parentksgal muardian of the subjects, I necessary, the infunts will be
teferred for freamens and’ or counsslling There will be no immedsate digsst benefil Lo the
study participants apart fom the high nutrient dense foods thal will be given to the infanls
which are likely 1o enbance their mutritional slatu:.; amsl improved kncwledge Lo mothers on

nfant and young ehildren feeding On tegiomal and national seale, the neate

wm*fa NM!:J-'\:AL Hﬁ&ﬂf&k .
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& sunple adapable methad for developin complemeniry foods fron loodly swilabis Bul
neghted foods spaedfically adapted B e stuation n Kenya, The complaitenlicy foods
Aeveloped for this sludy are to be viewed a5 medsls G how coinplermeny foods san e
mmatcer o Togal foods. Poneirial nses of the develomed Foods will Be in dealth and At
programs - soned At food-dpeors and vilnepdile popmlations: amlor ingame-geereting
projects. The proposed inlervantion Touds vompars fivamdily witk: the euraily distibued
o Say Blend by the Wil Frod Frogram s ne adverse avents eapected. The children
wll ewevsr be costimonsiy aivered and parertsierdiame achvizad 1o seek car nease ol
-awyunaspectad obsenvasion: Trieee ofany, the paliesr wiil be refine] and trospored o (e
Rty wnicapnete beallh Dol 18 peed be, Univernety of Mawobi Instings of Tropical end
infectiss Tiseases will havesponsthla (o the pritizipal vestigatet f fod tha tisslient
ulalesicel injues 1eguliing from infis perticipation irslidy peocschires,
s welerstared thiat e dirn of this study 3 to nnderstand G amounts of diffieee Toods and
{bear cffoers o infms, e s, U food thar will e provided by the study projeer. fovds il
ame tradionally vesd by others o fead ehalinen and the cig-soy blead whish ue te gl
stanvids for malmzrnicesd ehilden and sepphod oy World Food Progra,

T e b il irliormmed of this stody and 1 am e it gheaihd T ool wish 1o paricijte
i chis ey i will mor atfet e trostment of moyself or my stold. Egually shonbl T coment

s parhicipation T will net be gves sy snsrisl services o0 b g et iyt o7 g it

Vagrea o dliow & st v my bonve 0 ferview an thil T will alioarthe shucly grong: o ask
e ihe e and ansiuits of Toods | prepars fon iy baby twn il allow dhs sty gy o s
e b nateh of eash food iy babs weillactelly s

I agree o me allow the specid water %o be mven to my chuld to drsk when provided on
selested daps over one diy an twe oovssons, || agres that 1wt sllaw e sludy protn T

ooliect slivalurine ot iy elild and 4yl crer the selsgled das an o piowsions,
Digree te allow Le sty gecup o colleot Wood cabot 2 ile spoatfil-tence Gmng tha
sludy) from sy chold so ey Bt & meime Ememaglobn comeertration, o md mne

stams ot el fecilnjes

b agres i aliow the siady sroup fo essmre miy efilds weixiy, Fengity, bend oinoum fersngs

and slanalds
————
EENTVATTA HaTiom - =
5 2 HIONAL Hpe
ﬁ'ﬁfﬂ i'*'i!:"':‘f-ﬁ'e' L=
I' &4
BTHw 4 BN N
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Dagree to uliow de study syouvg e mensore my weighs,

T agres Lo Teceve U puckel of Toad fhat will he provided by fhe sbudy feam after wll e

et egerts

Thia consent i anis velid forthiz sty Lharsby corsent fo participste

Tho you have any uestions? 1 sk any tima during the snidy yoi have dny questions, yansan

gontact The reseatcher ar any of the other [Farties whosa eatitacts ars given balovw;

[Researther (Pracipal mvesisatory. |
Hilvenes Ockisme Kooyols

Tnatizute of Trogacal and. Tnfeotions
Drizenses, University of i

| FLC Box 10aTR-0020%2, NATRGR
| Tel030278705 Mkl 1230 T3
| 26

Emait; - Beoyede2 00&Tvalaeomn

ik Oi o ]
The ireetee The Sty
st of Trapics i PRt . S
Infectians Discases, Uniersityof | FiVUSH  Bilies Resoad:
g | romsies; -
P B TR Km:.liu.b:_ Ha::]ma] Huepital,
NAITOR. Hespital Reel.

P B 20722, [NATROBE

el INTTIETRS,

Exnenii: wnitidiguanbian e
Al - Prof B B AL Estimtile

Tl TXE2000

e 725277

elegrams: MEDSLIP, Mairohi
Emuid:EHM 0z Ken Heliime g

W would Ik sk foe yoir prrticiation i the sturdy aow. TF posy agres to parhicTiate with

siur el the shudse flense shpn or sk o the Box below,

Hignatare or thambprin of the caregver.

Tor study fieldworker

Thave read the dousem_fbam I gty eqruety to the cargiivir of 0w child,

Srgmalare-af shady fioldworker:

Maiwg | 1 prod)
Tiafe {damonth/vear);

{ !

Lisave weopy ol te corwent form with the earepiver Cirzle the taleghone manber oatle page
L ermune fhat fhey wderstatyd they can call For mows wbormation
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ANNEX 10: ANNUAL ETHICS RENEWAL APPROVAL
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ANNEX 11: ETHICS APPROVAL- SAMPLES SHIPMENT FOR ANA LYSIS

D o
-, LS
s . Ly ieaan s

g, ] =
UNIVERSITY OF NAIROBI KENYATTA NATIONAL HOSPITAL
COLLEGE OF HEALTH SCIENCES PO BOX 20723 Code 0202
PO BOX 19676 Code 00202 KNIVUON-ERC Tel: 7263009
Teleprams: varsity Email: wonknh cre@unobi,ac ke Fax: 725272
{254-020) 2726300 Exr 44355 Website: www.unobi.e.le Telegrams: MEDSUP, Nairoli

veaw.uenbi ac kefactivities/KNHUoN

Ref: KNH-ERC/SH! 10 22 May 2013

Silvenus Cchieng Konyole
University of Nairobi Institute of Tropical and Infectious Diseases
P.Q. Box 19676-00202

Dear Silvenus

RE: APPROVAL FOR SHIPMENT OF SAMPLES -STUDY TITLED "EFFECT OF IMPROVED COMLEMENTARY FOODS ON
GROWTH, IRON AND ZINC STATUS OF KENYAN INFANTS® (P436112/2010)

Refer lo your communication of 20 May, 2013,

The KNH/UON-ERC has reviewed and approved shipment of the following samples to Canada and
Genmany for analysis: ¢

921 samples of serum - for analysis of serum zine, ferritin and transferrin receptor cells.
432 samples of whole blood — for analysis of essential fatty acids and lipid profile [cholesterol, high and low
density lipoproteins]

The samples will be under the care of the following contact persons and addresses:

Serum: - Dr. JuergenErhardt,
Kastanienweg 5,
77731 Willstaett, Germany
Telephone : +49-7852-G33070
Email: mail@nutrisurvey net

Whole blood: - University of Waterloo
cio Ken Stark
Burt Mathews Hall, Room 2417
200 Universily Avenue Wesl
Waterloo, Ontario, Canada
N2L 3GI

Email: kslark@uwaterlon.ca
Telephone: (518) 888-4567 ext 377738

“Prorect to Discover”
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ANNEX 12: MINISTRY OF HEALTH AUTHORITY TO SHIP BIOL OGICAL
SAMPLES
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ANNEX 13: CONTROLLED TRIALS NUMBER ASSIGNMENT LETT ER
FW: ISRCTN30012997 assigned to your trial (ref: CCTNAPN-22085) 1

<FF62426E5C774341A2DCEC720B8502190328B0F4 @ SEGBL@MBA springer-
sbm.com>, "Kavita Mistry" <Kavita.Mistry@ controlledals.com> wrote:

ISRCTN30012997 - The WNFOOD Intervention Study: the effect of improved
complementary foods on nutrition and health amongrifants in Western Kenya

Dear All,

| am pleased to inform you that the following ISRCHhas been assigned to your trial:
http://www.controlled-trials.com/ISRCTN30012997

When quoting the ISRCTN, please make sure thapaoesis inserted between the ISRCTN
and the actual number. Please refer to http://wemtrolled-
trials.com/isrctn/sample_documentation.&sp further guidance notes about how to use the
ISRCTN. Please also note that once a trial has tegpstered on the ISRCTN Register and
publicly displayed on the website, the study welimain permanently on the register and
cannot be deleted (as per our letter of agreemehttp://www.controlled-
trials.com/isrctn/isrctn_lga

CCT's sister company, BioMed Centralirrently publishes over 220 peer-reviewed open
access journals, in particular the jourmahls, dedicated to publishing protocols, results and
other issues relevant to clinical trials. Sele®@@Med Central journals offer a 20% discount
on the article processing changeprotocol authors who have registered theit with the
ISRCTN register. Authors should request a watkgning the submission praggand provid
their ISRCTN trial ID.

If you have any further questions about the usa@1SRCTN, please do not hesitate to
contact me. Best wishes,

Kavita Mistry

Database Editor

Current Controlled Trials

236 Gray's Inn Road

London, WC1X 8HB

United Kingdom

T: +44 (0)20 3192 2160 +44 (0)20 319821
E: kavita.mistry@controlled-trials.com

W: www.controlled-trials.com
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ANNEX 14: STUDY BACKGROUND INFORMATION
This was a collaborative study among the Facultyl&E, University of Copenhagen,

Denmark; the University of Nairobi Institute of Trical and Infectious Diseases, Kenya; All
Grain Products, Kenya; Department of Food Sciencé &echnology, Jomo Kenyatta
University of Agriculture and Technology, Kenya. elstudy titled “Alleviating Childhood
Malnutrition by Improved Utilization of Traditiona&toods and acronymed “WINFOOD” had
the overall aim of developing nutritionally impravdoods for IYC in resource limited
settings, based on improved utilization of localiwailable foods including semi-
domesticated and wild indigenous foods from uneatéd land or aquatic environment. The
study covered 5 broad result areas namely:

1. Identification of consumed traditional foods an@gessing technologies utilized by

local communities,

2. Nutrient composition determination of identifiec¢c&dly available foods and

3. Development and optimization of iron and zinc dewsenplementary foods for

feeding of IYC based on the identified locally dable foods

4. Testing the acceptability of the optimized iron aic dense complementary foods

based on the identified locally available foods

5. Testing the efficacy of the developed and optimizedroved complementary foods

to address MAM which is currently a problem in nes@ limited settings.
Results areas 1 to 3 are reported in details iryd€in (2012). The study reported in this
thesis is based mainly on the work covering the ta® result areas (4 and 5) of the

WINFOOD project.

ANNEX 15: OVERALL STUDY STAGES
The study consisted of three successive stdggsre 1presents the main study stages

and activities undertaken between February 2011Jandary 2013. Thirst stage assessed

the acceptability of the three centrally processauplementary foods namely:
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1) Maize-germinated grain amaranth-edible termdagaa fish complementary food
naturally enriched with iron and zinc from the AS®WINFOOD Classic (WFC))

2) Multi-micronutrient (vitamins and minerals) fified maize-germinated grain-
amaranth complementary food (WINFOOD Lite (WFL)pan

3) Multi-micronutrient fortified corn soy blend @(CSB+).

To achieve this goal stage one of the study aimeds$ess the acceptability of the three foods
(WFC, WFL and CSB+) among the study populationmpacthe RCT.

The second stagevas cross-sectional survey of basic anthropometgasures (height,
weight and age) of non-enrolled IYC 6-24 monthsdrarted in villages adjacent to those
selected for the intervention study to assess téeaging nutritional status to help interpret
the results of the main intervention study/randa&dizontrolled trial (RCT). A sample size of
600 children was targeted. Skin fold measurements a dietary assessment were also
carried out in a sub-sample.

The third stage involved a RCT of the effect of the above improvaamplementary
foods developed on growth and iron status of if&315 months old.

Expected benefits and potential uses of the studgsults

The WFC and WFL developed for this study were viewses models for how
complementary foods can be made from local food&ure "WINFOODS' are envisaged to
be a range of energy-dense, high-nutrient compléangfoods, whose formulation can be
adapted to population and/or program and/or prediaiequirements, and which make
optimal use of locally available foods. Potentiales can be in (national) nutrition
programs aimed at food-insecure populations, favdpction by Non-Governmental

Organisations working in the mother-child heal#ldiand/or income-generating projects,

programs targeting especially vulnerable populatigoups and also commercial

production by local food companies. The compositbkVINFOODs can also be adapted
in recipes for homemade improved complementary §oddhese results can also act as
good evidence-based guidance for policy-makersnfgrave and strengthen the national

policies on nutrition in Kenya in the future.
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STAGE 1: Cross section study: prevalence and seveyriof malnutrition in the study population
Activities

1
2

3
4
5

Interviews

Anthropometric measurementd(eight, Length, Mid upper arm circumference
(MUAC),Skinfolds measurements)

Morbidity

Dietary data (24-h recall)

Market survey of existing cereals and legumes amancercial complementary foods

A

STAGE 2: Acceptability of the improved complementay foods

Activities

1.
2.

Industrial processing of developed blends by exrusooking
Transporting the products to the field for thegest

Phase 1

3. 5-point hedonic ranking of 3 flours and porridgesdolor, taste, texture & smell by mothefs

4. Capture overall comments about the products & f@improve them for feeding children.

Phase 2

5. The mothers centrally prepare the porridges and fiee infants.

6. In a cross-over design children initially randondide receive one of the three study foqds
on the first day followed by a one-day washoutil @it products are tested

Phase 3

7. Mothers taking home 100g per visit and preparirggfthod at home in their usual way apd
feeding the enrolled child as well as any othelinglperson. J

8. On subsequent visits mothers asked how well thie &hiany other person in the househdid
liked the porridge they prepared at home.

9. Morbidity data for children (diarrhoea, stomach-@ctomiting, skin rashes& difficulty in

breathing), collected by a two-day recall at reoneint and at every subsequent visit

10. Anthropometric measurements once for weight, leagith mid upper arm circumference.

A

STAGE 3: Randomized controlled trial

Activities

coO~NO UL WN P

Optimization of the complementary foods based aejiability study results e.g. sugar addition
Recruitment and randomization

Monthly morbidity data for 9 months

Monthly dietary data (24-h recall) for 9 months

Monthly anthropometric measurements for 9 months

One time compliance study in a sub-sample of theéysparticipants

Haemoglobin concentration at 6 and 15 months

Iron status measurements at 6 and 15 m

Figure 1: Main study stages and activities undertaken
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ANNEX 16: OVERVIEW OF THE INTERVENTION STUDY DESIGN

Study design
A soocognent, randomizsation, nterrention
P sessmeni Hirn s v eaniliomm
1
WinFood Classic
MUAC=11_5m s 2
vz =3 = WinFood Lie
Age = 6 months '_E
= CSB+
= =
et
i
=
=0 t=6 =9

ANNEX 17: DETAILS OF BASELINE AND FOLLOW -UP EXAMINATIONS IN
THE INTERVENTION STUDY

Time (months) o1 2 3 4 5 6 7 8 9
Screening/recruitment °
Randomization °
Complementary feeding 00000000000000000000000000000000000

Routine visits/supervision e e e o e o o o o o

Examinations ° ° ° ° ° ° ° ° ° °
Questionnaire e e e o o o o o o o
Clinical examination's e o o o o o o o o o
Anthropometry e o o o o o o o o o
Blood sampling o o

Screening for eligibility, e.g. age 6 month and gieifor-height z-score> -3

2 Demographic and socio-economic data at baselifafy assessment, compliance and morbidity data at
baseline at each follow-up

% Measuring temperature, blood pressure and lodkingymptoms of malnutrition or other diseases

4 Weight, Height, Left mid upper arm circumferenelead circumference, skinfold thickness

*APP(CRP and AGP),Hb,sTfR,Ferritin and related stores and inflammation biomarkers
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ANNEX 18: THE STUDY SITE

Figure 3:The study area within Kenya
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ANNEX 19: SAMPLE SIZE DETERMINATION
The sample size calculation was based on the pyimgrothesis that Infants 6-15 months

consuming the improved complementary foods (WFC ¥ifeL) would have higher total
energy and micronutrient intake thus greater lirgrarvth and micronutrient status (Fe) than
those consuming CSB+. According to the data onsthedard deviation of the increase in
length, Dewey et al., (2011) has observed diffezsrin prevalence between interventions for
stunting at 0.5 SD in LAZ while Lartey et al., ()%bserved length gain of 0.1 (SD 1.2) cm.
Since the primary outcome was length, the sampéersi determined as per the formula:
n=[(u+v) 2 (s2+52)]/ (M1-my)
Where:
n=sample size
u=0.64 which corresponds fofor the test of 95% CI
v=1.94, corresponds to amf 5% two tailed test
® s,=the standard deviation of length in groupl
® s,=the standard deviation of length in group 2
®* m; andm,= corresponding means for groups 1&2
With (s; & s,=1.2 and (m-m;) =0.1; n=150
To allow for loss to follow up, 10% added as obsednby Faber et al.(2005) and Lartey et
al.(1999) to each arm giving n=165 for a Total NB§23=495). Thus, the sample size per
group, n, required to detect a change, d, in aimeods variable with standard deviation, s,
with 90% power, was 16*&F.

Because micronutrient deficiencies, especially rohiwas equally expected to be of
concern, the sample size calculated above wouavdbr the detection of differences of equal
to or greater than 5 g/L in haemoglobin concerdretiat 90% power and 5% significance as
observed by Lartey et al 1999 (n=241) and Fabat 2005. Faber et al. (2005) in a similar
study detected 9.4microg/L (95% CI: 3.6, 15.1mi¢kddor serum Ferritin and 9 g/L (95% CI:
6, 12 g/L) for haemoglobin conc. at 90% power aftl |Bvel of significance with n=361.
Two-tailed distribution was assumed because offdbethat giving free nutrient-dense food
though unlikely to decrease nutrient intake couil kkad to a reduction on some of the

outcomes.
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