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ABSTRACT

Moderate acute malnutrition (MAM) among infants and young children (I'YC) has a negative
impact on their immature digestive system and requires an energy rich, nutrient dense
supplementary food to reverse the condition and promote catch up growth and development. In
this study, a malted sorghum-based porridge (MSBP) was formulated using locally available
ingredients. It was subsequently used as a supplementary food in the management of I'YC with
MAM to determine whether it could serve as an alternative supplementary porridge when
compared to fortified corn soy blend (CSB+), the standard care for managing I'YC with MAM in
Uganda. The effect of MSBP supplementation, in conjunction with nutrition education, on the
nutritional status of I'YC with MAM was determined. In addition, maternal knowledge regarding
appropriate complementary feeding and hygiene practices were determined before the
supplementation intervention commenced (baseline), as well as after the completion of the three
month intervention period. In addition, the study also determined maternal perceptions regarding
the MSBP versus CSB+, as well as perceived barriers encountered in the course of the

intervention.

Hence the study developed an acceptable energy rich and nutrient dense MSBP for managing
MAM. The MSBP was formulated (using estimated values generated by NutVal software) from
malted sorghum flour and extruded soy-maize flour. Four formulations estimated to meet the
specifications of a supplementary food for treatment of I'YC with MAM (in accordance with
World Health Organisation criteria), were subsequently assessed for consumer acceptability.
Analysis of variance was used to compare the acceptability scores and viscosity level of four
different MSBP formulations to test for significant differences between mean scores. The four
formulations had significantly different (p<0.05) acceptability scores for flavour, taste, mouth
feel, sweetness and overall acceptability. The best formulation had significantly (p<0.05) higher
mean acceptability scores. In addition, the best MSBP formulation had a significantly (p<0.05)
higher energy and nutrient content than CSB+. At a flour rate of 25%, this formulation also had
the best energy density, protein density and viscosity of 1.6kcal/g, 4g/100kcal and 2809cP
respectively. The results showed that a quarter sorghum malt mixed with three quarters of

extruded soy-maize, produced an energy rich, nutrient dense MSBP with acceptable sensory



attributes at optimal viscosity. The best formulated MSBP met the energy, protein and viscosity

level requirements for the management of I'YC with MAM.

To evaluate the efficacy of MSBP in alleviating malnutrition among 1YC with MAM, the
intervention component of the study established maternal socio-demographic characteristics and
associated complementary feeding practices at baseline. A cross sectional community
assessment was conducted among 204 randomly sampled breastfeeding mothers of I'YC aged 6
to 18 months with MAM in four out of eighteen sub counties in Arua district, Uganda.
Multivariate logistic regression analysis showed that maternal level of education as well as that
of the head of the household, were significantly associated with 1'YC minimum meal frequency
(p=0.003) and (p=0.023) respectively. In addition, maternal care, determined in terms of the
preparation of food such as porridge especially for the 1'YC, was also significantly associated
with minimum meal frequency (p<0.001) and with the I'YC food intake meeting that of a
minimum acceptable (p=0.004). These findings suggested that optimal complementary feeding
practices in terms of minimum dietary diversity, minimum meal frequency and minimum

acceptable diet were not met by the majority of I'YC with MAM.

The baseline study was followed by evaluating the effect of MSBP and CSB+ in combination
with nutrition education, on the anthropometric status and blood haemoglobin levels of 1'YC aged
6 to 18 months diagnosed with MAM. A double blind cluster randomised control trial was
conducted with 204 mother-1YC pairs, with a cluster consisting of nine to ten pairs per parish
where mothers consented to participate (Appendix B, p197). A daily ration of 150g of either
MSBP or CSB+ was fed to 1'YC for ninety days. Weekly anthropometric measurements (weight,
length and mid-upper arm circumference) of 1'YC were conducted, whereas haemoglobin levels
were determined only at baseline and at the end of the study. A comparison between mean
anthropometric outcomes namely weight gain, length gain, length-for-age z-scores, weight-for-
age z-scores, length-for-weight z-scores, and mean blood haemoglobin levels in the treatment
(MSBP) and control (CSB+) groups were determined using the independent t-test. Proportions of
the anthropometric and haemoglobin levels in the treatment and control groups were determined
using the z-test. At three months, the mean weight-for-age z-score of 1'YC in the treatment group
was significantly higher than in the control group (p=0.01). The change in mean blood

haemoglobin levels was significantly smaller in the treatment group when compared to that of



the control group (p=0.01). No significant difference was observed in the proportion of 1YC
who recovered from MAM between the treatment group and control group (p=0.055). Thus,
MSBP supplementation of I'YC with MAM resulted in comparable recovery rates to CSB+ in
terms of weight-for-length and improved blood haemoglobin levels. Therefore, MSBP could be

considered as an alternative to CSB+ in the management of breastfed 1'YC with MAM.

The effect of nutrition education on the feeding and hygiene practices of mothers with I'YC with
MAM being supplemented with either MSBP or CSB+, was also determined. A cross-sequential
study using a pre-test-post-test design was used among the 204 mothers in the 24 clusters.
Mothers’ knowledge, complementary feeding and hygiene practices were analysed as mean
scores before and after the intervention. The paired t-test was used to determine the differences
between baseline and end line mean scores for knowledge and practices. Mothers’ mean
knowledge scores regarding complementary feeding in terms of dietary diversity and meal
frequency were significantly higher at end line compared to baseline (p<0.001). Maternal
practices regarding food safety and water quality was significantly higher at end line compared
to baseline (p<0.001). Thus, nutrition education of mothers in combination with supplementing
their 1'YC with either MSBP or CSB+, improved meal frequency, dietary diversity, water
quality, and food safety.

Lastly, maternal perceptions and barriers experienced while using either MSBP or CSB+ to
manage their I'YC with MAM was determined via qualitative research techniques. A qualitative
study using, focus group discussions (FGD) and in depth interviews (IDI) was conducted among
mothers a week after completion of the three months supplementation period. One hundred eight
mothers were purposively sampled to participate in 12 focus group discussions. This was
followed by selecting 48 mothers to participate in IDI. Five FGD were conducted with mothers
whose 1YC were fed CSB+, while the remaining seven FGD included mothers whose 1'YC were
fed with  MSBP. The qualitative data on maternal perceptions and barriers were analysed using
an inductive approach. The results showed that both MSBP and CSB+ were perceived as being
responsible for I'YC weight gain, reduction in illness, improved appetite, glowing healthy skin,
and improved active play. Hence, mothers had positive attitudes towards using MSBP and
CSB+. Collectively, the perceived barriers mothers encountered during the supplementary

feeding intervention included household chores, limited time to feed I'YC regularly, limited



household income and household food insecurity in addition to minimal social support from
household members. Mothers believed in the use of MSBP and CSB+ in the management of
their IYC with MAM and were satisfied with the health benefits such as weight gain and
improved appetite observed among their 1'YC. However, factors contributing to maternal stress
should be addressed by improving household food security status and the distribution of an even
workload among household members so that 1'YC with MAM can reap maximum benefits from

supplementary food interventions.

Overall, this study provided an opportunity to gather additional evidence regarding the use of a
locally formulated energy rich, nutrient dense supplementary porridge MSBP with suitable
consumer acceptability, energy content and nutrient density in the management of I'YC with
MAM. Nevertheless, nutrition service providers of supplementary foods in the management of
I'YC with MAM should endeavour to educate mothers on potential barriers they may encounter
in the course of intervention strategies for the management of MAM. This should include
potential socio-care barriers, in addition to emphasising the health and nutrition benefits of the

supplementary foods for their I'YC.
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DEFINITION OF OPERATIONAL TERMS

e Complementary feeding: The feeding of I'YC other foods (liquid, semi-solid or
solid) in addition to breast milk to meet their nutrient needs from 6 months up to 23
months of age (WHO, 2008).

e Infants and young children: For the purpose of this study, it is defined as I'YC aged
6 to 18 months.

e Knowledge: For the purpose of this study, is defined as facts, information and skills
acquired by breast feeding mothers through experience or education regarding
appropriate feeding of infants and young children to prevent or treat MAM.

e Moderate acute malnutrition: A weight-for-height between -3 and -2 z-scores from
the mean, without the presence of oedema (WHO, 2012).

e Nutritional status: For the purpose of this ssytudy, it refers to anthropometric
measures (weight, height, mid-upper arm circumference), dietary intake (dietary
diversity and meal frequency) and biochemical measure (blood haemoglobin level).

e Practice: For the purpse of this study, is defined as observable actions taken by
breast feeding mothers to prevent or treat MAM among infants and young children (6
to 18 months).

e Stunting: For the purpse of this study, is defined as child’s height-for-age below -2 z
scores from the WHO reference z score value.

e Supplementary porridge: For the purpose of this study, supplementary porridge
referred to MSBP and CSB+ boiled in the correct amount of water, making it suitable
for I'YC feeding.

e Supplementary feeding: The provision of additional food to 1'YC beyond the normal
ration of their home diets (WHO, 2002).

e Underweight: For the purpse of this study, is defined as child’s weight-for-age below
-2 scores from the WHO reference z score value.

e Wasting: For the purpse of this study, is defined as child’s weight-for-height below -

2 z scores from the WHO reference z score value.



CHAPTER 1: INTRODUCTION, THE PROBLEM AND ITS SETTING

1.1 Introduction

Undernutrition, classified as mild, moderate or severe, contributes to 35% of the global burden of
disease [World Health Organization (WHO) 2012]. In 2014, global statistics indicated that 7.5%
(50 million) of infants and young children (I'YC) younger than five years of age were wasted,
with 5.1% (34 million) being moderately wasted (WHO, 2015b). In low and middle-income
countries, moderate acute malnutrition (MAM) affects about 10% (47.5 million) of children
under five years of age (Lazzerini, Rubert, & Pani, 2013), while in developing countries, about
20 million children under five are severely wasted (Khan & Bhutta, 2010). In addition, the
WHO (2015b) estimated that globally, about 43% (273 million) 1'YC aged 6 to 59 months
suffered from anaemia. Moreover, iron deficiency anaemia affected about 85 million 1'YC aged
6 to 59 months in Africa (WHO, 2015a).

In sub-Saharan Africa, I'YC between 6 to 23 months with moderate acute malnutrition (MAM)
are more vulnerable to inadequate food intake due to inappropriate feeding and hygiene practices
(Negash et al., 2014), resulting in high morbidity and mortality rates (Annan, Webb, & Brown,
2014). A review by Ashworth and Ferguson (2009) regarding information obtained from the
United Nations (UN), international non-governmental organizations (NGOs), paediatric
associations, and national programmes, showed that the dietary advice given to breastfeeding
mothers of I'YC with MAM is often nonspecific. Nutrition education on appropriate feeding and
hygiene practices targeting mothers of IYC have been reported to significantly improve
knowledge, nutritional status, and minimise disease when combined with the provision of
supplementary foods in the management of MAM (Imdad, Yakoob, & Bhutta, 2011; Lassi, Das,
Zahid, Imdad, & Bhutta, 2013). The management of MAM in Uganda also includes nutrition
education combined with the provision of supplementary foods (MoH & WHO, 2013; MoH,
2010).

In Uganda, the prevalence of malnutrition among I'YC is 13.8% for underweight and 4.7% for
wasting [Uganda Bureau of Statistics (UBOS)2018]. The prevalence of underweight (19.1%)
and wasting (13.6%) of infants aged 6 to 8 months in North Western Uganda, including the Arua



district, is very high (UBOS, 2018). Nearly three quarters (74.1%) of infants aged six to eight
months of age consume complementary foods in addition to breast milk to meet their nutrient
requirements (UBOS 2018). The remaining quarter (25.9%) that does not receive
complementary foods could be explained by household food insecurity, inadequate maternal care
and inappropriate feeding practices (Dossa, Ahouandjinou, & Houngbe, 2011). Over half of I'YC
aged 6 to 59 months (52.8%) in Uganda are anaemic with infants aged 9 to 11 months having the
highest prevalence at 78%, while the West Nile region has a prevalence of 56.4% (UBQOS, 2018).
Iron deficiency is estimated to be responsible for half of all I'YC anaemia in Uganda, whereas the
remainder is caused by helminths, malaria, other nutritional deficiencies, chronic infections, and
genetic conditions. Among 1'YC aged 6 to 23 months, iron deficiency is aggravated during the
period when indigenous complementary foods are being introduced in the form of bulky family
diets (UBOS, 2018; Shaw & Friedman, 2011).

Previous studies have shown that food supplementation results in malnourished I'YC recovering
from MAM with reduced levels of mortality (Lazzerini et al., 2013). For example, fortified corn
soy blend (CSB+), the standard care for MAM in Uganda, has been reported to be effective in
the management of MAM. However, in some intervention studies, no significant effect on
nutritional status was found after supplementation with CSB+ (Lazzerini et al., 2013). Despite
the above, I'YC with MAM in Uganda are being treated using CSB+, with an energy density of
0.7 kcal/g below the recommended range of 1.5 to 2.0 kcal/g for feeding 1'YC aged 6 to 23
months with MAM (Tizazu, Urga, Abuye, & Retta, 2010; Golden, 2009). At household level,
indigenous complementary foods or commercially available cereal porridges with varying
nutrient densities per 100 kcal are being used in various parts of the country. Furthermore, the
efficacy of complementary supplemental feeding interventions using blended flours has been
repeatedly raised as a concern (de Pee & Bloem, 2009).

As an estimated 400,000 1'YC under five years of age in Uganda are wasted (UBOS, 2018), it
suggests that the current Integrated Management of Acute Malnutrition (IMAM) strategy of 2010
is seemingly not effective in combating the prevalence of malnutrition in the country [Ministry
of Health (MoH) 2010]. The challenge behind resolving this high prevalence of malnutrition

(29%), is related to limited access to quality energy rich, nutrient dense complementary



supplements, coupled with targeted nutrition education among mothers (Namugumya et al.,
2014).

In addition, many mothers feed their I'YC bulky starch-based complementary foods with a low
nutrient density that does not promote catch up growth of malnourished children (WHO, 2012).
The common gruels and porridges used in Uganda are mainly carbohydrate based foods such as
maize, sorghum, millet, rice and cassava (Ickes, Adair, et al., 2015; Acheng, 2014). The practice
of cooking these none malted foods with water result in gelatinization that yields a porridge that
is soft and more easily digested, although bulky and with a low nutrient density. Sorghum malt
use has remained low in rural areas of Uganda (Mukisa, Ntaate, & Byakika, 2017), although its
consumption is increasing through value addition of sorghum-based food products as a result of
its attractive white colour and diastatic activity (Mukisa, Byaruhanga, Muyanja, Langsrud, &
Narvhus, 2017). However, the use of malted supplementary foods is limited. Currently, there is
lack of published data regarding studies conducted in Uganda that investigated the effectivity of
using indigenously formulated malted supplementary foods to treat I'YC with MAM.

1.2 Background

Although Uganda has made progress in terms of nutrition policies and a reduction in the
prevalence of malnutrition, such as the prevalence of wasted children having decreased to 5% in
2011 (UBOS, 2018), there are still significant challenges that need to be addressed. For
example, the prevalence of wasting among IYC in Uganda is 4% (0.4 million) (UBQOS, 2018)
and un-malted fortified corn-soy blends such as CSB+ are used for the management of I'YC with

MAM, despite malnourished I'YC having compromised digestive systems.

Wasting (low weight-for-height) due to inadequate nutrition is typically caused by recent
episodes of illness such as diarrhoea or a rapid decrease of food intake in certain regions of
Uganda (UBOS, 2018). Moderate wasting accounts for 3% of IYC aged 6 to 59 months.
Underweight (low weight-for-age), reflects the effects of both acute and chronic undernutrition.
Moderate underweight among I'YC 6 to 59 months had a prevalence of 11% (UBOS, 2018).

In North Western Uganda, including the Arua district, the prevalence of underweight and MAM
among infants aged 6 to 8 months was 19.1% and 13.6% respectively (UBOS, 2018), whereas



the prevalence of anaemia in the same region was 56.4% (UBQOS, 2018), with 52.8% of IYC
aged 6 to 59 months being anaemic. Of the I'YC that were anaemic, 78% were aged 9 to 11
months (UBQOS, 2018). If undernutrition amongst 1'YC is not prevented or adequately managed,
it results in growth failure, delayed motor, cognitive, and behavioural development; a
compromised immune response; as well as increased risk of morbidity and mortality (Cichon et
al., 2016; Rytter, Kolte, Briend, Friis, & Christensen, 2014). Addressing malnutrition requires a
concerted effort from the Ugandan government, development partners, civil society organisations
and the private sector [Government of Uganda (GoU) 2011].

In order to reduce the national prevalence of malnutrition, the Ugandan government has outlined
clear strategic objectives to reduce the prevalence of malnutrition and food insecurity, with
nutrition being one of the outcome indicators of national development. The Ministry of Health
(MoH) updated the Integrated Management of Acute Malnutrition (IMAM) guidelines to
incorporate global recommendations regarding the management of MAM. This guideline was
developed to provide a framework for ensuring appropriate preventative interventions, early
identification and treatment of 1'YC with MAM (MoH 2010b). The IMAM comprehensive
strategy is focused on the integrated management of MAM, combining and linking the
management of 1YC with MAM to comprehensive community mobilisation and involvement
activities. Hence, it includes a referral system for inpatient treatment (if the I'YC develops severe
acute malnutrition (SAM) with complications), as well as outpatient care (if the 1'YC develops
SAM without complications). Furthermore, the IMAM guideline outlines the fact that 1YC
diagnosed with  MAM should be provided with appropriate medical care, nutritional
rehabilitation and follow up (MoH 2010b). Often, the link between food access and utilisation
among IYC are aligned with nutrition interventions that strengthen food and nutrition security
(Faber, Witten, & Drimie, 2011). As food supplementation is used to provide nutrients that are
not consumed in sufficient quantities, it is the most widely practiced intervention in the
management of undernutrition (Bhutta et al., 2013) in Uganda. However, one of the main
contributors to the limited impact of previous nutrition interventions has been the lack of an
institutionalised coordinating mechanism, a lack of technical expertise, as well as a lack of
appropriate supplementary food for I'YC (MoH & WHO, 2013; GoU, 2011; MoH, 2010a).



The 2010 introduction of the IMAM strategy in Uganda has yielded positive results in the
management of MAM among local 1YC. The reduction of wasting by nearly 6% from 2012 to
2016 (UBOS, 2018), has been attributed to nutrition education regarding 1'YC feeding practices
offered to breastfeeding mothers, as it is an accepted and sustainable model for I'YC growth
promotion and the prevention of malnutrition in Uganda (MoH, 2010). However, malnourished
IYC may not always be receiving adequate treatment, care and support from rehabilitation
providers as well as their mothers (Imdad et al., 2011; Ashworth & Ferguson, 2009). As a result,
I'YC sometimes fail to respond to treatment or relapse due to mothers that are unable to provide
complementary feeding in addition to breastfeeding, and/or having encountered difficulties with
the implementation of the nutrition rehabilitation model for the management of their
malnourished IYC (MoH & WHO, 2013; Imdad et al., 2011). In addition, Uganda lacks an
indigenous energy rich and nutrient dense acceptable supplementary food such as a malt-based
porridge that can be provided in conjunction with appropriate, targeted nutrition education to
manage MAM among IYC at household level. Previous studies conducted in Uganda have
yielded inconclusive results regarding the management of I'YC aged 6 to 59 months with MAM
(Alowo, Muggaga, & Ongeng, 2018; Amegovu et al., 2014).

Inappropriate complementary feeding practices have contributed to the under-five mortality rate
of 90 per 1,000 live births (MoH & WHO, 2013). Consequently, malnutrition costs Uganda
around 5.7% of its gross domestic product (GDP), estimated at an annual cost of US $899
million (Namugumya et al., 2014). In addition, it was estimated that malnutrition is likely to cost
Uganda US $7.7 billion in lost productivity by 2025 if no action is taken (Anushree, Joanna,
Kawuki, Kikomeko, & Keith, 2015). As a result, the consumption of nutrient dense
supplementary foods is one of the interventions that the Ugandan government has endorsed to
scale up adequate nutrition among I'YC with MAM. In event of 1'YC aged 6 to 18 months with
MAM not being provided adequate, energy rich and nutrient dense supplementary foods in
addition to breast milk to meet their developmental and catch up growth needs, their nutritional
status deteriorates to SAM (WHO, 2012). Often supplementary foods given to I'YC with MAM
are bulky, with inadequate nutrient density, offered infrequently or diluted, in addition to

inadequate and inappropriate nutrition education being given to mothers (WHO, 2002).



Despite national nutrition interventions such as a food supplementation programme, the
prevalence of MAM among IYC aged 6 to 18 months has remained a major public health
problem, as efforts to manage MAM has focused on a health facility based curative approach,
using fortified blended foods instead of indigenous malt based foods to prevent and treat MAM
(MoH, 2010). For the past two decades the protocol for the management of MAM in Uganda has
remained unchanged, with the number of I'YC that progress to SAM increasing (UBOS, 2018).
Supplementation of I'YC with MAM with CSB+ is implemented at government institutions,
IGNO and UN agencies in emergency settings (Amegovu et al., 2014; Annan et al., 2014;
Lenters, Wazny, Webb, Ahmed, & Bhutta, 2013). As a result, there is a need to develop an
alternative energy rich and nutrient dense supplementary food as an alternative to the current
standard care for the management of the increasing number of IYC with MAM in stable
communities (Annan et al., 2014; Lenters et al., 2013; WHO, 2012).

Although MAM responds to dietary interventions that contain an appropriate percentage of the
Dietary Reference Intakes (DRIs) for age or at a lower level if given as supplementary to the
usual diet, there are still reservations regarding the ability of indigenous food blends to manage
MAM and a lack of consensus on the most effective way to treat this form of malnutrition among
IYC (Lazzerini et al., 2013; WHO, 2012). Limited research has been conducted in order
investigate the effect of hydrolyzed (pre-digested) supplementary foods using active malts to
manage MAM among breastfed 1'YC aged 6 to 23 months (Alowo et al., 2018). It was against
this background that a clustered randomized controlled trial (cRCT) was planned to determine
the effect of a malted sorghum based porridge (MSBP) as supplementary food, in addition to

appropriate nutrition education, on the nutritional status of 1'YC aged 6 to 18 months with MAM.

The rationale of this study was to formulate an energy rich, nutrient dense MSBP made from
locally grown legume and cereal foods and evaluate its impact on the nutritional status of 1'YC
diagnosed with MAM as an alternative to the standard care CSB+ for the management to MAM
in Uganda. The reason for the development of MSBP was that it contains alpha amylase,
protease, lipase, and phytase to digest the carbohydrate, protein, fat and phytate in the porridge
into glucose, amino acids, short chain peptides, monoglycerides, free fatty acids, minerals and
vitamins during cooking (Herlache, 2010). The pre-digestion increases the nutrient density of

the supplementary porridge which is beneficial for malnourished children whose digestive



system could have been compromised as a result of their malnutrition. It was anticipated that the
formulated MSBP would have a higher nutrient density and lower dietary fibre content when
compared to the standard care CSB+, by providing a pre-digested porridge for the management
of I'YC with MAM.

1.3  Study setting

The Arua distinct in the West Nile region of Northern Uganda is predominantly rural with about
7% of the population living in an urban or peri-urban setting (UBOS, 2018). The majority of the
population belongs to the Lugbara ethnic tribes that are mostly reliant on subsistence farming.
The backbone of Arua district's economy is agriculture, with the main food and cash crops
grown being maize, millet, and sorghum in addition to beans, ground nuts and soy-beans.
Nutrition services in the district are provided by a government regional hospital, two non-profit
hospitals and three health centres. Figure 1.1 illustrates the location of the Arua district in

relation to the rest of Uganda.

For the purpose of this study, the Arua district was conveniently selected as being representative
of the West Nile region, due to its population predominantly consuming sorghum, maize and soy
beans that were used in the formulation and development of the supplementary porridge MSBP
that was evaluated in this study. In addition, the use of a cereal-legume-based porridge is a
common weaning food among I'YC counselled at health centres and in communities in the Arua
district. Furthermore, the Arua district hosts the regional referral hospital (ARRH) with vast
expertise in the management of 1'YC with MAM.
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Figure 1.1: Location of study site
Source: Center for Disease Control and Prevention (CDC)l

1.4  Studyaim

The aim of this study was to formulate a culturally acceptable energy rich, nutrient dense MSBP
supplementary porridge made from locally grown and processed cereal-legume-based foods for
use in conjunction with other home based foods as an alternative to CSB+, the standard care for
treating 1YC with MAM in Uganda. In addition, the study evaluated the effect of MSBP in
conjunction with targeted nutrition education of mothers compared to the standard care (CSB+)
on the nutritional status of breastfed 1'YC aged 6 to 18 months diagnosed with MAM in Arua

district, Uganda. Subsequently the effect of nutrition education on knowledge, hygiene and

! Center for Disease Control and Prevention (CDC) Morbidity and Mortality Weekly Report (MMWR)@2009.


https://www.cdc.gov/mmwr/

complementary feeding practices, as well as an investigation into maternal perceived barriers
during the management of I'YC with MAM with MSBP and CSB+ for a period of three months,

were assessed.

1.5  Study design

An experimental study using a factorial randomised block design was conducted to formulate
MSBP from sorghum grains, soy-beans and corn. This was followed by a cross-sectional
descriptive survey among breastfeeding mothers of IYC aged 6 to 18 months who were
diagnosed with MAM. Subsequently a double blind cRCT (Brestoff & Broeck, 2013) with a
duration of three months was conducted to compare the effect of MSBP as a supplementary
porridge (treatment) to CSB+ (control), in addition to the provision of targeted nutrition
education of mothers included in both arms of the study, on the anthropometric status and
haemoglobin levels of breastfed I'YC aged 6 to 18 months diagnosed MAM. The nutrition
education intervention was implemented based on the premise of the Health Belief Model
(HBM) (Bandura, 1977), to improve maternal complementary feeding and hygiene practices
(Glanz, Rimer, & Viswanath, 2015; French et al., 2012). Qualitative research techniques namely
focus group discussions (FGDs) and in depth interviews (IDIs) (Marshall & Rossman, 2014;
Maxwell, 2012) were conducted among mothers a week after completion of the intervention to
explore maternal perceptions and barriers to feeding their I'YC the respective supplementary

porridges.

1.6  Study conceptual framework

Feeding IYC aged 6 to 18 months diagnosed with MAM with energy rich, nutrient dense
supplementary foods while continuing with breastfeeding could result in an improvement of
nutritional status. However, supplementation with an appropriate hydrolyzed supplementary
porridge in addition to home foods, requires adequate care of the I'YC and the necessary support
of their mothers to facilitate weight gain, catch up growth and an improvement in haemoglobin
levels (Lassi et al., 2013; WHO, 2012 ). Often, optimal complementary feeding of I'YC with
MAM is not adequately supported by the health care system through targeted nutrition education

of mothers.
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Figure 1.2: Study conceptual framework

The study conceptual framework illustrated in Figure 1.2 suggests that the nutritional status of
breastfed 1'YC with MAM can be improved if they are supplemented with a culturally acceptable
energy rich, nutrient dense supplementary porridge (MSBP) in addition to their mothers
receiving appropriate, targeted nutrition education (Briend et al., 2015; Lassi et al., 2013;
Lazzerini et al., 2013; Phuka et al., 2012). An improvement in weight, length, mid-upper arm
circumference (MUAC) and haemoglobin levels among IYC diagnosed with MAM, can be
achieved if the I'YC does not suffer from medical complications (WHO, 2012; MoH, 2010).

1.7 Objectives

e To determine the ideal MSBP ingredient proportion to yield an energy rich, nutrient
dense supplementary porridge with acceptable sensory attributes and viscosity levels.
e To determine the socio-demographic characteristics and complementary feeding practices

of breastfeeding mothers with I'YC aged 6 to 18 months diagnosed with MAM.
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To determine the anthropometric measurements and haemoglobin level of breast fed I'YC
aged 6 to 18 months supplemented with MSBP or CSB+ porridges for a period of three
months.

To determine knowledge, complementary feeding and hygiene practices of breastfeeding
mothers before and after receiving nutrition education in conjunction with MSBP or
CSB+ supplementary porridge for a period of three months.

To determine breastfeeding mothers’ perceptions and barriers to IYC feeding during the
management of their 1'YC with MAM with MSBP or CSB+ supplementary porridge for a
period of three months.

Study Hypotheses

There will be no statistically significant difference between the anthropometric status,
namely weight, length and mid-upper arm circumference (MUAC), and haemoglobin
levels of breastfed 1YC aged 6 to 18 months diagnosed with MAM, irrespective of
whether they were fed MSBP or CSB+ supplementary porridge for a period of three
months.

There will be no statistically significant difference between the hygiene and
complementary feeding practices (dietary diversity and meal frequency) of breastfeeding
mothers with IYC aged 6 to 18 months diagnosed with MAM before and after they
received targeted nutrition education in conjunction with their I'YC receiving MSBP or

CSB+ supplementary porridge for a period of three months.

Reliability and validity

1.9.1 Reliability

Reliability refers to precise results, achieved by using a large sample size. A study sample with

low statistical power has a reduced chance of detecting a true effect, thereby undermining

reliability (Button et al., 2013). In this study, sample size was calculated with a desired

power (Z,) of 1.96 calculated using the fixed clusters and flexible cluster size equation (Brestoff
& Broeck, 2013; Hemming, Girling, Sitch, Marsh, & Lilford, 2011) to detect differences at the
power () of 95%. This yielded a sample size of 220 mother-1'YC pairs. To avoid participant
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variation, breastfeeding mothers with I'YC diagnosed with MAM recruited at baseline, were
followed up throughout the cRCT period of three months. Purposive sampling for FGDs and IDI
was also done from the sample of mothers who participated in the cRCT.

Use of a conceptual framework [United Nations Children’s Fund (UNICEF) 1998] and the HBM
(Bandura, 1977) provided the necessary theoretical framework for developing some of the
questions included in the research instruments, FGD guides and IDI schedules. In addition, the
FGD guides and IDI schedules were also developed with reference to the relevant literature. To
further enhance reliability, trained research assistants and focus group facilitators were used for
data collection, conducting FGDs and IDIs. All research instruments and IDI guides were piloted
prior to data collection. Anthropometric measurements were repeated and measured according to
WHO guidelines (WHO, 2008b), while haemoglobin levels were measured according to standard
procedures (WHO, 2010). Double data entry limited data entry errors.

1.9.2 Validity

For assessment of socio-demographic variables, the Uganda Demographic and Health Survey
(UDHS) questionnaire (UBOS, 2018) was used. To classify complementary feeding practices
(dietary diversity and meal frequency), the WHO classification for complementary feeding
practices using a 24-hour recall (WHO, 2008a) was adopted. The questions for measuring
maternal nutrition knowledge regarding complementary and hygiene practices, were adapted
from Marias and Glasauer (2014). It was subsequently modified after consultation with experts.
Construct, content, and face validity of the research instruments were ensured by the

construction of a theoretical framework and consultation with experts.

Quantitative data analysis provides an estimate of uncertainty arising from systematic errors,
thereby combating overconfidence in the research results (Lash et al., 2014). Many effect
estimates may be biased by failure to adjust for outcome confounding (Garabedian, Chu, Toh,
Zaslavsky, & Soumerai, 2014). Therefore, a good study design and appropriate statistical
analysis, minimises bias and confounding respectively, thereby yielding accurate data. In this
study, the role of chance (random error) was addressed by performing statistical tests appropriate
to the measured effect sizes. Effect sizes such as Odds Ratios were reported together with a 95%

Cl. Chi-square tests were reported with the relevant p-values, where the cut off for statistical
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significance was set at < 0.05. In order to understand the effect of MSBP on the nutritional status
of 1'YC with MAM, a cRCT design was used to minimise confounding, as well as to determine
the association between the independent and dependent variables. Multivariate logistic

regression analysis was used to control for possible measured confounders.

The participant recruitment phase had a 98% response rate with the majority of breastfeeding
mothers with 1'YC 6 to 18 months who were diagnosed with MAM accepting to participate. The
male to female ratio of 1'YC was 1:1, therefore being indicative of no selection bias in terms of
I'YC gender. Only the mothers of 1'YC, as opposed to caregivers and the father, were recruited for

participation, as they were responsible for the complementary feeding of their I'YC.

Measurement bias can occur as a result of measurement error occurring during data collection. In
this study, measurement error related to I'YC weight, length, MUAC and haemoglobin levels,
was minimised by using the same calibrated equipment, trained research assistants and
supplementary foods throughout the study. Nutrient analysis of the best MSBP formulation was
conducted in accordance with standard reference protocols (AOAC, 2012). The survey
questionnaires were translated into the local language (Lugbarati) and back translated into
English by professional translators to ensure that the data collected was an accurate reflection of
the variables they intended to measure. Construct, concept and face validity was confirmed by
ensuring that the research instruments measured the study objectives, related hypotheses and

corresponding study variables (Table 1.1)

Research assistants with a social or health sciences background as well as being fluent in the
local language Lugbarati and resident in the area where the study was conducted, were recruited
and trained for a period of three days. This ensured that they were familiar with the research
instruments and the constructs they measured, as well as acquiring the necessary interview skills
and how to accurately complete the research instruments. Subsequently the research instruments
were piloted among 24 breastfeeding mothers in an area with similar characteristics to the study,
but did not fall under the sampled study area prior to commencement of data collection. Based

on the outcome of the pilot study, survey questionnaires did not require modification.

In addition, research assistants were trained on how to take accurate anthropometric

measurements, i.e. I'YC weight, length and MUAC using calibrated instruments in accordance
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with WHO standards (WHO, 2008b). All measurements were repeated twice and the mean
calculated. If the two measurements differed by more than 200g for weight or 20mm for height
respectively, a third measurement was taken and the mean of the two closest values recorded.
Trained research assistants also measured 1'YC haemoglobin levels by means of a finger prick
using a WHO standard procedure (WHO, 2010). A Hemocue Hb301 analyser 121805 was used

to determine 1'YC haemoglobin levels.

In order to minimise measurement bias, the trained research assistants were blinded as to
whether mother-1YC pairs were randomised into the intervention (MSBP) versus the control
(CSB+) group, including the food rations they were issued with, as the packaging of both

supplementary porridges were similar and were not labelled.

In an effort to enhance validity during the qualitative phase of the study, the researcher was
present while FGDs took place, as per the suggestion from Marshall and Rossman (2014).
Follow-up questions and probes were used to validate participant responses during the IDI and
FGDs. In addition, the FGD facilitator regularly confirmed the content of discussions with
participants to determine assertion, as well as the meaning of their non-verbal cues. At the end of
every FGD, the results of the discussion were always confirmed with participants for validation

purposes.



1.10 Research objectives, variable and data analysis

Research objectives, related variables and statistical analysis are presented in Table 1.1.

Table 1.1: Objectives, variables and data analysis matrix
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Objective Variables Statist?cal
Independent Dependent analysis

To determine the ideal MSBP Soy, maize, and Energy, nutrient Analysis of

ingredient proportion to yield an sorghum malt composition, variance, and

energy rich, nutrient dense
supplementary porridge with
acceptable sensory attributes and
viscosity levels.

ingredients for
MSBP
formulation

viscosity level and
sensory attributes of
MSBP

independent t-test

To determine the socio-demographic
characteristics and complementary
feeding practices of breastfeeding
mothers with I'YC aged 6 to 18
months diagnosed with MAM.

Mother’s age,
parity, marital
status, level of
education, and
care in food
preparation

Minimum dietary
diversity, minimum
meal frequency, and
minimum acceptable
diet

Univariate, and
Multivariate
logistic regression
anal

To determine the anthropometric
measurements and haemoglobin level

Energy rich, and
nutrient dense

Weight, length,
MUAC,

Independent t-test,
and z-test

of breast fed I'YC aged 6 to 18 months | MSBP and CSB+ | haemoglobin level,

supplemented with MSBP or CSB+ supplementary length-for-age

porridges for a period of three porridges weight-for-age &

months. weight-for-length

To determine knowledge, Nutrition Knowledge, meal Independent t-test,

complementary feeding and hygiene
practices of breastfeeding mothers
before and after receiving nutrition
education in conjunction with MSBP
or CSB+ supplementary porridge for a
period of three months.

education to
mothers, MSBP
and CSB+
supplementary
porridges to IYC

frequency and
dietary diversity

and z-test

To determine breastfeeding mothers’
perceptions and barriers to I'YC
feeding during the management of
their I'YC with MAM with MSBP or
CSB+ supplementary porridge for a
period of three months.

Nutrition
education of
mothers, MSBP
and CSB+
supplementary
porridge to I'YC

Maternal
perceptions and
barriers

Content analysis
based inductive
approach
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1.11  Study assumption

For the purpose of this study, the following assumptions were made:

e The mixing of MSBP ingredients was maintained throughout batch production with
no adulteration.

e The mothers of I'YC included in the study were truthful in their responses to the
survey questionnaires.

e Interviews conducted by trained research assistants were done in a standardised
manner as per the training they received.

e The mothers included in the study fed their I'YC the daily ration of MSBP and CSB+
that was provided under appropriate standards of hygiene as was taught to the

mothers during the nutrition education sessions that formed part of the intervention.

1.13. Study schema
In order to realise the research objectives, this study was conducted in the phases illustrated in Figure 1.3
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Phase one is chapter three
e Formulation of energy rich, nutrient dense MSBP supplementary porridge
e Sensory evaluation of supplementary MSBP by breastfeeding mothers with 1'YC diagnosed
with MAM and students of Food Science and Nutrition, Makerere University
e Assessment of energy and nutrient content and viscosity of the best formulated
supplementary porridge from the MSBP flour

Phase two is chapter four
Baseline assessment of socio-demographic and complementary feeding practices of breastfeeding
mothers with I'YC 6 to 18 months of age with diagnosed with MAM (n=204)

Phase three is chapter five
e Baseline assessment of weight, length, MUAC and haemoglobin levels of I'YC
prior to the three months of supplementation with MSBP versus CSB+ (n=204)

1

Implementation of cRCT

1 1

Intervention group (n=104) Control group (n=100)

MSBP, in addition to CSB+ in addition to

home foods, breast milk home foods, breast milk

and targeted nutrition education and targeted nutrition education

! 1

e Assessment of weight, length, MUAC, and haemoglobin levels of all 1'YC participated in
cRCT intervention completion (three months) of MSBP or CSB+ feeding (n=204)

!

Phase four is chapter six
e Evaluation of knowledge, complementary feeding, and hygiene practices of breastfeeding
mothers with I'YC 6 to 18 months of age diagnosed with MAM three months before and after
receipt of nutrition education and supplementary porridges (n=204)

]

Phase five is chapter seven
e Assessment of maternal perceptions and barriers experienced during the intervention (while
feeding their I'YC MSNP or CSB+) and three months after initiation of the cRCT.
e Ten focus arouo discussion and in-deoth interviews (n=72) with particinatina mothers.

Figure 1.3: Study schema
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112 Summary

The focus of this study was to develop an energy rich, nutrient dense MSBP supplementary
porridge, determine the effect of MSBP versus CSB+ supplementary porridge on the nutritional
status of I'YC diagnosed with MAM as part of a cRCT, determine the socio-demographic
characteristics and complementary feeding practices of breastfeeding mothers with 1YC
diagnosed with MAM that were included in the cRCT prior to its implementation, determine
the knowledge and complementary feeding practices of mothers with I'YC diagnosed with MAM
after conclusion of the cRCT, and determine maternal perceptions and barriers to feeding their
IYC with MAM the respective supplementary porridges MSBP (intervention) versus the
standard care CSB+ (control) used for treating I'YC with MAM in Uganda.

1.13  Structure of the thesis

This thesis is presented as eight chapters with chapter three to seven being presented in the form
of research papers that address the respective study objectives:

e Chapter one introduces the study topic, its background at both a global and regional level,
including Uganda where the study was conducted. In addition, the importance of the
study, guidelines for the management of MAM, the study aim and related research
objectives, hypotheses, reliability and validity of data, assumptions, definition of terms
and abbreviations are presented.

e Chapter two presents a review of the related literature by reporting on theoretical
frameworks and constructs that were consulted in the development of the study. In
addition, related literature on the causes, consequences and management of MAM are
presented, as well as considerations that need to be taken into account when formulating
supplementary foods to treat MAM.

e Chapter three presents the formulation and assessment of the sensory attributes, viscosity
and nutrient quality of MSBP for suitability in the management of I'YC with MAM.

e Chapter four is devoted to reporting the socio-demographic characteristics,
complementary feeding and hygiene practices of breastfeeding mothers with 1YC
diagnosed with MAM.
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e Chapter five presents the anthropometric and haemoglobin outcome measures among
I'YC with MAM as a result of supplementation with MSBP versus CSB+ porridge.

e Chapter six reports on the effect of nutrition education on breastfeeding mothers’
knowledge, feeding and hygiene practices during the treatment of their I'YC diagnosed
with MAM with MSBP as well as CSB+ supplementation.

e Chapter seven describes the assessment of breastfeeding mothers’ perceptions and

barriers experienced while feeding their I'YC diagnosed with MAM the MSBP and CSB+

supplementary porridges in the course of implementing the cRCT.
e Chapter eight concludes the study with a discussion of the main study findings, a

conclusion and recommendations for future investigations.
1.14 Ethical considerations

The study obtained ethical approval from the Biomedical Research Ethics Committee of the
University of KwaZulu-Natal (BE218/18), the Higher Degrees, Research and Ethics Committee
of the School of Public Health, Makerere University, Uganda (REC/11353/394), and the Uganda
National Council of Science and Technology (SS 4705). A detailed explanation of the study
objectives, materials and methods were given to key members of the community where the study
took place to facilitate field mobilization. The study did not pose any economic and physical
risk to participating mothers or 1'YC with MAM included in the study sample. Mothers of 1YC
diagnosed with MAM were issued a weekly ration of MSBP and CSB+ supplementary
porridges. They also received a bar of soap once a month to improve their personal hygiene,
thus preventing their 1'YC from contracting infectious disease such as diarrhoea. Mothers were
also educated on how to avoid contamination of IYC food and to practice appropriate
complementary feeding practices.

The researcher had no personal, social, financial and professional conflict of interest in
conducting this study among 1'YC aged 6 to 18 months diagnosed with MAM. The funders of
this study did not have any input into the study design, data collection, statistical analysis,
decision to publish, presentation of the study finding, or preparation of manuscripts for
publication in peer reviewed journals. The intellectual property of this study belongs to the

University of KwaZulu-Natal.
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CHAPTER 2: REVIEW OF THE RELATED LITERATURE
2.1 Introduction

In Sub-Saharan Africa, including Uganda, the management of MAM among I'YC has remained
virtually unchanged for the past thirty years (Annan et al., 2014). It is therefore appropriate to
review the efforts scholars have made to investigate and improve the efficacy of management
strategies that have been employed to address this form of malnutrition. Hence, this chapter
presents an overview of studies that have investigated the management of MAM among 1YC,
by highlighting where a paucity of data exists. Methodological considerations of these studies
were also indicated, by referring to aspects such as study design, sample size, study location,
statistical analysis and key findings. Operational considerations as well as advantages and

disadvantages associated with a cRCT are also discussed.

In addition, the importance of using malt in relation to the nutrient density and energy content
of supplementary foods are reported, as well as the importance of using malted foods in the
treatment of MAM. This is followed by a critical discussion of studies that investigated the
effect of malted supplementary foods on the nutritional status of I'YC with MAM. Finally,
mother’s perceptions and knowledge regarding the use of supplementary foods and feeding

practices in the management of 1'YC diagnosed MAM is reported.

2.2  Theoretical models used in planning nutrition education programmes

2.2.1 Intervention theory

Intervention theory describes the process of health promotion through scientific analysis of
factors that contribute to the problem; methods and practical solutions that can be used to change
health behaviour; designing and planning appropriate interventions; anticipated beneficiaries of
an intervention, as well as implementation, sustainability and generation of evaluation plans
(Merritt, Katz, Mojtabai, & West, 2015; Kulwa et al., 2014; Michie, Johnston, Francis,
Hardeman, & Eccles, 2008).
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Thus, the application of intervention theory includes a needs assessment, selection of appropriate
methods, developing objectives, implementation of the intervention and evaluation thereof as

detailed in the following case scenario with reference to the current study:

e Conducting a needs assessment: Conducting a baseline assessment to determine the

association between maternal socio-demographic variables and complementary
feeding practices. Search the literature to establish what is known about
complementary feeding practices and nutrition interventions targeting 1YC with
MAM. Information on I'YC feeding practices provides the background for the next
step of the intervention.

e Developing objectives: To improve the nutritional status of IYC diagnosed with

MAM; each mother-1YC pair receive a supplementary food and targeted nutrition
education, mother-1YC pairs followed up, and assessment of I'YC nutritional status at
end line.

e Selection of appropriate theories, conceptual frameworks and methods: The Health

Belief Model and the UNICEF conceptual framework were used as the main focus for
behavioural change regarding complementary feeding and hygiene practices and
implementation of the cRCT supplementation intervention.

e Implementation of intervention: Formulation of an energy rich, nutrient dense MSBP

flour, screening for I'YC with MAM, sourcing equipment for determining 1YC
nutritional status and haemoglobin levels, developing nutrition education aids,
training research assistants and FG facilitators, provision of supplementary foods,
provision of nutrition education, and intervention monitoring.

e Evaluation: Effect of MSBP supplementation on the nutritional status of I'YC with
MAM in conjunction with nutrition education evaluated using a cRCT design, three
months after implementation of the intervention with CSB+ as the control and MSBP

the treatment supplementary porridges.

2.2.2 Health Belief Model

The Health Belief Model (HBM) predicts an individual’s motivation to undertake a health
behaviour, depending on their perception regarding the required behaviour and likely course of
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action (Glanz et al., 2015; Bandura, 1977). The model is often utilised as a conceptual
framework for designing and implementing interventions that involve perceptions (French et al.,
2012; Lytle, 2005). Individual perceptions refer to factors that affect perceptions of illness,
prioritisation of health and health problems, beliefs regarding the causes of health problems and
what the symptoms mean. Usually, the factors that require modification include demographic
variables, perceived threats, and cues to action. According to the HBM, the likelihood of action
being taken refers to the probability of adopting appropriate health behaviours. The main
constructs of the model would be the perceived threat of MAM to I'YC morbidity/mortality,
perceived benefit of taking action, perceived negative outcomes associated with a particular
intervention if any, and conviction that the intervention can be executed to completion in order to
obtain the desired outcome. Therefore, an intervention that gives supplementary foods to IYC in
conjunction with nutrition education of their mothers based on the Health Belief Model, could
effectively manage MAM in low income settings (Mulualem, Henry, Berhanu, & Whiting,
2016). For example, a study conducted in Ethiopia that assessed the effect of nutrition education
using the HBM in promoting the use of legumes for complementary feeding in 160 mother-child
pairs, a significant improvement in maternal knowledge and nutritional status of children was
found (Mulualem et al., 2016).

2.2.3 UNICEF conceptual framework

The United Nations Children's Fund (UNICEF), conceptual framework (1998) for 1YC
malnutrition, provides a guide for assessment, intervention, analysis and action (Balz, Heil, &
Jordan, 2015; Menon, 2012) in rehabilitating I'YC with MAM (Gillespie, van den Bold, Hodge,
& Herforth, 2015; Dangour, Kennedy, & Taylor, 2013). In addition, the framework draws
attention to the multisectoral challenges faced in the development and implementation of
nutrition intervention strategies (Menon, 2012). Hence, the framework is used as a first step
towards finding common ground in the management of MAM, as well as an approach to policy

response (Gillespie et al., 2015).

The UNICEF conceptual framework illustrated in Figure 2.1 includes three levels (Requejo &
Bhutta, 2015). These levels refer to the basic causes of malnutrition in a society (with reference

to the community and country), underlying causes (related to families and households), and
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immediate causes (affecting individuals). At the most immediate level, nutrition outcomes are
determined by the consumption of nutrients by an I'YC, as well as nutrient losses incurred as a
result of acute or prolonged illness. Therefore, the immediate causes of MAM among 1YC are
inadequate dietary intake and disease, which if left untreated, can result in I'YC mortality. In
addition, basic causes of malnutrition include poverty and other inequalities such as household
income (Latham, 2014; Steyn & Temple, 2008).

The underlying causes of malnutrition include inadequate access to food at household level,
inadequate care of 1'YC, inadequate health services, an unhealthy environment, as well as a lack
of maternal education and nutrition knowledge (Gillespie et al., 2015; Menon, 2012). Care is
conceptualised as a set of behaviours at household level that converts resources into food and
caring practices. Mothers are an important caregiver when it comes to health, hygiene and the
provision of complementary foods to their I'YC (Komro, Flay, Biglan, & Consortium, 2011).
Hence, the framework recognises the fact that food security alone is not sufficient to sustain an
optimal nutritional status, health status as well as 1'YC care has to complement adequate food
intake (Latham, 2014; Hanson, 2013). Inadequate or inappropriate knowledge of mothers, limit
household access to vital resources (WHO, 2012). In addition, the use of available resources is
determined by the cultural, religious, economic and social systems of a specific country or

community (Nnakwe, 2012).

Thus, the UNICEF conceptual framework has been adapted® and expanded to align more closely
with emerging literature in terms of immediate, underlying and basic causes of malnutrition
(Latham, 2014; Menon, 2012). Supplementary feeding of malnourished I'YC can contribute to
IYC developing to their full growth potential (Lenters et al., 2013) through improved dietary
diversity and meal frequency (Gillespie et al., 2013; Shonkoff, Richter, van der Gaag, & Bhutta,
2012). Unfortunately there is a paucity of data regarding the impact of supplementary foods in

conjunction with nutrition education to address MAM among I'YC in Uganda.

2 Adapted from UNICEF (1998). The State of the World’s Children 1998. Oxford University Press, Oxford.
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2.3 Public health importance of 'YC with MAM

Data generated by UNICEF, WHO and the World Bank in 2016, shows that globally, about 5.2%
of IYC under five are wasted, with nearly 35 million reported to suffer from have MAM
(UNICEF, 2017). The same report indicates that more than two thirds (69%) of all wasted 1'YC
under five lives in Asia, while more than a quarter (27%) reside in Africa. Data from several
studies suggest that 1'YC younger than two years with MAM that progress to SAM, and seldom
achieve their full potential in terms of physical, intellectual, or cognitive development (Cichon et
al., 2016; Rytter et al., 2014).

There is consensus that diets in low income Asian and African countries are often deficient in
macronutrients, micronutrients or both (Annan et al., 2014; WHO, 2012; Dewey & Adu-
Afarwuah, 2008). These reports further emphasise that the low energy density of food often
coexists with low nutrient density of complementary foods made from cereals fed to I'YC. The
WHO (2012) and Briend et al. (2015) indicate that an inadequate nutrient intake of I'YC in sub-
Saharan Africa is of public health concern (Briend et al., 2015; WHO, 2012). As a result, there
is a definite need for the development of an energy rich, nutrient dense supplementary food to

mitigate the high level of malnutrition among I1'YC.
2.4  Causes of MAM among IYC

The causes of MAM have remained the same for the last two and half decades and are no
different from those described in the UNICEF (1998) conceptual framework (Menon, 2012). A
considerable amount of literature alludes to the multi-factorial nature of undernutrition (Kinyoki,
Berkley, Moloney, Kandala, & Noor, 2015; Prasad & Kochhar, 2015; Namugumya et al., 2014;
Lenters et al., 2013; WHO, 2012; Hien & Hoa, 2009). Collectively, these studies have shown
that poverty and food insecurity are significant constraints for gaining access to nutritious diets
containing high quality protein, adequate micronutrients that are bioavailable, macronutrients
and essential fatty acids. It is also important that nutritious diets should have a low anti-nutrient
content, and high nutrient density (Ali Naser et al., 2014; Lenters et al., 2013; de Pee & Bloem,
2009). However, evidence suggests that diets that primarily consist of plant sources with a
limited amount of animal sources and fortified foods, do not meet the abovementioned

requirements and need to be improved through processing such as de-hulling, germination,
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fermentation, fortification, as well as the addition of animal sources such as milk (Briend et al.,
2015; de Pee & Bloem, 2009). Similarly, reports that insufficient access to nutritious food, a
lack of care regarding appropriate 1YC feeding practices, and inadequate access to clean safe
water contribute to MAM among IYC (Anushree et al., 2015).

Immediate causes of MAM among IYC are diseases such as diarrhoea and inadequate food
intake (WHO, 2012). On the other hand, Ashworth and Ferguson (2009) stated that a lack of
purchasing power and nutrition knowledge may compound the situation. Furthermore, even if
food is available, it is often not consumed in adequate quantities and the quality may be inferior.
In addition, I'YC are not always in a state of optimal health due to frequent illnesses such as
malaria, diarrhoea and acute respiratory tract infections. The latter diseases often result in an
impairment of their ability to optimally digest, absorb and utilise the nutrients in food. Immediate
causes of MAM are in turn influenced by underlying causes that include a lack of food security,
inadequate health services, a lack of maternal education, low incomes and inadequate care of
IYC (WHO, 2012 ). These aspects are underscored by UNICEF (2013), indicating that an
optimal nutritional status is the result of I'YC having access to an affordable, diverse, nutrient
dense food; adequate maternal and child care practices; adequate health services; and a healthy
environment that includes safe water, and good hygiene practices. The combination and relative
importance of these factors differ from country to country. Therefore, it would seem that an
understanding of the immediate and underlying causes of MAM within a given context is crucial
to delivering an appropriate, effective, and sustainable solution to adequately meet the nutritional
needs of I'YC with MAM.

2.5 Consequences of MAM among IYC

If undernutrition amongst 1'YC is not prevented or adequately managed, it will result in growth
failure; delayed motor, cognitive, and behavioural development; a compromised immune
response; as well as increased risk of morbidity and mortality (Kerac et al., 2014; Rytter et al.,
2014; Victor, Baines, Agho, & Dibley, 2014; Bain et al., 2013; Martorell, 1999). In a review
conducted in Sub-Saharan Africa by Bain et al. (2013), it was shown that I'YC malnutrition was
associated with 54% of deaths in developing countries (Bain et al., 2013). This finding seems to

suggest that malnutrition contributes to disease, disability and mortality (Kuper, 2017). In
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addition, IYC stunting, wasting, and underweight have individually been associated with
increased mortality (McDonald et al., 2013). This association is echoed by Rytter et al. (2014)
who reported that the impairment in immune function as a result of malnutrition among IYC,
may contribute to increased mortality. Conversely, I'YC with MAM may benefit from nutrition
and other 1'YC survival interventions. Should these interventions not be implemented, MAM
often progresses to SAM. Nevertheless, available literature seems to suggest that strategies that
only involve the screening and treatment of malnourished 1'YC without the inclusion of a
nutrition education component targeting their mothers and other caregivers, have a limited ability

to address its impact on morbidity and mortality (Imdad et al., 2011).

Studies have documented the profound long term impact of undernutrition on morbidity (Bain et
al., 2013; Chakravarty, Hazarika, Goswami, & Ramasubban, 2013). For example, malnourished
Korean orphans adopted into American families showed residual poor performance in cognitive
tests based on their nutritional status at the time of adoption (Schoenmaker et al., 2015; UNICEF,
2012; Pomerleau et al., 2005). Similarly, a series of longitudinal South African studies that
assessed the impact of malnutrition before the age of two on physical growth and intellectual
ability in adolescence, documented that these adolescents suffered from irreversible
intellectual impairment (Black et al., 2013; Walker et al., 2007).

2.6 Supplementary food formulation for managing 1'YC with MAM

Legumes and cereals are most often used in the formulation of nutrient dense supplementary
foods for 1'YC with MAM (WHO, 2012), especially because soy is a legume that is rich in
protein, and maize is rich in energy (Lazzerini et al., 2013). Studies that have investigated the
formulation of supplementary foods for the management IYC diagnosed with MAM is Sub-
Saharan Africa, have reported that imported supplementary foods used for the management of
MAM, are expensive and unaffordable by mothers with malnourished children (Briend et al.,
2015; Nur & Mirghani, 2015; Muhimbula, Issa-Zacharia, & Kinabo, 2011). However, recent
reviews reported the development of acceptable formulations from legumes and cereals that met
the nutritional needs of 1YC with MAM (Annan et al., 2014; Lazzerini et al., 2013). These

formulation studies have shown that extruded and malted flours from cereals and legumes have
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acceptable sensory attributes and efficacy in terms of increasing the weight of I1YC.
Furthermore, porridge formulations made from roasted soy, maize or both have been reported to
be more acceptable than an unroasted soy-maize blend (Muhimbula et al., 2011). In contrast, use
of unroasted soy based formulations has been reported to be acceptable from a nutrient
perspective (Nur & Mirghani, 2015). Nevertheless, roasted soy improves the sensory attributes
of soy based formulations, especially in terms of the aroma and smell (Muhimbula et al., 2011).
In addition, it would be important to roast soy ingredients as it would decrease the activity of
trypsin inhibitor and improve flavour (Lazzerini et al., 2013). The dilemma related to
supplementary porridges formulated from traditional ingredients, is that they have a dry matter
content that range from 5 to 10%. This results in a formulation with a low energy and nutrient

density that is less suitable to meet the nutrient needs of I'YC with MAM (Lazzerini et al., 2013).

2.6.1 Malted and /or extruded supplementary formulations for treating 1'YC with MAM

In most Sub-Sahara African countries, CSB+ supplementation is used to treat I'YC with MAM in
government institutions, IGNO and UN agencies, as well as I'YC in emergency settings (Annan
et al., 2014; Michaelsen et al., 2009). The need to develop an alternative energy rich, nutrient
dense supplementary food to the current standard care for the management of the increasing
number of IYC with MAM in stable communities (i.e. non-emergency situations), has been
recommended (Lenters et al., 2013; WHO, 2012). Accordingly, developing supplementary foods
from malted and extruded locally available raw ingredients is one approach that can be used to
meet the nutritional needs of 1'YC with MAM (WHO, 2002). However, the extrusion process of
producing CSB+ is very expensive (Ali, Singh, & Sharma, 2017). Therefore, it would seem that
substitution of a portion of corn flour with enzyme active sorghum malt would be beneficial to
I'YC whose digestive function is often impaired due to malnutrition. The production cost would

also be reduced, by rendering a more cost effective supplementary food.

However, currently there is a lack of consensus regarding the formulation protocol for a cereal
based supplementary food for the management of I'YC diagnosed with MAM (Anushree et al.,
2015; Briend et al., 2015; Lazzerini et al., 2013; WHO, 2012; Muhimbula et al., 2011). Briend
et al. (2015) reported that the formulation of an alternative, more affordable and more effective

food supplement poses many challenges, as there are uncertainties regarding protein quality,
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anti-nutrient content, and ingredients that contribute to an energy rich and nutrient dense
supplementary food for 1'YC with MAM. However, several studies have shown that both
extrusion and malting of local cereals and legumes reduce the bulkiness of starch based
formulated foods (Briend et al., 2015; Lazzerini et al., 2013), and improve the protein ratio and
quality of the product (Muhimbula et al., 2011).

2.6.2 Nutrient density of malted and/or extruded formulations for treating 1YC with
MAM

Often, the formulation of supplements from unprocessed cereals and legumes vyields a product
with a low nutrient density due to the gelatinization of starch during cooking (Nur & Mirghani,
2015). The problem associated with cereals and legumes that have a low nutrient density is
addressed by the application of either extrusion or malting techniques, as it results in nutrient
dense foods that are beneficial to 'YC with MAM (Lazzerini et al., 2013; Lin, Manary, Maleta,
Briend, & Ashorn, 2008).

Recent studies have reported that the energy density of formulated supplementary foods were
between 0.7 and 1.1kcal/g (Annan et al., 2014; Lazzerini et al.,, 2013). Conversely,
complementary foods of a poor quality that are high in fibre and have a low nutrient-density,
contribute to 1'YC undernutrition (Kahsay, 2016). In a study conducted by Kahsay (2016), it was
shown that a higher fibre content of foods formulated for 1'YC often compromises its nutrient
density. In addition, Tizazu et al. (2010) suggested that 1'YC with moderate wasting would
require the consumption of food with an energy density ranging between 1.5 and 2.0kcal/g.
Previous studies have shown that nutrient density is a key aspect of appropriate supplementary
feeding and needs to be improved if it is used in the management of 1YC with MAM in low
income countries (De Carvalho, Granfeldt, Dejmek, & Hakansson, 2015; Ndagire, Muyonga,
Manju, & Nakimbugwe, 2015; Kayodé, Nout, Bakker, & Van Boekel, 2006).

Numerous studies have demonstrated that malting and extrusion processes increase the nutrient
density of cereal-legume based foods (Lazzerini et al., 2013; Khader & Maheswari, 2012; Dossa
et al., 2011; King, Prawitz, Umoren, & O'Gorman, 2007). Muhimbula et al. (2011)
demonstrated that supplementary foods formulated from malted staple cereals such as corn,
sorghum and finger millet, and legumes such as beans, cowpeas and green peas, had an improved

protein content and energy density. It is therefore evident that the extrusion and malting
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processes reduce bulkiness and improves nutrient density (Lazzerini et al., 2013; WHO, 2012;
Tizazu et al., 2010; Golden, 2009). Therefore the formulation of supplementary foods based on
a combination of extrusion and malting techniques could result in a product with a higher
nutrient density, thereby making it appropriate for the treatment of 1'YC with MAM.

2.6.3 Nutrient specifications of supplementary foods used for treating I'YC with MAM

The WHO (2012) estimates that the mean energy requirement of breast fed I'YC with MAM is
about 1,055 kcal per day. In addition, it is recommended that I'YC with MAM would need to
consume a supplementary food with a protein content of at least 14% and an energy content of
380 kcal/100 grams on a daily basis with a maximum fibre content of 4% (WHO 2012). A
recent study by Kahsay (2016) recommends that in order to meet a fibre intake of not more than
0.59/ kg body weight per day, its content in cereal-legume formulations should not exceed 2.5%.
The estimated increase in energy and protein requirements according to age to allow twice the
normal growth of I'YC with MAM is presented in Table 2.1.

Table 2.1: Estimated energy and protein requirements of I'YC with MAM

Age Estimated energy requirement Estimated protein requirement

(mMonths) - rmal VG (keal) | TYC with MAM (keal) | Normal IYC (%) IV'C with MAM (%)
6-9 810 928 14.0 21

9-12 950 1,030 14.0 21

12-18 1150 1,208 135 20.3

Source: Food and Agriculture Organisation (FAO). Estimates of energy and protein requirements of 1'YC?

Therefore, a malted sorghum based supplementary porridge formulation could be one approach
used to meet the nutritional requirements of 1'YC diagnosed with MAM. However, there is a need
to evaluate the effect of this formulation on the nutritional status of 1'YC diagnosed with MAM.
As there has been a lack of consensus regarding an optimal formulation protocol for cereal-
legume based diets, contributions to feasible and practical recommendations to improve the
development of supplementary foods made from indigenous foods will contribute to the paucity

of data on the topic.

% Accessed at: http://www.fao.org/docrep/003/aa040e/ AAO40EQ5.htm
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2.7  Socio-demographic characteristics, complementary feeding practices and morbidity
of 'YC with MAM in developing countries

2.7.1 Socio-demographic characteristics of I'YC with MAM

It has been reported that a mother’s level of education is a strong predictor of the nutritional
status of her offspring (Ickes, Hurst, & Flax, 2015; Abuya, Ciera, & Kimani-Murage, 2012;
Semba et al., 2008). In addition, the most consistent indicators of inappropriate complementary
feeding practices are a lack of maternal education and lower household income (Senarath et al.,
2012). A study conducted in Bangladesh found that a low level of maternal education was
associated with lower meal frequency, lower dietary diversity, and minimum acceptable diet of
I'YC compared to mothers with a secondary level of education or higher (Kabir et al., 2012). In
addition, a study conducted in the slums of Nairobi, Kenya that included infants younger than 12
months of age, found that maternal level of education was associated with an improved 1YC
nutritional status (Abuya et al., 2012). In the latter study, mothers whose 1YC were well
nourished were more likely to have been fed more regularly than those with MAM. These
findings are supported by luel-Brockdorf et al. (2016) who documented that I'YC feeding
behavioural change of educated mothers is related to embracing appropriate complementary
feeding practices. In order to address complementary feeding practices, strategies should include
behavioural change, communication on the consumption of a diverse diet, along with providing
families with the necessary support to produce a variety of foods (Saha et al., 2008b). In a
systematic review conducted by Lass et al. (2013) on the impact of a maternal level of education
on 1YC complementary feeding practices and the provision of complementary foods, it was
recommended that nutrition education should be combined with the provision of appropriate
complementary foods (Lassi et al., 2013). This implies that mothers with low levels of education
may find it difficult to adopt and implement educational instructions (luel-Brockdorf et al.,
2016). It is therefore evident that there is a relationship between a mother’s level of education

and the nutritional status of her I'YC.

Data from previous studies have shown that household food security is associated with
complementary feeding practices of 1YC (Macharia, Ochola, Mutua, & Kimani-Murage, 2018;
Saha et al., 2008a; Saha et al., 2008b), and that the consumption of foods with a low energy

density, have implications regarding nutrition security (Golait & Pradhan, 2016). The results of
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a study conducted by Saha et al (2008a) in Bangladesh, found that household food security was
associated with the age at which complementary foods were introduced to I'YC. In addition, a
study that assessed the food security of 1'YC aged 6 to 36 months, found that the household
dietary diversity score and food consumption score was associated with stunting but not wasting
(Saaka & Osman, 2013). Compared to children in food insecure households, children in food
secure households are protected from stunting by 46%, thereby implying that food security is

strongly associated with I'YC nutritional status (Saaka & Osman, 2013).

2.7.2 Complementary feeding practices of 1'YC with MAM

Inappropriate complementary feeding practice is one of the major causes of undernutrition
among 1YC (Victor et al., 2014). It has been established that improving 1'YC complementary
feeding practices in terms of meal frequency and dietary diversity, improves health and reduces
child mortality (Ickes, Hurst, et al., 2015; Victor et al., 2014; Senarath et al., 2012). Recent
findings from Bangladesh, Ethiopia, India, and Zambia, reported that the WHO indicators of
dietary diversity and meal frequency were positively associated (p<0.05) with height-for-age z-
scores (Jones et al., 2014). However, these I'YC complementary feeding indicators did not show
a consistent relationship with I'YC stunting (height-for-age) among those aged 6 to 23 months
(Jones et al., 2014).

Several studies have shown how inadequate nutrition due to inappropriate complementary
feeding practices in terms of a lack of dietary diversity and low meal frequency, results in a poor
nutritional status of I'YC (Irene Olmedo & Valeggia, 2014; Aemro, Mesele, Birhanu, & Atenafu,
2013). A study conducted in Ethiopia investigated the dietary diversity and meal frequency
among IYC aged 6 to 23 months. Findings were that those who attainted an adequate dietary
diversity score and meal frequency were 10.8% and 44.7% respectively. In addition, a low
nutrient density of staple foods and a lack of traditional supplementary foods in low income
countries have made a significant contribution to a poor nutritional status among I'YC (Lassi et
al., 2013; WHO, 2012). 1YC are often fed starchy household foods with basic texture
modifications like mashing. Furthermore, an inadequate feeding frequency and low dietary
diversity resulting in a low score for acceptable diets have also been reported to affect the
nutritional status of vulnerable I'YC (Sunguya et al., 2014). Various studies have established that

the predominant factors associated with suboptimal complementary feeding practices among
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IYC aged 6 to 23 months include: low socio-economic status, low level of maternal education,
and poor maternal nutrition knowledge (Issaka et al., 2015; Victor et al., 2014; Senarath et al.,
2012). A study conducted in rural Malaysia concluded that household food insecurity was
associated with a poor nutritional status of I'YC (Ali Naser et al., 2014), whereas a cross sectional
study conducted in India, found that dietary diversity, meal frequency, and an acceptable diet
were respectively adequate among 32.6%, 48.6% and 19.7% of I'YC between six months and two
years of age (Khan, Kayina, Agrawal, Gupta, & Kannan, 2012). The studies presented thus far
provide evidence that a poor nutritional status among I'YC is often exacerbated by a lack dietary

diversity and infrequent feeding.

2.7.3 Prevalence of morbidity among I'YC with MAM

Numerous studies have investigated the relationship between Protein Energy Malnutrition (PEM)
and morbidity among I'YC under two years of age (Batool, Butt, Sultan, Saeed, & Naz, 2015;
Sood & Sood, 2015; Kavosi et al., 2014). In a study that was conducted to determine the
prevalence of PEM and its association with common morbidities among children aged one to
five years residing in urban slums in India, Sood and Sood (2015) documented a 60.2%
prevalence of PEM with children included in the study sample having a history of acute
respiratory tract infections. Over a third (33.8%) children were underweight, 66.0% were stunted
and 29.9% were wasted. Furthermore, 33.7% had a history of diarrhoea, thereby indicating an

inverse relationship between infectious disease and poor nutritional status.

The impact of supplementary foods coupled with nutrition education on the morbidity and
appetite of I'YC with MAM after a period of supplementation is not known (Lassi et al., 2013;
Lutter & Rivera, 2003). In a study that assessed the morbidity and nutritional status of preschool
children before and after supplementation with malted foods in India, it was found that after
supplementation, morbidity decreased by 50% (Khader & Maheswari, 2012). Malaria,
diarrhoea, and acute respiratory tract infections frequently co-exist with MAM and are related to
a decline in nutritional status of 1'YC (Kulkarni, 2016; Sood & Sood, 2015).
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2.8 Management of 1'YC with MAM

Several reviews have reported a paucity of data regarding the optimal nutrient needs of I'YC with
MAM (Briend et al., 2015; Annan et al., 2014). However, some recommendations have been
proposed (WHO, 2012; Golden, 2009; Michaelsen et al., 2009). The current WHO guidelines
for the treatment of MAM recommends that 1'YC aged 6 to 23 months diagnosed with MAM are
eligible for receiving energy rich and nutrient dense supplementary feeding (Lenters et al., 2013;
WHO, 2012 ). In an analysis of the management of MAM in Sub-Sahara Africa, Annan et al.
(2014) found a range of practices being implemented on admission and discharge of I'YC with
MAM among different organisations. For example, nearly half of the organisations included in
the review included stunted non-wasted 1'YC in the supplementation programme. In addition, the
majority of organisations used the National Centre for Health Statistics growth reference charts
instead of the recommended WHO growth standards (Annan et al., 2014). These findings are
supported by that of Tappis et al. (2012) who evaluated the coverage and effectivity of a
supplementary feeding programme for malnourished I'YC under five in Kenyan and Tanzanian
refugee camps. It was concluded that appropriate management on admission and enrolment in
supplementary feeding programmes was successful in preventing cases of acute malnutrition as

well as mortality (Tappis et al., 2012).

Numerous studies have reported a corn and soy blend as the predominant supplementary food
used in management of MAM (Briend et al., 2015; Lazzerini et al., 2013; Michaelsen et al.,
2009). Collectively it has been documented that supplementary feeding programmes targeting
I'YC with MAM provide fortified blended foods, such as corn and soy with the addition of oil
and sugar, despite its limitations. However, for the appropriate feeding of malnourished I'YC,
fortified blended foods need to be improved or replaced with active malt based porridges (Annan
et al., 2014; Michaelsen et al., 2009), as earlier studies indicated the need for data to compare the
effectivity of modified supplementary foods to current fortified blended foods for treating I'YC
with MAM (Annan et al., 2014; Dewey & Adu-Afarwuah, 2008). Although there are several
types of supplementary foods under development for the treatment of 1YC with MAM,
shortcomings include a high anti-nutrient content, bulkiness, high viscosity, poor absorption and

a lack of essential vitamins and minerals (Lazzerini et al., 2013).
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2.8.1 Effect of supplementary foods on the nutritional status of 1'YC with MAM

Several systematic reviews have been conducted to determine the efficacy of supplementary
foods on the nutritional status of I'YC with MAM (Annan et al., 2014; Lazzerini et al., 2013;
Lenters et al., 2013). Numerous authors have alluded to the importance of conducting high
impact studies in different settings to evaluate the management of 1'YC diagnosed with MAM in
low and middle-income countries due to various approaches and formulas that have been
implemented in different settings. These include the provision of lipid-based nutrient
supplements or blended foods, either as a full daily dose or as a low dose to complement the
usual diet (Lazzerini et al., 2013). In addition, the provision of commercially and locally
processed supplementary foods are acceptable and recommended for the treatment of 1'YC with
MAM (Annan et al., 2014; WHO, 2012 ).

Furthermore, the use of nutrient dense foods to treat I'YC diagnosed with MAM without medical
complications have been recommended (Lenters et al, 2013; Lin et al., 2008).
Recommendations include an energy density of 1.5 to 2.0 kcal/g as being suitable (Tizazu et al.,
2010). In view of the evidence provided, it could be argued that specially formulated
supplementary foods increase recovery rates among IYC diagnosed with MAM (Matilsky,
Maleta, Castleman, & Manary, 2009; Manary & Sandige, 2008). However, it would seem to be

a lack of consensus regarding the most effective protocol to treat I'YC with MAM.

Some studies have indicated that the provision of supplementary foods such as CSB+ for the
treatment of 1YC with MAM increases recovery rates and improves wasting (Lazzerini et al.,
2013; WHO, 2012). A study conducted at a health facility in Uganda, used a sorghum peanut
mixture with the addition of ghee and honey as supplementary food for the management of
MAM among 1YC aged 6 to 59 months. It resulted in a satisfactory recovery rate of 82.3%, thus
meeting the Sphere Standards of >75% (Greaney, Pfiffner, & Wilson, 2011; Ochola et al.,
2014). However, the recovery rate for I'YC younger than two years was not reported seperately
and the red sorghum variety was used in the formulation. Hence it contained the anti-nutrient
tannin that was not reduced with processing techniques (Alowo et al., 2018). A study conducted
among rural Malawian 1'YC aged 6 to 18 months, used a peanut-soy-based fortified spread and

corn porridge fortified with fish powder as complementary foods. The intervention outcome
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reported a significant improvement in weight and length (Lin et al., 2008). In addition, children
(1362) supplemented with a fortified spread of milk/peanut and soy/peanut in the rural southern
region of Malawi, had a recovery rate of 80% compared to 72% for those supplemented with
CSB+, and the difference was statistically significant (Matilsky et al., 2009). Thus implying that
fortified spreads were superior to CSB+ flour for the management children aged 6 to 60 months
with MAM (Matilsky et al., 2009).

A systematic review that investigated the treatment of MAM in low and middle income
countries, found that several studies using CSB+ to treat 1YC, were less likely to result in
recovery and a greater likelihood for non-response to treatment (Lenters et al., 2013). In another
study, CSB+ did not exhibit any significant benefit over the use of locally produced blended
foods in terms of the number of I'YC that recovered, the number who died or gained weight
(Lazzerini et al., 2013). Furthermore, a RCT conducted by Bisimwa et al. (2012) among rural
Congolese infants, compared the effectivity of a fortified soybean-corn-sorghum ready-to-use
complementary food paste to a fortified corn soy blend. The finding was that there was no
significant difference in terms of infant stunting and underweight when comparing the two arms
of the trial. Thus, the effectivity of these supplementary foods in improving the nutritional status
of undernourished children depends on household use of the supplementary foods by caregivers
(Ickes et al., 2012). Based on the above evidence, it would seem that the use of CSB+ as a
supplementary food had a modest effect on the improvement of anthropometric measurements
such as MUAC, weight and wasting of I'YC with MAM.

2.9  Nutrition education, complementary feeding and hygiene practices of mothers with
I'YC diagnosed with MAM

A systematic review conducted by Imdad, Yakoob and Bhutta (2011), concluded that the
provision of appropriate complementary foods in conjunction with nutrition education resulted in
a significant improvement in weight and length of 1'YC aged 6 to 24 months. In addition, studies
have shown that nutrition education regarding appropriate complementary feeding practices can
effectively treat MAM, but that interventions targeting MAM often include inadequate nutrition
education or lack a nutrition education component (Ashworth & Ferguson, 2009). Furthermore,
a review using the results from various meta-analysis concluded that the effect of nutrition

education on complementary feeding practices resulted in a significant reduction in the
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prevalence of stunting and underweight, although a significant impact on length and weight gain
among I'YC younger than two years of age was not found (Jones et al., 2014; Lassi et al., 2013;
Imdad et al., 2011). A study conducted in India found that the promotion of appropriate
complementary feeding practices of 1'YC generated results similar to the above study in terms of
IYC length (Bhandari et al., 2004). Hence, there seems to be some evidence that nutrition
education in conjunction with the provision of appropriate complementary food results in an

improvement of nutritional status among I'YC with MAM, although empirical data is lacking.

Additional evident suggests that if appropriate complementary feeding practices, including
proper hygiene practices as part of nutrition education strategies are implemented, an 1'YC with
MAM recover more rapidly (Jones et al., 2014). However, the practice of handwashing after
contact with excreta is poorly practiced, with an overall average of 19% globally (Freeman et al.,
2014), despite the likely positive health benefits. This result seems to suggest that much

promotional work is still needed to increase the frequency of this practice (Freeman et al., 2014).

Further, nutrition education on appropriate complementary feeding and hygiene practices that
target mothers of 1'YC have been reported to significantly improve knowledge, nutritional status,
and minimise disease when combined with the provision of supplementary foods in the
management of MAM (Lassi et al., 2013; Imdad et al., 2011).

A recent study reported that appropriate dietary diversity, defined as the consumption of food
from four food groups, was found to have the potential to improve linear growth of 1'YC and
should therefore be incorporated in tailored interventions (Onyango, Borghi, de Onis, del
Carmen Casanovas, & Garza, 2014). In addition, it is seems that nutrition education has the
ability to improve a mother’s attitude towards appropriate complementary feeding practices,
especially in terms of the number of meals I'YC should be fed, as well as the variety of foods that
should be consumed on a daily basis (Negash et al., 2014; Flax et al., 2009). For example, a
Malawian study found that a positive attitude towards complementary feeding has a significant
impact on the nutritional status of 1'YC diagnosed with MAM (Flax et al., 2009). Overall, these
studies support the idea that nutrition education with the emphasis on feeding a diverse diet,
regular meal frequency while preparing I'YC meals, resulted in an improvement of nutritional

status.
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An analysis of I'YC factors associated with complementary feeding practices in Ethiopia and
Uganda, reported that mothers of 1'YC who were given nutrition education regarding appropriate
complementary feeding practices, attained improved feeding practices (Diddana, Kelkay, Dola,
& Sadore, 2018; Mokori, Schonfeldt, & Hendriks, 2017; Negash et al., 2014). Nutrition
education regarding an improvement in the consumption of nutrient dense foods by
undernourished 1YC is essential among mothers who are willing to change their existing 1'YC
feeding practices. A nutrition education intervention conducted by Negash et al., (2014) over a
period of six months in Ethiopia, showed an improvement in the complementary feeding
practices of mothers with a concomitant improvement in the nutritional status of their 1'YC.
Similarly, a randomised control trial conducted in Peru, reported an improvement in the
complementary feeding practices of mothers and the nutritional status of their young children at
18 months after nutrition education had been implemented since birth (Penny et al., 2005). A
nutrition education intervention using a longitudinal, prospective, randomised design with a
duration of six months that was implemented in Vietnam, found that children aged 5 to 25
months in the intervention group, received more frequent meals when compared to those in the
control group (Pachon et al., 2002). Therefore, the evidence presented in this section suggests
that nutrition education is effective in facilitating an improvement in complementary feeding

practices.
2.10 Maternal perceptions and barriers regarding supplementary feeding

There are relatively few studies that have investigated mothers' perceptions, barriers to
implementation and experiences regarding complementary feeding practices of their I'YC with
MAM before and after the introduction of supplementary food in conjunction with nutrition
education. However, a study conducted by Ickes et al. (2012) that investigated the barriers to
home-based supplementary feeding with ready-to-use supplementary food for underweight
children in Uganda, found that caregivers perceived an intervention of this nature as having a
positive effect on the health of malnourished I'YC (Ickes et al., 2012).

In the study conducted by Flax et al. (2009) in Malawi that examined the efficacy of lipid-based
nutrient supplements (LNS) versus CSB+ in the promotion of growth among I'YC with MAM,

mothers demonstrated a positive attitude toward LNS and CSB+. Contrary to both supplements
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being acceptable, it was found that mothers in the LNS group were more likely to withhold
supplements from their I'YC when coughing, due to its sweetness (Flax et al., 2009). Thus
implying that the provision of supplementary foods for malnourished I'YC children requires a
positive attitude from mothers, as well as appropriate nutrition education (Nor et al., 2012; Flax
et al., 2009). In practice, efforts to improve the nutritional status of 1'YC should not assume that
the provision of a supplementary food to mothers of I'YC with MAM will automatically result in
I'YC being fed with it. As per the HBM, if an individual does not deem an intervention to be of
value/importance, the required behaviour will not be implemented (Bandura, 1977). Nutrition
education has created an awareness of mothers’ experiences while caring for their malnourished
IYC with supplementary foods (Ashworth & Ferguson, 2009). Under certain circumstances,
IYC fail to recover from MAM, may progress to SAM, while others default, and some die
(Lazzerini et al.,, 2013). As a result, the provision of nutrition education regarding the
importance of IYC feeding practices should be a mandatory component of any food

supplementation strategy.

Furthermore, in an Ethiopian study that examined caregivers’ and health workers’ perception
regarding the use of ready-to-use therapeutic food in a chronically food insecure area, it was
reported that caregivers used the food to meet household food and economic needs (Tadesse,
Berhane, Hjern, Olsson, & Ekstrom, 2015a). Thus suggesting that breast feeding mothers of
IYC diagnosed with MAM, might use the supplementary food in ways that compromise its
impact on the nutritional status of the IYC it was intended for (Tadesse et al., 2015a). In
addition, a review of the role that food insecurity plays in adherence to appropriate 1'YC care and
treatment, it was found that interventions addressing adherence to a care treatment protocol
might improve recovery rates (Young, Wheeler, McCoy, & Weiser, 2014). However, it is
evident that there remain several aspects of mothers’ perceptions and experiences regarding the
use of supplementary foods that requires further investigation, as it is often assumed that mothers
will feed their malnourished 1'YC with the food rations supplied. However, it is possible that
some mothers may not comprehend the importance of feeding their malnourished 1'YC with the

food rations provided.

In low-middle-income countries, the most commonly reported barriers to appropriate I'YC

feeding practices are a lack of time, household food insecurity, and a lack of social support from



47

household members (Nankumbi & Muliira, 2015; Jones, Agudo, Galway, Bentley, & Pinstrup-
Andersen, 2012; Nor et al., 2012). It is therefore evident that many 1'YC could be receiving
inadequate supplementary food (Lazzerini et al., 2013), compounded by social and care issues as
a result of socio-economic status (Nankumbi & Muliira, 2015; Nor et al., 2012). In addition,
some mothers might be seeking complementary treatment options such as traditional and
spiritual healers as an adjunct to mainstream treatment options including supplementary foods
(Nor et al., 2012). It is also evident that the decision of mothers to feed their IYC the
supplementary foods they are issued with, is based on whether they believe in the ability of these
foods to treat MAM (Diddana et al., 2018) However, little is known about how mothers perceive
the dietary treatment of their I'YC diagnosed with MAM (Lenters et al., 2013). Furthermore, the
barriers experienced by mothers of IYC with MAM using the prescribed supplementary foods
are unknown as research by others (Langlois, Suri, Walton, & Rogers, 2017; Nakumbi and
Muliira, 2015) have not investigated this phenomenon in relation to malnourished children
expect with care givers with healthy 1'YC, as health workers often assume that mothers will feed

their malnourished children the supplementary foods issued to them.

2.11  Summary

The review has focused on supplementary food formulation, maternal socio-demographic
characteristics and their relationship to I'YC feeding practices, theories and conceptual
frameworks that guided the development and implementation of intervention studies, policies
regarding the management of MAM among IYC, conducting nutrition education on
complementary feeding practices, as well as maternal perceptions regarding supplementary
feeding. The literature review showcased what would seem to be a need for the development of
an energy rich and nutrient dense supplementary food for the management of I'YC diagnosed
with MAM. Several lines of evidence suggest that supplementary foods fed to I'YC are largely
plant-based or fortified. As a result, I'YC with MAM might not be meeting their nutrient
requirements. The latter can be improved by the use of appropriate processing techniques in the
manufacture of nutrient dense supplementary food, as the literature highlights the need to control
the bulkiness and fibre content of supplementary foods. Therefore, formulations of food based on
a combination of extrusion and malting techniques, would render a supplementary food with a
higher nutrient density for the treatment of I'YC with MAM.
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Thus far, literature has shown that there is no definitive consensus on the most effective
treatment protocol for managing 1'YC with MAM. Considering all the evidence presented, it is
evident that a number of supplementary foods that are currently used in the management of
MAM, including CSB+, have a modest potential to improve the anthropometric status of 1'YC
with MAM. As a result, these studies highlight the need for developing an alternative 1YC
supplementary food with an appropriate nutrient density to improve nutritional status. However,
despite a paucity of empirical data, there seems to be some evidence indicating that nutrition
education in addition to the provision of supplementary food improves the nutritional status of
I'YC with MAM. Overall, studies support the notion that nutrition education guided by the HBM
and the UNICEF conceptual framework improves the complementary feeding and hygiene
practices of mothers, resulting in an improved 1'YC nutritional status. The evidence presented in
this literature review, suggests that nutrition education is effective in improving complementary
feeding practices. However, little is known about mothers’ perceptions, barriers, and
experiences to implementation of supplementary feeding interventions in the management of
I'YC with MAM. In addition, there is lack of published findings of studies conducted in Uganda
that investigated the effectivity of using indigenously formulated malted supplementary foods for
the management of 1'YC with MAM.
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CHAPTER 3: FORMULATION, SENSORY ATTRIBUTES AND NUTRIENT
DENSITY OF A MALTED SORGHUM BASED PORRIDGE FOR
THE MANAGEMENT OF MODERATE ACUTE
MALNUTRITION*

Abstract
The limited number of energy rich, nutrient dense supplementary food in low socio-economic

settings has hampered efforts to provide mothers of malnourished infants and young children
(I'YC) with appropriate foods to complement household foods. Often, the swelling of starch in
the presence of water and heat, in un-malted porridges used as supplementary food among IYC
suffering from moderate acute malnutrition (MAM) is not addressed as reduces the nutrient
density of such foods. The aim of this study was to formulate and assess the nutrient content of
the malted sorghum based porridge (MSBP) with the most acceptable sensory attributes for the
management of 1'YC with MAM. The MSBP was formulated from malted sorghum flour mixed
with extruded soy-maize flour in varying proportions using the NutVal 4.0 software program.
Four MSBP formulations (F617, F93, F892 and F940) met the specifications of a supplementary
food suitable for feeding I'YC with MAM. These formulations were subsequently assessed for
consumer acceptability. The extruded soy-maize was combined in a ratio of 3:7 for F617 and
F593 formulations, and 1:1 for F892 and F940. For the F617 and F892 formulations, 25%
sorghum malt was added; while for the F593 and F940 formulations, 30% sorghum malt was
added. The corn soy blend (CSB+), the standard care for managing MAM in Sub-Saharan
countries, combined in a ratio of 4:1 (maize: soy) was used as a reference. The rationale of
using extrusion in the formulation of MSBP was that the process would pre-digest the starch
component of the soy-maize mixture, thereby reducing the bulkiness of the product. Analysis of
variance was used to compare the acceptability scores and viscosity of the different MSBP
formulations to test for significant differences between the means scores. The formulations had
significantly different (p<0.05) acceptability scores for flavour, taste, mouth feel, sweetness and
overall acceptability. F617 had significantly (p<0.05) higher mean acceptability scores than F93,
F892, while F940. F617 had significantly (p<0.05) higher energy and nutrient contents than

*This chapter was submitted for publication to the African Journal of Food Science as; Kajjura RB, Veldman FJ, &
Kassier SM. Formulation, sensory attributes and nutrient density of a malted sorghum based porridge: Potential in
the management of moderate acute malnutrition among infants and young children.
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CSB+. F617 at a flour rate of 25%, had an energy density, protein density and viscosity of
1.6kcal/g, 49/100kcal and 2809 cP respectively. Hence, a quarter (25%) of sorghum malt mixed
with three quarters (75%) of extruded soy-maize (F617) produced an energy rich and nutrient
dense MSBP with acceptable sensory attributes at optimal viscosity. It is therefore
recommended that the effect of MSBP on I'YC nutritional status (as an alternative to CSB+) in

the management of MAM should be investigated.

3.1 Introduction

The prevalence of MAM was estimated to be 7.4% (14 million) among I'YC younger than five
years in Africa, and 6.5% (4.2 million) in East Africa (Hayashi et al., 2017). Among African 1'YC
younger than five years, the prevalence of MAM has remained largely unchanged over the past
25 years, despite considerable growth in the continent’s economy (Lazzerini, Rubert, & Pani,
2013). Several reports and studies conducted in Sub-Saharan Africa cited a lack of nutrient
dense complementary foods as an underlying factor contributing to the prevalence of MAM, as
it compromises a mother’s/caregiver’s ability to provide an adequate energy and nutrient intake
for their 1YC (Briend et al., 2015; Lazzerini et al., 2013; WHO, 2012). The majority of
complementary feeding porridges produced from cereals are low in energy and nutrient density
(Muhimbula et al., 2011). Hence, the importance of processing local staple food blends with a
high nutrient density and energy content for the management of 1'YC with MAM has been
emphasised (Briend et al., 2015; Lazzerini et al., 2013), and recommended by several studies
(Lazzerini et al., 2013; Tizazu et al., 2010; Golden, 2009; Lin et al., 2008).

To date, several techniques, including malting, have been developed to increase the nutrient
density and energy content of cereal-legume based foods such as porridges that have an
acceptable viscosity (2000-3000cP), thereby making them suitable for 1'YC feeding (Lazzerini et
al., 2013; Khader & Maheswari, 2012; Dossa et al., 2011; King et al., 2007). A significant
increase in the nutrient density of supplementary foods made from cereals can be achieved
through the appropriate combination of malted cereals that have a high diastase power (Herlache,
2010, King et al., 2007). In addition, it has been suggested that nutritional quality is a key
aspect that needs to be considered in the dietary management of 1'YC with MAM (Ndagire et al.,
2015; De Carvalho et al., 2015; Lutter & Rivera, 2003). According to the WHO (2002), the

development of supplementary foods from malted and extruded locally available raw ingredients
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is one approach that can be used to meet the nutritional needs of 1'YC with MAM. For example,
the current standard care for I'YC with MAM in Uganda (CSB+) is a combination of fortified
extruded maize and soy flour in a maize: soy ratio of 4:1, as it provides at least 380kcal per 100g,
14% protein, 6% fat, and 4% ash (WHO, 2002). However, the extrusion process is very
expensive (Ali et al., 2017), and substitution of a portion of maize flour with enzyme active
sorghum malt would be beneficial for I'YC whose digestive function is often impaired due to
malnutrition (Herlache, 2010). In addition, the production cost would also be reduced, by

producing a more cost effective supplementary food.

As the prevalence of wasting among I'YC in Uganda is 4% (0.4 million) (UBOS, 2018), un-
malted fortified maize-soy blends such as CSB+ are used for the management of I'YC with
MAM, despite their compromised digestive system (Herlache, 2010). Conversely, malted active
sorghum flour combined with extruded cereals and legumes for the production of nutrient dense
pre-cooked supplementary foods have not been used in the management of 1'YC with MAM. In
this study, a variety of supplementary porridge formulations were developed from malted
sorghum and extruded soy. The energy content and nutrient density, sensory attributes and
viscosity of the malted sorghum based porridge (MSBP) formulations were evaluated against
reference nutrient specifications for the management of 1'YC with MAM.

3.2 Methodology

In this study, a hydration technique was used to develop an energy rich nutrient dense porridge
from malted sorghum and extruded soy-maize flour to address the low energy content and
nutrient density of available supplementary foods for I'YC with MAM whose diets primarily
consist of cereals and legumes (Briend et al., 2015; Lazzerini et al., 2013). The sorghum malt
was primarily used as a source of enzymes to pre-digest the formulated porridge. A sensory
attribute score analysis coupled with viscosity levels, were applied to determine the most
acceptable MSBP formulation suitable for the management of IYC with MAM. Proximate
analysis procedures were used to estimate the nutrient composition of the best formulated MSBP

flour as per the sensory evaluation of a laboratory and community panels.
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3.2.1 Study design

An experimental study was conducted to develop a MSBP supplementary food from fresh grains
of sorghum, soy-bean and maize varieties. A factorial randomized block design was used to
formulate the MSBP.

3.2.2 Study setting

The MSBP formulation and assessment of nutrient content was conducted at the Department of
Food Technology and Nutrition, Makerere University in Kampala. = Consumer acceptability
studies were conducted among 51 breastfeeding mothers of 1'YC at Arua Regional Referral
Hospital (ARRH), in Arua district, Northern Uganda who attended the outpatient clinic for

routine health services.
3.2.3 Raw materials

Quality sorghum (Sorgum bicolour L Moench) grain of the Seso variety, maize (Zea mays) of the
Longe variety and soy (Glycine max) of the Maksoy variety with acceptable aflatoxin levels of
less than ten parts per billion and a germination power of 95% were procured from Farm Input
Care Centre Limited, a certified seed company of the National Semi-Arid Resources Research
Institute in Uganda. The raw materials were transported to the Department of Food Technology,
Nutrition and Bio-engineering, Makerere University in Kampala and kept at room temperature
until processing. Standard basic and analytical chemical Sigma reagents for laboratory
proximate and chemical analysis were obtained from reputable and certified chemical firms in

Kampala, Uganda.

3.2.4 Ingredient preparation for the development of a MSBP

Sorghum and malt preparation

Sorghum grains were sorted, winnowed to remove extraneous matter, dust and unwanted grains,
and washed under running tap water until the water was clear. This was followed by steeping the
grains at room temperature in a 0.2% NaOH solution, three times the volume (1:2 w/v) of the
grains for 24 hours to enhance germination and reduce microbial load (Kanensi, Ochola,
Gikonyo, & Makokha, 2013). At the end of alkaline steeping, the grains were thoroughly rinsed

under portable running tap water to remove excess sodium hydroxide. The grains were then
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further soaked in 0.05% sodium hypochlorite solution for two minutes to reduce the microbial
load (Kanensi et al., 2013), and subsequently spread out (1 mm thickness) on clean and
disinfected aluminium trays at an ambient temperature. The grains were germinated at an
ambient temperature of about 25°C and relative humidity of 95% for 72 hours to produce
optimal quality active malt. Once a day the germinating grains were sprinkled with fresh water
and the grains turned to minimise the meshing of the roots and shoots. After three days (72
hours), germination was stopped by drying the sorghum malt grains for 24 hours at 50°C in a hot
air oven (Tauro Essiccatori, B. Master SR12046, Camisano Vicentino (V1), Italy). The dried
sorghum malt grains were cleaned of the sprout and hulls by rubbing it on the wire mesh,
pounding and winnowing. The cleaned malt grains were ground using a Waring blender (Model
5011, Warring Products Corp. New Hartford, CT, USA) to refine the flour by passing it through
a fine sieve of 300um aperture for homogeneity and kept in an airtight container at ambient room

temperature of about 25°C.

Preparation of soy flour

Soy was sorted to remove extraneous foreign materials, dust and spoiled beans. Soy beans were
then washed and soaked in water (1:2) w/v for one hour (Stephany, Eckert, Bader-Mittermaier,
Schweiggert-Weisz, & Carle, 2016), followed by the cleaned soy being sun dried for 12 hours to
reduce the water content to about 13%. The treated clean soy was further dried at 50°C in a hot
air oven (Tauro Essiccatori, B. Master SR12046, Camisano Vicentino (VI), Italy) until a
moisture content of 9% was attained. The soy was then roasted in an oven at 90°C for 20
minutes with frequent turning to decrease the trypsin inhibitor activity and improve the soy
flavour (Lazzerini et al., 2013). After cooling, the soy was milled using a Warring blender
(Model 5011, Warring Products Corp., New Hartford, CT, USA) into flour by passing it through
a 300um sieve and stored in air tight plastic containers at room temperature (25°C).

Preparation of maize flour

Maize grains were manually cleaned to remove foreign materials and grains of an inferior
quality. Compressed air was then applied for 30 minutes to remove dust. The grains were then
de-hulled and milled into flour using a Warring blender (Model 5011, Warring Products Corp.
New Hartford, CT, USA). The maize flour was subsequently sieved through a 300um aperture



68

sieve for homogeneity and stored in airtight plastic containers at a mean room temperature of
25°C.

Extrusion process for maize and soy

The maize and soy flour with a moisture content between 6% and 8% respectively, combined in
a ratio of 70:30, was fed into the extruder for extrusion. The latter extrusion ratio was different
to that of CSB™ (80:20) which is the standard care for the treatment of MAM among IYC in
Uganda. The higher proportion of soy (30%) in the formulation than that of CSB" during
extrusion allowed for subsequent mixing with malted sorghum to meet the formulation
specifications. The extrusion process was carried out with a Brabender 20 DN single screw
extruder, using a 4:1 compression ratio screw, a 3/20-mm (diameter/length) die and a screw
speed of 150 rpm. The maize-soy in a ratio of 70:30 or 80:20, was extruded at a barrel
temperature profile of 110°C to 150°C. The extrudes were dried in a hot air-dryer (Tauro
Essiccatori, B. Master SR12046, Camisano Vicentino (V1), Italy) at 105°C for 15 minutes, and
milled to a fine flour using a Waring blender (Model 5011, Waring Products Corp, New
Hartford, USA) after cooling. The resulting flour was sieved through a 300 um aperture sieve
for homogeneity and stored in air tight plastic containers at room temperature for subsequent
MSBP formulations.

3.2.5 Formulation of MSBP

The malted sorghum flour was blended with an extruded soy and maize flour to meet the
recommended nutrient specification for the management of 1'YC with MAM (WHO, 2002). The
maximum moisture content of 10% and dietary fibre together with an ash content of 4% were
used as reference values (WHO, 2002). Using the NutVal 4.0 software, the excel calculator
program provided the estimated nutrient content of the individual formulations coded F617,
F593, F892 and F940 as detailed in Table 3.1. The proportions of each MSBP formulation
provided an energy and protein content that met the dietary reference intake for I'YC diagnosed
with MAM. The four MSBP formulations generated were then assessed to determine the
optimal MSBP formulation in terms of acceptable sensory attributes, coupled with optimal

Viscosity.
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3.2.6 Sensory attributes, energy, nutrients, viscosity, pH, total solids of MSBP

Sensory evaluation of MSBP formulations

The formulated porridges were prepared by mixing 20g of the four different MSBP formulation
flours with lukewarm water in a ratio of 1:2 (w/v) to form a smooth paste. The paste, without
sugar added, was heated in a semi-closed cooking saucepan to boiling point (100°C) and held at
this temperature for fifteen minutes with periodic stirring (Muhimbula et al., 2011). The effect
of different ingredient proportions on the sensory attributes of the formulated hydrolysed MSBP
was subsequently determined after serving the MSBP porridge samples hot (50°C) in randomly

coded plastic cups.

A laboratory scale panel comprising of 37 undergraduate students from the School of Food
Technology, Nutrition and Bio-Engineering Makerere, University was used to assess the flavour,
taste, mouth feel, sweetness and overall acceptability of the different porridge formulations.
Students recorded their respective sensory scores on an evaluation form developed for the
purpose of the study (Appendix F, p229). Acceptability of the same MSBP formulations was
determined in the field using a community panel of 51 breastfeeding mothers, visiting ARRH for
routine health services. Trained research assistants informed the mothers in their local language
about the aim of the study and the procedure for conducting the sensory evaluation of the MSBP
formulation samples. Those who agreed to participate in the study signed informed consent
forms. Trained research assistants helped each mother to record their responses on the sensory score
evaluation form similar to that used by the student panel. In both cases, a nine point hedonic scale
(where 1 = like extremely, 5 = neither like nor dislike, and 9 = dislike extremely) was used for
scoring consumer acceptability of the different sensory attributes. The MSBP formulation sample
that received the highest mean score for all sensory attributes by the two consumer panels was
evaluated for pH value, total soluble solids, energy content, nutrient density and viscosity. The
acceptability scores of the various formulations were analysed and compared to the control of
CSB+, (a supplementary porridge manufactured by Reco industries limited, Kampala, Uganda),

to determine the sensory attributes that are most acceptable for the MSBP formulation.
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Determining energy content of MSBP flour

The energy content of the MSBP formulation with the highest mean score for consumer
acceptability across all the sensory attributes was determined using a validated bomb
calorimetric method [Association of Official Analytical Chemist (AOAC) 2012]. The
combustion heat was quantified in triplicate with benzoic acid as a standard for calibration
(AOAC, 2012; Urban et al., 2010). The mean energy content was reported in kcal per 100g of
flour with standard deviations.

Proximate analysis of MSBP flour

The nutrient content of the MSBP formulation with the highest mean score and viscosity
between 2000-3000cP was evaluated for moisture, ash, crude protein, crude fat, and fibre
content. Moisture content was determined according to weight loss of the sample after heating in
an oven (Gallenkamp Hotbox oven, size 1) at 105°C for twelve hours (AOAC, 2012). Protein
content (calculated by multiplying total nitrogen by a factor of 6.25) was determined using the
Kjeldahl method (AOAC, 2012), while fat content was determined by the ether extraction
method (AOAC, 2012) using Soxhlet apparatus (Tecator Soxhlet System, HT6, Sweden). The
dietary fibre content was determined using a Fibertec extraction technique (AOAC, 2012). Ash
content was determined by heating the sample at 550°C for eight hours (AOAC, 2012).

Evaluation of viscosity of MSBP

The Brookfield viscometer (Brookfield Engineering Labs Inc., Stoughton MA, USA), equipped
with spindle size number three was used to determine the apparent viscosities of MSBP at 50°C.
MSBP flour samples of 20g, 25g, 30g and 40g, were all mixed with 100 ml of water. This
resulted in flour rates (dry matter content) of 20%, 25%, 30%, and 40% respectively. Each flour
rate was mixed and boiled in a pressure cooker at 100°C for 15 minutes. A 500mI MBSP sample
at a temperature of 50°C was then placed in a 600ml insulated glass beaker. The viscometer
spindle was allowed to rotate at 10rpm in the centre for two minutes after which viscosity in
centipoise (cP) was determined and recorded. The spindle rotated five times before the viscosity
reading was taken. The MSBP flour rate with a viscosity between 2000-3000cP was the
preferred choice for I'YC feeding (YYadav, Chhikara, Anand, Sharma, & Singh, 2014).
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pH value

The pH value of the MSBP formulations was determined using a bench top pH meter (Oakton,
2100 series) according to the AOAC (2012) approved method. The pH meter was calibrated at
room temperature with three different standard buffers of pH 4, 7, and 10 respectively. Twenty
millilitres of the sample was placed in a beaker and stirred with a glass electrode for five minutes

after which the pH was read off and recorded.

Total soluble solids of MSBP

An in-vitro experiment was conducted to evaluate the total soluble solid content of the MSBP
formulations at a 25% flour rate by means of Brix scale refractometry (AOAC, 2012). A six
percent sucrose solution was freshly prepared and used as the reference standard solution.
Several drops of distilled water, sucrose solution, or MSBP samples were placed on the prism
surface of the refractometer. Caution was taken to ensure that liquid on the prism plate was free
from bubbles or floating particles. The refractive index of MSBP sample solutions was measured

as the percentage of dissolved solids (total soluble solids).

3.2.7 Data analysis

Descriptive statistics including univariate, t-tests and variance test analyses were conducted
using Stata /SE version 13.0 statistical software to analyse pH, total solids, nutrient content,
sensory evaluation, and viscosity levels. The MSBP energy and nutrient content of the best
MSBP formulation were calculated on a dry basis, and expressed as means and standard
deviations.  An independent t-test was used to determine the difference between the mean
nutrient content and the viscosity levels of CSB™ to that of the optimal MSBP formulation.
Analysis of variance was used to compare consumer acceptability scores of the four individual
MSBP formulations and CSB+, as well as their respective viscosity levels. All results were

considered significant at p<0.05.

3.3 Results

Malting was only performed on sorghum grains, while extrusion was done on soy and maize.

The maize, malted sorghum and soy grains were all milled before the formulation trial
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preparations. Sensory (organoleptic) attributes namely taste, colour, appearance, smell, and
texture were performed on all the MSBP formulations, while energy, nutrient content, and
viscosity analyses were conducted on the formulation that scored the highest in terms of sensory
attributes.

3.3.1 MSBP formulations

The physicochemical characteristic showed that the mean total soluble solids at a 25% flour rate
of the MSBP formulations was 20 * 0.5, while the average pH of the formulations was 6.4 + 0.4
with no statistically significant differences recorded between individual mean values of the total

soluble solids and pH.

Ingredient combinations ratios, energy and nutrient content estimates of MSBP formulations and
CSB+ (control) samples are shown in Table 3.1. Nutrient combination for each formulation
satisfied the inequality of protein >14% and energy >380kcal for the management of 1'YC with
MAM (WHO, 2002). The four different MSBP formulations (F617, F593, F892 and F940) were
developed using combinations of raw maize, extruded soybean and maize flours, as well as
roasted soy and sorghum malt. The extruded soy-maize was combined in a ratio of 3:7 for the
F617 and F593 formulations; while for F892 and F940, half of the formulation was extruded
maize flour. For all the formulations, sorghum malt was varied at 30% and 25% of the

composition to reduce the viscosity of the gruel.

Table 3.1: Ingredient combinations ratios, energy and nutrient content estimates of MSBP
formulations and CSB+

Formulations Ingredient combination ratios (%) Energy and nutrient content estimate
(NutVval) per 100g dry weight

Extruded or Extruded or Malted Energy Protein Fat Iron

raw maize roasted soy sorghum (kcal) (9) (9) (mg)

F617 52.5 22.5 25.0 412.0 15.6 7.9 2.8
F593 49.0 21.0 30.0 409.4 15.3 7.6 2.9
F892 50.0 25.0 25.0 412.7 16.2 8.4 2.8
F940 50.0 20.0 30.0 409.1 15.1 7.3 2.9
CSB+ (Control) 80.0 20.0 00.0 417.1 15.4 6.6 7.1

Formulations: F617= Extruded maize:soy+sorghum malt (75:25), F593= Extruded maize:soy+sorghum malt (70:30), F892= Roasted soy:raw
maize:sorghum malt (25:50:25), F940= Roasted soy:raw maize:sorghum malt (30:50:20), CSB+ = fortified maize:soy blend (80:20)
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3.3.2 Consumer acceptability of MSBP formulations and CSB+

Sensory evaluation by laboratory student panel

The different formulations of MSBP significantly affected consumer acceptability scores in
terms appearance, colour, flavour, taste, thickness, consistency, mouth feel and sweetness (p <
0.05). Samples of MSBP formulations containing less malted sorghum flour were deemed more
acceptable than those containing more soy flour. There was a statistically significant difference
(p < 0.05) among the MSBP formulations in terms of flavour, taste, mouth feel, sweetness, and
overall acceptability. However, there was no significant difference among the formulations in
terms of appearance, colour, thickness and consistency. F940 had the lowest mean score for
flavour, taste, mouth feel, sweetness, and overall acceptability (Table 3.2), whereas F617 had the
lowest mean score for thickness but had the highest mean score for appearance, colour, taste,

consistency, mouth feel and overall acceptability.

Table 3.2: Mean sensory attributes of MSBP formulations and CSB+ by students

Sensory attributes (mean score)
MSBP

formulations . ) Mouth Overall
Appearance Colour Flavour Taste Thickness | Consistency Sweetness .

(N=37) feel acceptability
617 7 0+1 6° 75+1.8° 6.9+1.5° 6.7+2.0° 7.51.3" 6.9+2.0° 6.2+1.7° 6.3+1.8° 7.1+1.6°
F593 6.341.8° 5941 6° 6.1+1.9° | 5.7+1.6° 4.8+15° 5.1+1.8° 5.9+1.8° 5.8+1.6° 5.6+1.7°
F892 7542 07 7341 5° 7.2+1.4° 6.5+1.5° 7.0+1.6° 6.3+1.7° 6.2+1.5° 6.0+1.9° 6.4+1.7%
F940 7 441.9° 70+1.4° 6.7+1.8% 6.2+1.7% 6.71.9° 6.4+1.6% 6.6+1.5° 6.9+1.8° 6.6+1.4°
CSB+ 7 6415° 1osge | TOEL4Y | 67130 7.4+1.7° 6.6+1.5% 6.4+1.2° 6.5+1.9% 6.9+1.8%

(Control ) o o

Values depict mean + standard deviations (N=51 mothers)

Values in a column with the same superscript do not differ significantly (p>0.05)

Scores 9-Like extremely; 8-Like very much; 7-Like moderately; 6-Like slightly; 5-Neither like nor dislike; 4-Dislike slightly; 3-Dislike
moderately; 2-Dislike very much; 1-Dislike extremely.
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Sensory evaluation by community panel of mothers

The results presented in Table 3.3 show that the F617 formulation was ranked the best for all
sensory attributes, except for F593 where both F617 and F593 were slightly liked. The
appearance, colour, thickness, and consistency of F617 were not significantly different from the
other (F593, F892 and F940) MSBP formulations. The flavour, taste, mouth feel, sweetness and
overall acceptability of porridges were significantly lower (p<0.05) than for the F617
formulation. The proportion of malted sorghum flour added to the extruded soy-maize
composite flour in the ratio of 1:3 could have resulted in the recorded difference in sensory
attributes. The flavour, taste, consistency, mouth feel, sweetness and overall acceptability of
F940 were rated lowest. The sensory attributes of MSBP samples showed that the higher their
flavour and taste scores, the higher the acceptability score. The trend recorded by the panel of

mothers in the community was similar to that observed with the laboratory panel (Table 3.2).

Table 3.3: Mean sensory attribute scores of the MSBP formulations and CSB+ by mothers

MSBP Mean sensory attributes scores

formulations Appearance Colour Flavour Taste Thickness  Consistency Mouth Sweetness Overall
(N=51) feel acceptability
F617 7.4+1.8° 7.0+1.7%  7.1+1.8%  7.2+1.4° 6.7+1.1° 6.9+1.8° 6.5+2.2° 6.442.22 7.0.8+1.5%
F593 6.9+1.7° 6.9+1.8% 6.0+1.3° 6.5+1.5% 6.9+1.9° 6.7+1.6° 6.2+1.7% 6.4+2.0° 6.7+1.8%
F892 6.7+¢1.9° 6.7+1.6°  6.2#15° 57+1.9% 6.2+1.8° 5.9+1.9° 5.3+2.0" 49+2.0° 6.2+1.7°
F940 6.3+2.2° 7.0£1.8% 58x1.7° 4.97+16° 6.3+2.0° 6.1+2.0° 4.622.0° 4.3+2.0° 5.3+1.7¢
CSB+ (Control) 7.1+1.4° 7.2415%  7.0+#16° 6.9+1.3® 6.8+1.7° 6.8+1.2° 6.6+1.5® 6.3x2.1° 6.8+1.6®

Values depict mean + standard deviations (N=51 mothers)

Values in a column with the same superscript do not differ significantly (p>0.05)

Scores: 9-Like extremely; 8-Like very much; 7-Like moderately; 6-Like slightly; 5-Neither like nor dislike; 4-Dislike slightly; 3-Dislike
moderately, 2-Dislike very much; 1-Dislike extremely

3.3.3 Viscosity of MSBP by flour rates

The viscosity level of the MSBP supplementary porridge formulations at the different flour rates
(dry matter concentration) of 20%, 25%, 30% and 40% of MSBP flour, increased significantly
(p<0.001) with an increase in dry matter as is shown in Table 3. The viscosity of the MSBP
samples increased with flour rates ranging from 1235 to 7098cP. Only F617 at a flour rate of
25%, met the viscosity requirement (2000 — 3000cP) for I'YC feeding. Formulations containing

more maize flours had higher viscosity values.
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Table 3.4: Viscosity of MSBP formulations by flour rate

Formulations & Viscosity (cP) at 50°C
control Flour rate Flour rate Flour rate Flour rate
(20%) (25%) (30%) (40%)

F617 1235+63" 2809+49° 4372423 5958+59°
F593 2528+47° 3100+80° 3579+12" 4244+84°
F892 3689+57° 4559+31° 5865+71° 6299+86°
F940 4039+83° 5059+96¢ 6176+64° 7098+44°
CSB+ (Control) 2875+32° 3220+28° 4657+82" 5742+54°
p-value* p<0.001 p<0.001 p<0.001 p<0.001

Values depict mean + standard deviations for triplicate measures.
Figures in a column with a different superscript differ significantly (p< 0.001)
* = analysis of variance. cP = centipoises.

3.3.4 Nutrient content of MSBP compared to CSB+

The nutrient content of the optimal MSBP formulation was compared to that of CSB+ values on
a dry basis. These results in Table 3.5 show that MSBP differed significantly (p<0.001) from
CSB+ for all nutrient comparisons, as MSBP contained significantly higher (p<0.01) energy and
crude protein levels. The moisture content of MSBP flour was below the maximum
recommended value of 10% for I'YC supplementary foods used for the management of MAM
(WHO, 2002).

Table 3.5: Nutrient content of MSBP flour compared to CSB+ flour

Nutrient content per 100g dry matter

Nutrient content MSBP (mean * SD) CSB+ (mean * SD) p-value*
Moisture (g) 6.6+0.72° 8.9+0.16° p<0.001
Ash (g) 2.1+ 0.08* 4.1+0.08° p<0.001
Energy (kcal) 487.3+0.48° 380.0+0.75" p<0.001
Crude protein (g) 19.1+0.09° 14.0+0.06" p<0.001
Crude fat (g) 4.4+0.02° 6.0+0.12° p<0.001
Crude fibre (g) 2.8+0.04% 5.0+ 0.08° p<0.001
Iron (mg) 2.8+0.05% 6.5+ 0.14° p<0.001

Values depict mean + standard deviation (SD) for triplicate measures
Figures in a row with a different superscript differ significantly (p< 0.001)
* Independent t-test
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3.4 Discussion

A key constraint regarding the management of IYC with MAM living under poor socio-
economic circumstances is a lack of supplementary foods to facilitate catch up growth (Annan et
al., 2014; Lazzerini et al., 2013; WHO, 2012 ). The study findings showed that the optimal
MSBP formulation from malted sorghum and extruded soy-maize, resulted in a culturally
acceptable energy dense and protein rich supplementary porridge that could be beneficial in
terms of catch up growth in the management of 1'YC with MAM (Golden, 2009). The proportion
of MSBP ingredients, sensory attributes, energy and nutrient content, and ideal viscosity of the

optimal MSBP formulation are discussed in the subsequent sections.
3.4.1 Composition of the optimal MSBP formulation

The F617 formulation containing a quarter sorghum malt (25%) mixed with three quarters of
extruded soy-maize (75%), met the energy (>387kcal) and protein (>14%) specifications for the
management of 1'YC with MAM (Annan et al., 2014; WHO, 2002). The malted sorghum was a
key ingredient, mainly providing active amylase enzymes that improved soy-maize dry matter
consistency on cooking. Soy was used as the main source of protein, while maize provided the
necessary energy required for the management of 1'YC with MAM. Dietary ingredients that are
high in energy and also serve as a source of high quality protein, are recommended for the
formulation of supplementary foods suitable for the management of I'YC with MAM (WHO,
2012). The nutritional benefit of the optimal MSBP formulation is that the energy content and
protein levels required for the management of MAM, can be provided as a single composite
supplementary food that otherwise would be difficult to meet if individual food sources were
used. Therefore, MSBP containing the recommended energy and protein levels, could

potentially support catch up growth of I'YC with MAM.
3.4.2 Consumer acceptability

The consumer acceptability results showed that the MSBP formulations were generally
acceptable in terms of appearance, colour, thickness, consistency, flavour, taste and mouth feel.
Sensory attributes of MSBP formulations were related to its ingredients, coupled with the
combination of sorghum malt and soy-maize extrusion processes. The result of the current study

concurs with that of previous studies reporting that sensory attributes of mouth feel, colour and
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smell have been modified by roasting soy, followed by extrusion of soy-maize (Muhimbula et
al., 2011). The malted sorghum flour contributed towards the sweet taste and flavour of the
MSBP formulations, while its golden brown colour was related to the creamy white sorghum,
cream yellowish soy and white maize flours. The malting, roasting and extruded products of
maize kernels and soy have consistently been linked to good consumer acceptability when used
in the formulation of composite flour for I'YC feeding (Muhimbula et al., 2011). Thus, consumer
sensory acceptability of MSBP F716 (as the most preferred) at a flour rate of 25% could be
attributed to the above characteristics of the formulation.

3.4.3 Viscosity levels

The F617 formulation with the highest sensory attribute mean score at a flour rate of 25% (25¢g
of MSBP in 100ml of water) produced a porridge with a viscosity of 2809cP, thus comparing
favourably to the semi-solid complementary foods recommended for feeding I'YC (WHO, 2002).
Thus illustrating that a supplementary porridge prepared from cereal-grains mixed with legume
flours involving extrusion and malting can be prepared at a higher dry matter ingredient
concentration.  The results of this study is in agreement with studies reporting that
complementary foods from germinated sorghum flours could be prepared at a higher solids
concentration of 15% (w/v) without exceeding the upper viscosity limit of 3000cP (Tizazu et al.,
2010) for 1'YC feeding. Often, the formulation of diets from un-malted cereal-legume mixtures,
results in flour rates of less than 15% to produce optimal viscosity levels due to the swelling of
starch during cooking (Lazzerini et al., 2013). Overall, combining malting and extrusion
increased the dry matter content of MSBP up to 25% within the WHO (2012) recommended
viscosity range. The findings of this study showed that the F617 formulation had better optimal
viscosity suitable for I'YC porridges when compared to CSB+. The optimal viscosity attained
with the F617 formulation flour rate could be attributed to active enzyme hydrolysis of protein

and starch present in the sorghum malt.
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3.4.4 Energy and nutrient profile of MSBP flour

Energy content

The energy content of MSBP per 100g was 487kcal, thus contributing nearly a third (28.2%)
more than the WHO recommendation of 380kcal per day to reverse MAM among IYC. The
high energy content of the MSBP formulation would therefore be suitable for I'YC with MAM
whose digestive system is compromised due to malnutrition, coupled with a limited stomach
capacity and relatively high energy and nutrient needs to facilitate catch up growth. The main
source of energy in MSBP was carbohydrate and fat, although the fat was below the minimum
quantity of 6.6% recommended by the WHO (2012) for I'YC with MAM. However, the low fat
content of MSBP could be favourable for improving shelf-life of MSBP, since cereal-legume
foods with a low fat content have a longer shelf life than similar composite fours with a higher
fat content (Serrem, de Kock, & Taylor, 2011).

Protein content

The nutrient content of MSBP included 19.1g of protein per 100g, making it comparable to the
20g required by I'YC with MAM on a daily basis (Golden, 2009). The amount of protein in
MSBP was higher than that of CSB+ and the minimum WHO specification value recommended
for the treatment of 1'YC diagnosed with MAM. Results generated by the current study showed
that the protein content of 39.2g per 1000kcal was 1.5 times higher when compared to the
recommended daily intake of 26g/1000kcal and 10.4% for 1'YC with MAM (WHO, 2012 ).
Thus, the protein content in MSBP could contribute to catch up growth, as the soy used in the
formulation of MSBP has all the essential amino acids, particularly leucine, lysine and alanine

required for I'YC recovery from MAM (Lazzerini et al., 2013).
Fibre content

The dietary fibre content of MSBP at 2.8% was 42.9% lower than the recommended maximum
content for I'YC with MAM. A possible explanation could be that the action of sorghum malt’s
active enzymes during the cooking process could have reduced the dietary fibre content of
MSBP to a level that makes it suitable for consumption by I'YC with MAM. The results of this
study suggests that the MSBP formulation with a fibre content below the maximum of 4% could
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be beneficial for I'YC with MAM, as it is in accordance with the WHO (2012) recommendation
that results in a reduction of bulk and gastrointestinal transit time. A recent study recommended
that to achieve a fibre intake of not more than 0.5g per kilogram body weight per day, its fibre
content in a cereal-legume composite flour should not exceed 2.5% (Kahsay, 2016; WHO,
2002).

3.4.5 Energy and nutrient density of MSBP

Energy density

The energy content of MSBP (F617) at 487 kcal/100g was high, compared to that of CSB+ at
387 kcal/100g. If used, MSBP therefore has the potential to contribute to nearly a third of the
daily recommended kcal/100g of the daily energy requirements to reverse MAM among 1YC
(WHO, 2012). In addition, the energy density of F617 at 1.6kcal/g, was 23% higher when
compared to that of CSB+. In this study, energy density was increased by pre-digestion of MSBP
through enzyme active malt, particularly amylase, which increased the energy density of the
porridge. This was possible because the MSBP flour was mixed with water and gradually
cooked to pre-digest the starch. The energy density of the MSBP (F617) formulation is higher
than the values previously reported where the addition of amylase increased the energy density
of Super Cereal Plus (previously known as CSB+) porridge from 0.7 to 1.1kcal/g (Lazzerini et
al., 2013). In addition, the energy density of the MSBP (F617) formulation fell within the
recommended range of 1.5 to 2.0 kcal/g for feeding I'YC aged 6 to 23 months with MAM
(Golden, 2009; Tizazu et al., 2010) and was higher than that of CSB*, the standard care of MAM
in Uganda. Importantly, the extrusion and malting processes used in the development could have
been responsible for the increased nutrient density. Thus, the energy density of the MSBP
formulation would make it highly suitable for the management of 1'YC with MAM, despite their

compromised digestive system.

Nutrient density

In this study, the protein content of MSBP (19.1g/100g) was higher than the minimum value
(169/100g) recommended for the management of 1'YC with MAM (WHO, 2002), resulting in a
protein content of 39.2g/1000kcal. This is 1.5 times higher than the recommended daily intake of
269/1000kcal for 1'YC with MAM (WHO, 2012 ). In addition, the nutrient density of MSBP was



80

higher than that of CSB+, the current standard care in Uganda. The extrusion and malting
processes used in the development of MSBP could have been responsible for the increased
nutrient density. However, the higher nutrient density could also be the result of ingredients such
as malted sorghum that provided active enzymes for pre-digestion of protein, fat and
carbohydrate, as well as the combination of malted sorghum mixed with extruded soy-maize.
Thus, the nutrient density of MSBP could be beneficial for the management of I'YC with MAM,
as ingredients such as soy contain high amounts of all the essential amino acids that facilitate
optimal growth (Lazzerini et al., 2013). In this study, the amount of malted sorghum mixed
with extruded soy-maize reduced the bulkiness of the supplementary porridge. This could have

contributed to the high nutrient density.

3.4.6 Overall discussion

This phase of the study formulated an energy rich, nutrient dense MSBP from malted sorghum
flour combined with extruded soy and maize flour to produce a composite food with acceptable
sensory attributes. The MSBP formulation containing 25% malted sorghum, 22.5% extruded soy
and 52.5% extruded maize, yielded a supplementary porridge with optimal properties in terms its
nutrient content, sensory attributes, viscosity levels, energy and nutrient density, thereby making
it suitable for the management of IYC with MAM. The rationale of using extrusion in the
formulation of MSBP was that the process would pre-digest the starch component of the soy-
maize mixture, thereby reducing the bulkiness of the product. While the active enzymes in the
sorghum malt digested the extrudates of soy-maize and sorghum dry matter, cooking of MSBP

concentrated its nutrient content at an optimal acceptable viscosity level.

3.4.7 Study Limitation

For evaluation of the sensory attributes of MSBP, breastfeeding mothers and not the I'YC the
supplementary porridge was intended for. Hence it is possible that the porridge could be rejected
by IYC and that it would be unsuitable for those suffering a soy allergy (Savage, Kaeding,
Matsui, & Wood, 2009). However, as is often the case, if mothers accept a particular food, 1'YC
are more likely to accept it or are gradually persuaded to consume the food (Muhimbula et al.,
2011).
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35 Conclusion and recommendations
3.5.1 Conclusion

This study established that sorghum malt can be used in the formulation of an acceptable energy
rich and nutrient dense supplementary porridge suitable for managing 1'YC with MAM. The
formulation (F617) containing 25% malted sorghum, 52.5% maize and 22.5% soy can be
adopted for managing MAM in IYC, since it is acceptable and meets the energy, nutrient

(protein) and viscosity requirements for feeding I'YC.

3.5.2 Recommendations

MSBP could be a suitable supplementary food for the management of I'YC with MAM due to its
high energy content and nutrient density. However, there is need for the Ministry of Health in
Uganda to evaluate the effect of MSBP on the nutritional status of 1'YC diagnosed with MAM to
demonstrate its efficacy, and sanction cost effectives studies for potential scaling up.
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CHAPTER 4: SOCIO-DEMOGRAPHIC CHARACTERISTICS AND
COMPLEMENTARY FEEDING PRACTICES OF MOTHERS WITH
INFANTS AND YOUNG CHILDREN WITH MODERATE ACUTE
MALNUTRITION®

Abstract

Introduction: Appropriate complementary feeding practices have the potential to improve the
nutritional status of infants and young children (I'YC) with moderate acute malnutrition (MAM).
In addition, socio-demographics can potentially affect I'YC complementary feeding practices.
This study determined the socio-demographic characteristics and complementary feeding
practices of mothers with I'YC diagnosed with MAM in Aura district, Uganda.

Methods: A cross sectional descriptive survey involving face-to-face interviews was conducted
with 220 breastfeeding mothers of 1'YC aged 6 to 18 months with MAM. Socio-demographic
characteristics of mothers and their complementary feeding practices were determined using a
structured survey questionnaire. Complementary feeding practices were evaluated in terms of
minimum meal frequency (MMF), minimum dietary diversity (MDD), and minimum acceptable
diet (MAD) using a 24-hour recall. Associations between socio-demographic characteristics and

complementary feeding practices were determined using multivariate logistic regression analysis.

Results: Nearly two thirds of the households (58.8%) were recorded as food secure. Almost
three quarters (70.1%) of the mothers had a primary school education, whereas 15% had no
formal education. Foods especially prepared for the I'YC, excluding foods forming part of the
family diet, was provided by 42.6% of participants. The MDD and MMF of 1'YC was 13.2% and
41.2% respectively. Seven out of ten (6.9%) I'YC met the MMF and MDD for MAD. Mothers’
level of education (p=0.003), and that of the head of the household (p=0.023) was significantly
associated with MFF. Provision of food especially prepared or purchased for the IYC was
significantly associated with MMF (p<0.001), whereas mothers’ BMI was significantly
associated with MDD (p=0.01). Maternal care was significantly associated with MAD
(p=0.004).

> This chapter was published in the Journal of Human Nutrition and Dietetics as; Kajjura RB, Veldman FJ, &
Kassier SM. Maternal socio-demographic characteristics and associated complementary feeding practices of
children aged 6 to 18 months with moderate acute malnutrition in Arua, Uganda.
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Conclusion: Optimal complementary feeding practices were not met by the majority of mothers.
Maternal level of education and care for I'YC were strong predictors of MMF. Therefore,
nutrition education and care should be promoted among mothers of I'YC with MAM to improve
MDD, MMF and MAD.

4.1 Introduction

Inadequate complementary feeding practices are associated with infant growth faltering and are
an indirect cause of infant and young child (I'YC) mortality in developing countries (Imdad et al.,
2011). The dietary intake of breastfed IYC is often compromised by inappropriate
complementary feeding practices (Lutter & Rivera, 2003) such as limited dietary diversity and
low meal frequency, resulting in suboptimal diets that have an effect on I'YC nutritional status
(Irene Olmedo & Valeggia, 2014; Latham, 2014). In Uganda, cereal-based porridge is often
diluted to enable feeding of I'YC, thereby resulting in a dilution of nutrient content (UBOS,
2018).

Several studies have reported that factors associated with suboptimal complementary feeding
practices among I'YC aged 6 to 23 months include a lack of maternal education or/and limited
nutrition knowledge (Issaka et al., 2015; Victor et al., 2014; Senarath et al., 2012). Moreover,
the majority of I'YC are not fed an age appropriate diet (Latham, 2014). Instead, adult household
food is simply mashed to make it suitable for consumption.(Morison et al., 2018). Previous
studies reported that dietary diversity and meal frequency were associated with factors such as
maternal age, gender of the child, marital status, level of education, and social care of IYC
(UBOS, 2018; Aemro et al., 2013; Kabir et al., 2012; Khan et al., 2012).

The available literature points towards a paucity of information regarding complementary
feeding practices and associated maternal socio-demographic factors among 1'YC aged 6 to 18
months that are diagnosed with moderate acute malnutrition (MAM) in Sub-Saharan Africa
(Abuya et al., 2012). It is against this background that maternal socio-demographic
characteristics and complementary feeding practices of Ugandan breastfeeding mothers of 1YC
aged 6 to 18 months with MAM were assessed. The relationship between variables such as
special food preparation, i.e. food especially prepared or purchased for I'YC excluding adult

household food, maternal level of education, minimum meal frequency (MMF), and minimum
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dietary diversity (MDD) as indicators of complementary feeding practices were determined.
This study provided baseline information that guided and facilitated the implementation of a
cluster randomised control trial (cCRCT) to determine the effect of MSBP (Chapter 3) in
conjunction with nutrition education of mothers (Chapter 6) on the nutritional status of 1'YC
diagnosed with MAM (Chapter 5).

4.2 Methodology

This section explains how maternal socio-demographic characteristics and complementary
feeding practices were assessed by trained research assistants who administered a questionnaire
consisting of close-ended questions (Appendix D, p204) by means of a face-to-face interview

conducted at a gathering site in a parish.

4.2.1 Study design and setting

A cross-sectional descriptive survey was conducted among breastfeeding mothers of 1'YC aged 6
to 18 months who were diagnosed with MAM. Four sub-counties (Pajulu, Oluko, Oli River and
Dadamu) out of a possible eighteen in the Arua district were randomly sampled for inclusion in
the study. The four sub-counties consisted of thirty-five parishes of which twenty four were
conveniently sampled. This resulted in the study sample that included seven parishes in Pajulu,
five parishes in Oluko, five parishes in Oli River and seven parishes in Dadamu that were
conveniently sampled based on 1'YC records where a high prevalence of MAM was recorded at
the Arua Regional Referral Hospital. The 1YC that were diagnosed with severe acute
malnutrition (SAM) on screening for inclusion in the study sample were referred to Arua
Regional Referral Hospital (ARRH).

In addition, Arua is a rural district where the majority of inhabitants are of a low socio-economic
status (UBOS, 2018). The population predominantly belongs to the Lugbara ethnic tribe, and

mostly reliant on subsistence farming.
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4.2.2 Sample size

((Za+2p)* (3*)(+(m-1) p)
(hy—1y)2

this study (Brestoff & Broeck, 2013; Hemming et al., 2011), where (1 + (m — 1)p) = 1.5 as

2
The fixed cluster size equation was used to calculate the sample size for

design effect, (u, — ul)z = 0.4 as expected minimum difference between the desired power for
clinical importance (Ciliberto et al., 2005), (Z, + Zg 2 =13 as a constant defined by a p-value
and desired power, Z, = 1.96 and Zg = 1.645, 6 = 0.92 as the expected standard deviation of

the mean difference, and m = 10 as the mean cluster size.

4.2.3 Sampling procedure

The parish, from here on referred to as a cluster, contact persons were asked to assemble
breastfeeding mothers with 1'YC aged 6 to 18 months from their households to gather at a
convenient place within their parishes for potential recruitment for this study. Trained research
assistants measured weight, length and MUAC to screen for I'YC with MAM for inclusion into
the study. If I'YC who had a weight-for-length between -2 and -3 z-scores based on the 2006
World Health Organization (WHO) growth charts (WHO, 2008b), were recruited for inclusion
into the study, their mothers completed a baseline questionnaire by means of a face-to-face
interview conducted by a trained research assistant after signing an informed consent form
(Appendix B, p196). The recruitment of mother-1YC pairs was repeated on a first come first
enrolled basis within the parish until 10 mother-1YC pairs were recruited per parish. The IYC
aged 6 to 18 months whose MUAC measurement was below 11.5 cm, were referred to the
ARRH for appropriate management. The mothers of the I'YC with a normal MUAC (greater
than 12.5 cm) or normal weight-for-age (more than -2 z-scores), were given a copy of the
anthropometric measurements and their interpretation, and told that their children are growing
well. A bar of soap for was given to the mothers as compensation for their time, after which they

were informed that they can return home.

Inclusion criteria

Breastfed I'YC aged 6 to 18 months with a weight-for-length z-score between -2 and -3, hence diagnosed

with MAM, were eligible for participation.
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Exclusion criteria

Non-breastfeeding mothers with I'YC aged 6 to 18 months diagnosed with MAM were excluded
from the study.

4.2.4 Measurement of study variables

Independent variables included the mother’s marital status, body mass index and parity, whereas
highest level of education attained and age were determined for both the mother and the head of
the household. In order to determine living conditions, study variables included the type of walls,
roof, floor, number of rooms, cooking fuel, source of fuel for lighting, running water, type of
toilet, hand washing facilities, household food security, personal hygiene and treatment of
drinking water. Dependent variables regarding complementary feeding practices included the

number of meals and food groups consumed by I'YC with MAM.

Assessment of food consumption pattern

The food consumption pattern of the 1'YC was assessed using a 24-hour recall (Appendix D,
p204) questions from the Uganda Demographic and Health Survey following expert input
(UBOS, 2018).

Assessment of dietary diversity

Dietary diversity was determined using a 24-hour recall. Mothers were asked to recall all foods
consumed by the 1'YC with MAM during the 24 hours preceding the interview. However, if the
previous 24 hours was not a reflection of habitual intake, a different day was selected for the
interview. For mixed dishes, individual food items were separated and allocated to the relevant
food groups. All food items consumed by the I'YC were categorised into seven food groups
(Appendix D, p204), based on the Household Dietary Diversity Score (HDDS) for Measureme