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Abstract
Background  Nutritional approaches based on local food resources offer a potential intervention to address nodding 
syndrome (NS), a chronic neurological condition associated with undernutrition and micronutrient deficiency, with 
a 4.5% prevalence among children and adolescents in northern Uganda. Most interventions have been medical in 
nature, but diet influences the onset of such neurological diseases and their associated consequences. This study 
evaluated the organoleptic drivers of caregiver-reported acceptability of locally formulated nutrient-dense products 
formulated from local ingredients for nutritional intervention in nodding syndrome in northern Uganda as a potential 
nutritional intervention.

Methods  The products were developed from two main energy sources: maize and sorghum, and included orange-
fleshed sweet potato (OFSP), silver fish, soybean, iron-rich beans, and chia seeds. A total of 47 untrained panelists, who 
were caregivers of NS cases, evaluated different organoleptic properties of porridges from the two energy sources 
using a 5-point Hedonic scale to determine the level of preference for different formulations.

Results  Overall acceptability increased with an increase in the proportion of cereals in the composite formulae. The 
formulation with 70% cereal scored highest, with products from the sorghum-based formula being preferred to those 
from the maize-based formula. Several food attributes and socio-demographic characteristics significantly influenced 
the acceptability of the products (p < 0.05).
For the maize-based formula, taste, thickness, and education level had a positive influence, whereas texture, age, 
and the number of children under two years had a negative influence on overall acceptability. For the sorghum-
based formula, taste, texture, and age all had a positive influence on overall acceptability.
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Introduction
Nodding syndrome (NS) is a poorly understood neuro-
logical disorder that affects children and adolescents 
aged 3–18 years [1, 2]. It is primarily prevalent in Sub-
Saharan Africa (SSA) [3]. The prevalence rate in north-
ern Uganda is 4.5% [4], particularly in districts affected 
by the Lord’s Resistance Army (LRA) rebellion [5, 6]. The 
disease is characterised by atonic head-nodding seizures 
and is also associated with malnutrition and micronu-
trient deficiencies, such as vitamins B6 and D, as well as 
selenium [2, 7]. Malnutrition and chronic conditions like 
HIV/AIDS and NS have consistently been found to be 
associated with one another [8]. A previous study in Kit-
gum district, the NS hotspot in northern Uganda, found 
that vitamin B6 levels were lower among cases compared 
to controls [9]. Additionally, households where cases are 
common were found to consume less nutritious staple 
foods [10]. In situations where households were dis-
placed to refugee camps, there was periodic food insecu-
rity, leading affected households to resort to eating wild 
foods, as reported for the Wapagoro people of Tanzania 
and the Moru communities of South Sudan [11]. In other 
communities, such as the Dinka people in South Sudan 
who had access to milk, NS was less prevalent [11]. These 
findings support the link between NS and poor diet.

Northern Uganda, particularly the Acholi people, 
where this study was based, suffered from the Lord’s 
Resistance Army (LRA) civil war, which lasted for over 
20 years [12]. This conflict displaced nearly 1.8  million 
Acholi inhabitants to internally displaced people (IDP) 
camps, where emergency relief food was provided. Dur-
ing the war, seasonality in food production was a known 
determinant of food security and the nutritional status 
of most households [13]. The low quality of food inter-
ventions and seasonal food production led to high levels 
of food insecurity and poor dietary quality, a situation 
linked to the emergence of NS. To date, the Acholi sub-
region and northern Uganda as a whole remain the most 
food-insecure parts of Uganda, and the only region with 
NS. The main interventions for NS cases in Sub-Saharan 
Africa have been medical, primarily through commu-
nity-directed treatment with ivermectin (CDTI) [14, 15]. 
However, it is important to recognise the need to invest 
in nutrition alongside medical treatment, as proper 
response to medication is possible only if nutrition is 
adequate [16]. Despite this, common nutrition interven-
tions have consisted of blanket distribution of supple-
mentary foods such as beans and maize flour, which are 

not nutrient-dense. In the rare instances when nutrient-
dense foods, local food supplements, and multivitamins 
were provided, the NS cases showed significant improve-
ment in nutritional status and reported less frequent 
nodding episodes [17]. This demonstrates the potential of 
nutritional intervention to improve the quality of life for 
NS cases. The nutritional intervention consisted of mul-
tivitamins (one tablet twice daily), folic acid (5 mg once 
daily), and high-energy food for nutritional rehabilitation 
[18]. The supply of multivitamins and nutritional supple-
ments was not only expensive but also reached only those 
cases in rehabilitation centres, excluding the majority in 
the communities. This highlighted the need to develop 
locally produced nutrient-dense food composite formu-
lae to benefit the many NS cases in the community.

Composite formulae made from local materials have 
been found effective in the African context [19], as well 
as in countries such as Indonesia [20] and Bangladesh 
[21]. The use of local food materials to develop food 
composite formulae has been shown to address issues 
of food insecurity, sustainability, and sovereignty [22]. 
Additionally, these products are more readily accepted 
by target groups, as they are made from familiar foods. 
Since northern Uganda is endowed with a variety of food 
items rich in different nutrients [23], nutrient-dense food 
composite formulae were developed from local foods to 
contribute to the nutritional needs of NS patients living 
in the region. However, it is generally known that food 
formulation results in products with variable proper-
ties compared to the individual ingredients [24]. The 
affected properties include sensory attributes such as 
colour, taste, texture, and aroma [25]. These properties 
essentially determine whether new formulations will be 
accepted or rejected by targeted consumers [26]. Further-
more, the introduction of a novel composite formulae to 
the community may evoke some initial aversion, which 
can be reduced when sensory analysis is conducted prior 
to introducing such foods. Despite its potential, there 
is limited evidence on the use of local food materials 
to address the nutritional needs of NS cases in Uganda 
and their acceptability. Therefore, while targeting staples 
and other locally known nutrient-dense foods for food 
formulation may hold promise for improving nutrition 
outcomes, it remains crucial to assess their acceptability 
and preference among the target beneficiaries [27]. The 
objective of this study was to determine the organolep-
tic properties and household characteristics that influ-
ence the acceptability of nutrient-dense food products 

Conclusions  The results demonstrate that composite formulae with 70% cereals are highly acceptable and can 
be scaled up for consumption by NS having used the caregivers’ acceptability as a proxy for NS patients. The study 
provides recommendations for the effective delivery of selected formulae in the study context.

Keywords  Organoleptic driver, Nodding syndrome, Composite formulae, Northern Uganda



Page 3 of 12Aloka et al. BMC Nutrition           (2026) 12:88 

formulated from local ingredients for nutritional inter-
vention in NS in northern Uganda. The sensory evalua-
tion would inform necessary adjustments in formulation, 
selection, and recommendation of accepted formulations 
for efficacy trials and scaling up for widespread utilisa-
tion to achieve the desired nutritional outcomes.

Materials and methods
Study setting and participants
This study was conducted in Kitgum District in northern 
Uganda, located between longitude 32°E and 34°E, lati-
tude 2°N and 4°N, about 440 km from Kampala, the capi-
tal of the country. This is one of the districts with a high 
prevalence rate of NS and which suffered greatly from 
over 20 years of LRA war [28]. Participants were mainly 
drawn from Labongo Akwang sub-county, which has 
a very high number of NS cases in the district, namely 
1,305 cases per 100,000 [28].

Selected participants were untrained and had no prior 
knowledge of the preparation and composition of the 
composite formulae [29]. A total of 47 adults (18 years 
and above), primarily caregivers of NS patients, were 
purposively selected to evaluate the composite formu-
lae. This selection was based on the understanding that 
these adults possess insights into the sensory prefer-
ences of individuals affected by NS, given their consistent 

involvement in meal preparation. Additionally, since 
individuals with NS are a vulnerable population with 
cognitive and motor impairments, direct sensory evalu-
ation was not ethically or practically feasible. Therefore, 
caregivers who are responsible for meal preparation and 
feeding, were engaged as proxy sensory panelists. Their 
hedonic ratings reflect observed patient responses and 
caregiver judgments of acceptability, which provide an 
indirect but valuable measure of the composite formu-
lae acceptability. Only one participant was selected per 
household. Therefore, perspectives were gathered from 
47 households caring for NS patients in Kitgum district. 
Previous research indicated that a sample size of 40–100 
is adequate for conducting such consumer sensory evalu-
ations [30]. An eligible participant was an adult caring for 
someone with NS disease in the household and willing 
to take part in the study. In addition, participants were 
those not suffering from flu, not allergic to any of the 
ingredients used in preparation, and not smokers, as this 
would affect their rating of taste perceptions.

Socio-demographic characteristics of participants
Socio-demographic characteristics of the caregivers who 
participated in the sensory evaluation were documented 
to provide context for interpreting acceptability out-
comes. These characteristics are shown in Table 1. Nearly 
all participants were female (98%), with an average age of 
48 years. The majority (75%) had attained primary educa-
tion and were predominantly engaged in farming (98%). 
Approximately half were married (51%), and most iden-
tified as Catholic (54%). Their median monthly house-
hold income was low, at Ugandan Shillings (Ugx) 40,000 
(approximately US$10.8), despite supporting an average 
household size of nine members. Some sampled house-
holds had more than one person with nodding syndrome.

Level of inclusion of ingredients in the formulation
The locally available ingredients used to formulate the 
nutrient-dense composite formulae were selected pri-
marily for their strong nutritional properties: orange-
fleshed sweetpotato (Ipomoea batatas, OFSP), which 
contains β-carotene ranging from 277 µg/g to 82,300 µg/g 
depending on variety and growth conditions [31, 32], 
supplies not only β-carotene, a precursor of vitamin 
A, but also other nutrients such as vitamins, minerals, 
fibre, and antioxidants [33, 34]. Additional ingredients 
included soybean (MAKSOY 3 N, Glycine max), known 
to have protein content ranging from 20 to 30% and 
lipid content from 5 to 22% [35]; and silver fish (Rastri-
neobola argentea), which contains protein in the range 
of 58–62% [36]. In addition, iron-rich beans (Phaseolus 
vulgaris), with iron content ranging from 80 to 100 mg/
kg, was included [37]. Cereals, mainly white maize (Zea 
mays) and red sorghum (Sorghum bicolour) of local 

Table 1  Socio-demographic characteristics of caregivers 
who participated in the sensory evaluation of nutrient-dense 
composite formulae porridges in Northern Uganda (n = 47)
Variable Response options Percent-

age/
mean or 
median

Sex Male 2.1
Female 97.9

Education level No formal education 1.2
Primary 74.5
Post primary 24.3

Occupation Peasant farmer 97.9
Business 2.1

Marital status
Married 51.1
Widowed 29.8
Others 19.1

Religious affiliation Catholic 54.4
Protestant 39.1
Pentecostal 6.5

Age (mean ± sd) 47.5 ± 11.1
Level of income (me-
dian: min, max)

40,000: 0, 
300,000

Household size (me-
dian: min, max)

9: 5, 17

Number of household 
members with NS 
(median: min, max)

1: 1, 5
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varieties, were included to supply energy, with maize 
providing 358–406  kcal/100  g and sorghum providing 
329–360  kcal/100 g [38–40]. Finally, chia seeds (Salvia 
hispanica) were included as the main source of selenium, 
as they contain selenium in the range of 8.5–78 µg/100 g 
[41, 42]. For vulnerable groups, especially those requiring 
nutritional support for managing undernutrition in NS, 
these components were specifically chosen to address 
macronutrient and micronutrient deficiencies. To pro-
vide a balanced supply of energy, protein with a variety 
of amino acids, essential fatty acids, and key micronu-
trients including iron, selenium, and provitamin A, the 
ingredients were sourced from both plant and animal ori-
gins. As shown in our earlier publication [43], the level of 
inclusion of the food ingredients resulted in formulations 
which satisfied the set nutrient conditions, as shown in 
Table 2.

Processing of the ingredients included in the formulations
A range of food-grade processing methods were used 
to prepare the composite formulae, based on traditional 
methods employed by households in the study area. In 
brief, both sorghum and maize were cleaned by winnow-
ing. Sorghum was then malted for 48  h, sun-dried for 
48  h, and oven-roasted [44, 45]. Maize was polished or 
dehulled once [46]. Legumes and oilseeds, including soy-
bean and chia, were cleaned and oven-roasted [47]. Iron-
rich beans were cleaned and stored under dry conditions. 
OFSP was peeled, washed, grated, and sun-dried for 48 h 
[48]. Silverfish was cleaned and oven-roasted [49]. After 
processing, all ingredients were blended in varying pro-
portions and milled to a uniform particle size of 0.25 mm. 
This particle size ensured smooth texture, consistent 
gelatinisation, and improved palatability of the porridge, 
which was critical for caregiver‑reported acceptability as 
a proxy for patient acceptance [50, 51]. A fine particle size 
ensures better mouthfeel, reduces lump formation during 
cooking, and allows for consistent blending of nutrient-
dense ingredients [52].

Preparation of porridges and sensory evaluation 
procedure
The composite formulae were used to prepare porridge 
gruel to the recommended spoonable consistency by 
mixing the composite flours with water at ratios of 40% 
and 20% w/v for flours with malted cereals and those 
without malted cereals, respectively. The mixture was 
boiled for 15  min at 95  °C, as previously described by 
Alowo et al.. and Nurmomade et al. [53, 54]. This fol-
lowed the traditional cooking method in the study area. 
After preparation, porridge from each sample was served 
in plastic disposable cups. All samples were presented 
together to each panelist. To minimise order effects, the 
samples were randomly coded and presented simultane-
ously. Panelists evaluated all porridge samples in a single 
session. Each sample was rated once per panelist using a 
5-point hedonic scale (1 = dislike very much to 5 = like 
very much), and there was no replicate evaluation con-
ducted. One bottle of mineral water was provided for 
rinsing the mouth between tasting the samples [55]. 

The organoleptic characteristics assessed were appear-
ance, aroma, colour, texture, mouthfeel, aftertaste, and 
overall acceptability. The 5-point hedonic scale used 
in sensory evaluation is particularly important when 
sensory panelists are community members who are 
untrained and may have difficulty distinguishing differ-
ences on higher scales such as the 7-point and 9-point 
scales [56]. After the sensory evaluation, participants 
completed a short questionnaire assessing their socio-
demographic and household characteristics likely to 
affect the acceptability of such products.

Statistical analysis
Stata software version 14 was used for data analysis to 
compute descriptive statistics (mean, frequencies, per-
centages, median, and standard deviation). Prior to this, 
data for continuous variables were checked for normal-
ity to determine whether to present the mean and stan-
dard deviation or the median in cases of non-normality. 
One-way Analysis of Variance (ANOVA) was used to 
assess significant differences in sensory scores among 

Table 2  Level of inclusion of ingredients in the formulation
Ingredients used Formulations developed and evaluated

Maize-based formulae Sorghum-based formulae

205 715 522 270 200 510 420 277
Maize or sorghum (%) 100 60 65 70 100 60 65 70
Silver fish (%) 0 2 3 2 0 2 3 2
Soybean (%) 0 20 15 15 0 20 15 15
OFSP (%) 0 10 5 5 0 10 5 5
Iron rich beans (%) 0 3 5 3 0 3 5 3
Chia seeds (%) 0 5 7 5 0 5 7 5
Total (%) 100 100 100 100 100 100 100 100
The proportional contribution of each ingredient was expressed as a percentage (%) of the total composite formula by weight.
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the different composite formulae evaluated. For mul-
tiple comparisons, Tukey’s honest significant difference 
(HSD) post hoc test was performed. Additionally, mul-
tiple linear regression was used to explore associations 
between sensory attributes and other sociodemographic 
characteristics with overall acceptability of compos-
ite formulae 270 and 277. Prior to analysis, key regres-
sion assumptions such as normality, multicollinearity, 
and homoscedasticity were assessed, given a sample size 
of 47. An independent t-test was used to determine the 
significant difference in hedonic scores between maize- 
and sorghum-based formulae, following Levene’s test for 
equality of variance. All tests were conducted at a 5% sig-
nificance level with a 95% confidence interval.

Ethical consideration
Ethical approval was obtained from the Gulu Univer-
sity Research Ethics Committee (registration number 
GUREC-2022-258) and the Uganda National Council for 
Science and Technology (A234ES). During the sensory 
evaluation, only participants who gave informed con-
sent were included in the study. Local leaders and health 
officials in the study area were informed that the exer-
cise was not a treatment but an evaluation of a potential 
intervention for the NS condition. 

Results
Overall acceptability scores of composite formulae based 
on different attributes
Sensory scores of the composite formulae generally 
increased as the proportion of cereal grains increased, 

rising from 3.2 to 3.8 out of five on the hedonic scale in 
the maize-based formulae, and from 3.4 to 4.3 out of five 
in the sorghum-based formulae. Across the different for-
mulae, there were significant differences in some pair-
wise comparisons (p < 0.05), while some combinations 
did not show any significant difference (p > 0.05).

For maize-based formulae (Table 3), the control sample 
205 (100% maize) had a significantly higher ranking for 
colour, taste, aftertaste, thickness, and texture compared 
to all other composite formulae (p < 0.05). However, the 
overall acceptability of the control, composite formula 
522 (65% maize), and composite formula 270 (70% maize) 
were not significantly different (p > 0.05). Furthermore, 
the overall acceptability of composite formula 715 (60% 
maize) was significantly lower than both the control and 
composite formula 270 (p < 0.05). Comparison between 
the formulations revealed that composite formula 270 
had a significantly better rating for taste, smell, and after-
taste compared to composite formula 715 (p < 0.05). In 
contrast, texture and thickness were not significantly dif-
ferent among the three maize-based formulae (p > 0.05). 
With the exception of colour, there was no significant dif-
ference between composite formulae 522 and 270 for any 
other attribute, including overall acceptability (p > 0.05).

There were significant differences (p < 0.05) among 
the formulae regarding the attributes of sorghum-based 
formulae (Table  4). Unlike the maize-based formulae, 
composite formula 200 generally scored lower than com-
posite formulae for most attributes except colour. This 
formula did not show any significant difference compared 
with 420 (65% sorghum) and 277 (70% sorghum) for the 

Table 3  Caregivers’ hedonic scores of sensory attributes of maize-based nutrient-dense composite formulae for nodding disease 
cases in northern Uganda
Sample
code

Colour Taste After taste Smell Thickness Texture Overall acceptability

205 4.4c ± 0.9 4.4c ± 0.9 4.1c ±1.1 4.3c ± 1.0 4.2b ±0.9 4.4b ± 0.8 4.1b ±1.3
715 2.8ab±1.2 2.5a ± 1.3 2.3a ±1.3 2.1a ± 1.2 2.8a ±1.2 3.0a ± 1.3 3.2a ±1.3
522 2.6a ± 0.9 3.1b ± 1.3 2.6ab±1.2 2.7ab±1.1 3.0a ±1.1 3.3a ± 1.1 3.6ab ±1.2
270 3.2b ± 1.0 3.3b ± 1.4 3.1b ±1.3 3.0b ± 1.3 3.0a ±1.3 3.3a ± 1.4 3.8b ±1.2
Values are means± standard deviation of rating of sensory attributes; different letters in the same column indicate significant differences in rating of the attributes 
of different formulations (P  ≤ 0.05, Tukey’s HSD test)

205:100% Maize; 715: 60:2:20:10:3:5 in the order of maize: silver fish: soybean: OFSP: beans: chia seeds respectively; 522: 65:3:15:5:5:7 in the order of maize: silver fish: 
soybean: OFSP: beans: chia seeds respectively; 270: 70:2:15:5:3:5 in the order of maize: silver fish: soybean: OFSP: beans: chia seeds respectively

Table 4  Care givers’ hedonic rating of sensory attributes of sorghum-based nutrient-dense composite formulae for nodding disease 
cases in northern Uganda
Sample code Colour Taste After taste Smell Thickness Texture Overall acceptability
200 3.6b ±1.1 3.2b ±1.2 2.6a ±1.2 3.1b ±1.5 3.4b ±1.4 3.2ab±1.3 3.7ab ±1.2
510 2.7a ±1.4 2.6a ±1.3 2.5a ±1.2 2.5a ±1.2 2.3a ±1.3 2.8a ±1.3 3.4a ±1.4
420 3.2ab±1.2 3.7bc±1.9 3.4b ±1.2 3.3bc±1.3 3.5b ±1.2 3.2ab±1.3 4.1bc ±0.8
277 3.3b ±1.2 4.0c ±1.2 3.4b ±1.2 3.7c ±1.2 3.9b ±1.1 3.4b ±1.2 4.3c ±0.9
Values are means± standard deviation of rating of sensory attributes; different letters indicate significant differences in rating of the attributes of different 
formulations (P ≤ 0.05, Tukey’s HSD test)

200:100% Sorghum; 510: 60:2:20:10:3:5 in the order of sorghum: silver fish: soybean: OFSP: beans: chia seeds respectively; 420: 65:3:15:5:5:7 in the order of sorghum: 
silver fish: soybean: OFSP: beans: chia seeds respectively; 277: 70:2:15:5:3:5 in the order of sorghum: silver fish: soybean: OFSP: beans: chia seeds respectively
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colour attribute (p > 0.05). Furthermore, composite for-
mulae 200 (100% sorghum) and 510 (60% sorghum) were 
not significantly different in many organoleptic charac-
teristics, like aftertaste, texture, and overall acceptability 
(p > 0.05). In addition, composite formulae 420 and 277 
showed no significant differences across all organolep-
tic characteristics (p > 0.05). Based on these acceptability 
scores, both 277 and 420 appear promising for scaling up, 
using the caregivers’ rating as a proxy for overall accept-
ability by NS patients.

Comparison of organoleptic characteristics of maize and 
sorghum composite formulae
Significant differences (p < 0.05) were observed in all 
attributes of the two product lines (taste, smell, colour, 
aftertaste, texture, and thickness) except for overall 
acceptability (p > 0.05) (Table 5). At the 60% ratio, no sig-
nificant difference was found between the maize- and 
sorghum-based formulae. However, at 65% and 70% 
cereal content in the composite formulae, the sorghum-
based formulae generally scored higher than the maize-
based formula for colour, texture, taste, smell, aftertaste, 
thickness, and overall acceptability. When the 65% com-
posite formulae were compared, significant differences 
were found for colour, aftertaste, smell, and thickness 
(p < 0.05). For the 70% formula, significant differences 
were observed for taste, smell, and thickness (p < 0.05).

Determinants of overall acceptability for the most liked 
composite formula for the nutrient-dense composite 
formulae
The determinants, as shown in Table  6, were analysed 
for two composite formulae (270 and 277) because these 
were the most preferred by the caregivers, who were used 
as a proxy for the acceptability by NS. Both formulae, 
270 and 277, contained 70% maize and sorghum, respec-
tively. The overall acceptability of composite formula 270 
increased with higher taste ratings (β = 0.608, p = 0.017). 
However, for this formula, texture showed a negative rela-
tionship, where an increase in the texture score decreased 
overall acceptability (β = -0.584, p = 0.015). Furthermore, 
for this formula, overall acceptability also increased with 
higher ratings of thickness (β = 0.510, p = 0.025). Regard-
ing sociodemographic characteristics, the overall accept-
ability of formula 270 increased for caregivers who had 
attained primary education (β = 0.945, p = 0.046), while 
age showed a negative relationship (β = -0.066, p = 0.005). 
Finally, for this composite formula, the number of chil-
dren under two years in the caregiver’s household 
showed a negative relationship with overall acceptabil-
ity (β = -0.902, p = 0.003). For composite formula 277, 
overall acceptability was positively influenced by higher 
taste ratings (β = 0.621, p < 0.001), higher texture ratings 
(β = 0.192, p = 0.043), and increasing age of the caregivers 
(β = 0.020, p = 0.011).

Discussion
This study evaluated the organoleptic properties influ-
encing the acceptability of nutritional formulae from 
local ingredients for nutritional intervention in NS in 
northern Uganda. The study found that formulations 
from local foods have good levels of acceptability com-
pared to the control based on common staple cereals. 
Although the control received significantly better ratings 
in some sensory attributes, the non-significant difference 

Table 5  Comparison of care givers’ ratings for sensory attributes 
between maize-based and sorghum-based nutrient-dense 
composite formulae for NS cases in northern Uganda
Formulations Organo-

leptic 
property

t (p-value) Mean scores and mean 
difference (MD)
Maize Sorghum MD

Control 
(100%) maize/
sorghum

Colour 3.2 (0.002) 4.3*±1.2 3.5 ± 1.2 0.8
Taste 4.2 (< 0.001) 4.3*±1.2 3.2 ± 1.3 1.1
After taste 5.3 (< 0.001) 4.0*±1.3 2.6 ± 1.3 1.5
Smell 3.9 (< 0.001) 4.2*±1.2 3.0 ± 1.6 1.2
Thickness 2.8 (0.006) 4.1*±1.1 3.3 ± 1.4 0.8
Texture 4.2 (< 0.001) 4.3*±1.1 3.1 ± 1.4 1.1
Overall 
accept-
ability

1.4 (0.178) 4.0 ± 1.5 3.6 ± 1.3 0.4

60% maize/
sorghum

Colour 0.2 (0.848) 2.7 ± 1.2 2.7 ± 1.4 0.1
Taste -0.4 (0.712) 2.5 ± 1.3 2.6 ± 1.3 -0.1
After taste -0.8 (0.440) 2.3 ± 1.3 2.5 ± 1.2 -0.2
Smell -1.4 (0.155) 2.1 ± 1.2 2.5 ± 1.3 -0.4
Thickness 1.6 (0.128) 2.7 ± 1.2 2.3 ± 1.3 0.4
Texture 0.5 (0.633) 2.9 ± 1.3 2.8 ± 1.3 0.1
Overall 
accept-
ability

-0.6 (0.539) 3.1 ± 1.4 3.3 ± 1.4 -0.2

65% maize/
sorghum

Colour -2.4 (0.018) 2.6*±1.1 3.2 ± 1.3 -0.2
Taste -1.9 (0.056) 3.1 ± 1.3 3.6 ± 1.3 -0.6
After taste -0.6 (0.005) 2.5*±1.3 2.8 ± 1.0 -0.3
Smell -2.9 (0.020) 2.5*±1.3 3.3 ± 1.3 -0.8
Thickness -2.4 (0.049) 2.6*±1.2 3.3 ± 1.4 -0.7
Texture -0.1 (0.893) 3.2 ± 1.2 3.2 ± 1.3 -0.0
Overall 
accept-
ability

-1.6 (0.122) 3.6 ± 1.3 4.0 ± 1.0 -0.4

70% maize/
sorghum

Colour -0.2 (0.835) 3.2 ± 1.1 3.2 ± 1.3 -0.1
Taste -2.0 (0.047) 3.2*±1.5 3.8 ± 1.3 -0.6
After taste -1.2 (0.253) 3.0 ± 1.4 3.4 ± 1.3 -0.3
Smell -2.3 (0.025) 2.9*±1.4 3.6 ± 1.3 -0.7
Thickness -2.9 (0.005) 3.0*±1.4 3.8 ± 1.3 -0.8
Texture -0.5 (0.638) 3.2 ± 1.5 3.3 ± 1.3 -0.1
Overall 
accept-
ability

-1.7 (0.102) 3.7 ± 1.4 4.2 ± 1.1 -0.5

* Indicates significant difference at p < 0.05
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in overall acceptability indicates the promising role these 
composite formulae can play in addressing under-nutri-
tion among individuals affected by NS. Previously, food 
composite formulae have been rated lower in preference 
scores than the unimproved versions for cassava-chia 
composite formulae porridge in Tanzania [57]. This may 
be due to familiarity with unimproved, commonly con-
sumed foods.

Acceptability scores of composite formulae based on 
different attributes
The proportion of individual ingredients can influence 
the organoleptic properties of food composite formulae 
in various ways [58, 59]. In this study, the composite for-
mula containing 60% maize (715) scored lower in all attri-
butes compared to the composite formula with 65% (522) 
or 70% maize (270). Consequently, the overall acceptabil-
ity of 522 and 270 is higher than that of 715. Specifically, 
sensory attribute such as texture have previously been 
found to be influenced by the proportion of staples such 
as maize [59]. Due to the inclusion of other ingredients, 
attributes such as taste, colour, texture, and smell are 
also affected. In typical NS-affected households in north-
ern Uganda, maize is consumed either as porridge or as 
a bread meal. The absence of a significant difference in 
overall acceptability between the control meal composite 
formulae made of 100% maize and those with 65% and 
70% maize implies that the improved composite formulae 

are equally acceptable relative to the control. Therefore, 
they can be used as alternatives, providing additional 
nutritional benefits using locally available foods.

For sorghum-based formulae, observation shows no 
significant difference in colour between the control (200) 
and formulations containing 65% (420) and 70% (277) 
sorghum. This may be due to the similar proportions of 
sorghum in the composite formulae compared with the 
control, resulting in a colour close to that of the control. 
The stability of the colour rating with increased sorghum 
content suggests that, visually, the product is acceptable 
to caregivers and therefore to the target users. This is 
important because individuals with NS often experience 
feeding difficulties, reduced appetite, and sensitivity to 
sensory changes [60]. This result is consistent with find-
ings from Nigeria [61] and Kenya [56], where the control 
for sorghum composite formulae were comparable with 
the improved product lines in terms of colour. Further-
more, the lack of significant difference when the control 
was compared with the composite formula containing 
60% sorghum could be due to the high proportion of 
orange-fleshed sweet potatoes (OFSP) in the compos-
ite formula containing 60% sorghum. OFSP is known 
to strongly influence most organoleptic characteristics, 
especially colour, flavour, and appearance [62]. In addi-
tion, the control formula lacked other ingredients such 
as soybean and chia, which are known to improve the 
organoleptic quality of composite formulae, including 

Table 6  Factors influencing overall acceptability of most liked nutrient-dense composite formulae porridge by caregivers of nodding 
syndrome cases in northern Uganda
Composite formula 270 Composite formula 277
Attribute/variable Coefficient t P > t Coefficient t P > t
Colour -0.329 -1.47 0.160 - - -
Taste 0.608* 2.62 0.017 0.621* 5.66 < 0.001
Thickness 0.51* 2.44 0.025 - - -
Texture -0.584* -2.68 0.015 0.192* 2.11 0.043
Age -0.066* -3.18 0.005 0.02* 2.73 0.011
Education
Primary 0.945* 2.14 0.046 - - -
Religion
Protestant -0.693 -1.79 0.090 -0.38 -1.88 0.07
Pentecostal -1.202 -1.79 0.090 -0.78 -1.6 0.121
Number of children < 2 -0.902* -3.44 0.003 - - -
Marital status
Widowed 0.816 1.65 0.116 - - -
Divorced -0.781 -1.41 0.176 - - -
Household size
6 to 10 - - - -0.823 -1.99 0.056
Above 10 - - - -0.978 -1.88 0.07
Constant 8.591* 4.88 < 0.001 1.121* 2.58 0.015
* Indicates significance at p < 0.05, composite formula 270 = maize-based formulation, composite formula 277 = sorghum-based formulation; dashes indicate 
variables dropped due to estimability. overall acceptability of composite formula 270 (with 70% maize; 15% soybean, 5% OFSP, 5% chia seeds, 3% iron rich beans 
and 2% silver fish) and composite formula 277 (with 70% sorghum, 15% soybean, 5% OFSP, 5% chia seeds, 3% iron rich beans and 2% silver fish); * =significant at 5%; 
dashes for composite formulae 270 and 277 mean those variables were dropped because of estimability
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appearance, texture, flavour, smell, and overall accept-
ability [63–65]. Another observation, where composite 
formulae with 65% and 70% sorghum showed no sig-
nificant difference in all attributes, could be due to equal 
proportions of soybean and OFSP in both formulation, 
that are known to influence many organoleptic appeal 
including colour [66]. Scoring highly with no significant 
difference means any of these two composite formulae 
(420 and 277) can be scaled up for intervention. This con-
curs with a study by Adejumo et al. [61], which affirms 
the favorable overall acceptability of improved sorghum 
composite formulae.

The results suggest that caregivers of NS found the 
composite formulae porridge acceptable, with statistically 
significant differences across formulations. However, dif-
ferences of less than one point (e.g., 0.3 to 0.5 points) on a 
5-point hedonic scale may not translate into meaningful 
changes in adoption. While statistically significant, such 
small changes should be interpreted cautiously when 
considering programmatic relevance. Finally, these find-
ings should be viewed as indicative rather than definitive.

Comparison of organoleptic characteristics of maize and 
sorghum composite formulae
The observation that overall acceptability increased with 
an increase in the proportion of cereals (sorghum and 
maize) in the formulation implies that uptake by caregiv-
ers and NS persons, as well as adherence, will be higher 
when the proportion of cereal is maintained at higher 
levels, provided the nutrient density, safety, and func-
tional properties of the composite formulae are pre-
served. This is likely because the formulations resembled 
the familiar cereals that caregivers were accustomed to. 
This finding is comparable to a study by Sanya et al. [67], 
where consumer acceptability of extruded maize-sor-
ghum composite formulae fortified with grain amaranth, 
baobab, and orange-fleshed sweet potatoes in the ratio 
of 20:45:5:15:15 for maize: sorghum: amaranth: OFSP: 
baobab, respectively, increased with a higher proportion 
of cereal grains. The observation that sorghum-based 
formulae scored higher than maize-based formulae for 
composite formulae with 65% and 70% cereals could be 
attributed to the roasting process of malted sorghum, 
which may have enhanced its organoleptic characteris-
tics such as colour, taste, and aroma through the Mail-
lard reaction, thereby altering these properties to better 
suit consumer preferences. This is supported by previous 
studies in India by Ranganathan et al. [68]. and in Nigeria 
by Msheliza et al. [69], where composite formulae from 
roasted sorghum scored higher than their non-roasted 
counterparts.

Factors that affected overall acceptability of composite 
formulae
The overall acceptability of the composite formulae 
developed was influenced by specific organoleptic and 
socio-demographic characteristics, depending on the 
main ingredients used (Table  6). For maize-based for-
mula 270, the positive association between taste and 
overall acceptability may be because positive taste expe-
riences trigger reward pathways in the brain, reinforcing 
consumption behaviour in favour of overall acceptability 
[70]. This suggests that uptake by caregivers and contin-
ued adherence by NS cases will depend on optimising 
taste within a familiar range. In practice, as this product 
targets NS cases, taste should be considered a constraint 
in decision-making, and the sensory attribute of maize 
should be preserved. This should be achieved while con-
sidering nutrient-dense aspects and processing tech-
niques that improve acceptability without masking the 
product’s taste. These results also confirm the postulation 
that food taste is an inherent quality attribute and can 
significantly influence food acceptability, selection, and 
consumption [71]. This finding is comparable with find-
ings by Kikafunda et al. [72]. on maize-beans composite 
formula as well as by Tortoe et al. [73]. on yam-cowpea-
soybean porridge. Conversely, the negative relationship 
between texture and overall acceptability could be due to 
the high proportion of maize in the formulation, where 
some coarse and irregular particles may have escaped 
the sieve. This finding has implications for both product 
formulation and scaling up. It underscores the need to 
optimise texture as a critical determinant of adherence, 
even when nutrient density and taste have been priori-
tised. Additionally, soybean and iron-rich bean flours are 
known to have coarse textures [74], which could further 
contribute to the undesirable texture of the composite 
formulae. In a similar study by Kikafunda et al. [72], the 
texture of a maize-bean porridge blend was found to be 
the least liked organoleptic attribute, while Gitau et al. 
[75], also noted that texture was the least liked attribute 
of porridge blends made from cereals, pseudocereals, 
tubers, and roots. This implies that nutritional improve-
ment alone may not be sufficient if textural quality is 
neglected. Therefore, addressing challenges with texture 
is essential not only for consumer acceptance but also for 
ensuring sustained use of nutrient-enriched composite 
formulae in vulnerable populations, such as NS cases in 
northern Uganda.

Overall acceptability increased with higher ratings of 
porridge thickness. Thickness of porridge can be influ-
enced by several factors such as flour-to-water ratio, 
where higher flour content per batch yields greater vis-
cosity hence thickness [76], and it was the same situa-
tion in this study. This suggests that optimising viscosity 
or thickness is a crucial parameter which should always 
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be considered when formulating maize-based porridge, 
especially for children with NS in northern Uganda. Dur-
ing preparation, caregivers should aim for thicker con-
sistencies, as this positively influences sensory appeal 
and thus compliance. Although thinner porridges are 
easier to prepare, such consistencies risk rejection and/
or reduced intake. Before scaling up, caregivers and 
health workers should be trained to consistently achieve 
the preferred thickness, ensuring uniformity in accept-
ability and, consequently, success. The high proportion 
of unmalted maize in the formulation can contribute 
to a high starch content in the porridge. Starch content 
affects the extent of retrogradation, which influences 
thickness as the porridge cools [77]. This is consistent 
with a previous study in Kenya on consumer prefer-
ence for porridge blends from cereals, pseudocereals, 
tubers, and roots [75], where porridge thickness posi-
tively influenced overall acceptability. Considering demo-
graphic factors, the level of acceptability of this formula 
was higher among caregivers who had attained primary 
education compared to those without formal education, 
possibly because educated individuals are more likely 
to understand the health benefits of composite formula 
[78]. In addition, a higher level of education correlates 
with openness to novel foods, such as blended or forti-
fied porridges [79]. This observation highlights the criti-
cal role of caregivers’ basic education level in the uptake 
of nutrition interventions. Therefore, implementers of 
the intervention should design simplified, pictorial, and 
easy-to-use training materials to bridge this comprehen-
sion gap for caregivers without formal education. Fur-
thermore, community awareness campaigns should make 
use of oral communication, role plays, and peer-led dem-
onstrations so that caregivers with lower education lev-
els can still prepare and appreciate the porridge formula. 
This is consistent with a previous study by Aboge et al. 
[80], which found that the overall acceptability of por-
ridge made from maize, wheat, and soybean increased 
with higher levels of education. The education level of 
a caregiver has a significant impact on the nutrition of 
the child [81], as it determines the caregiver’s ability to 
select and provide foods which are safe and nutritious, 
leading to better health outcomes. The negative influ-
ence of caregivers’ age on the overall acceptability of for-
mulations could be attributed to health conditions and 
changing sensory preferences associated with ageing. For 
instance, older married women who are caregivers are 
more likely to be attentive to dietary choices that do not 
affect their own health or that of their family [80]. This 
highlights the age-related aspect of intervention uptake 
in NS, particularly from a nutritional perspective. There-
fore, nutrition education should be age-sensitive, using 
culturally resonant messages and demonstrations that 
address skepticism among older caregivers. Food-based 

interventions in NS must incorporate inclusive, par-
ticipatory approaches such as community taste panels, 
where older caregivers are actively involved, even in for-
mulation trials. This will foster ownership, which reduces 
resistance. Finally, the decrease in overall acceptability 
of formula 270 with an increase in the number of chil-
dren under two years in households could be attributed 
to fatigue from caring for NS cases, making households 
hesitant to welcome more children due to fear of future 
affliction by nodding syndrome. In addition, where por-
ridge preparation is perceived as labour-intensive, care-
givers with many children under two years are less likely 
to adopt or accept the formula. Therefore, simplifying the 
preparation steps and reducing cooking time could miti-
gate this concern among caregivers.

For the sorghum-based composite formula 277, the 
positive association between taste and overall acceptabil-
ity may be due to processing techniques such as roast-
ing, which results in the Maillard reaction, and malting, 
which leads to starch conversion to sugar; both pro-
cesses contribute to improved product quality [82, 83]. 
This finding suggests that taste preferences are culturally 
embedded, and aligning porridge flavour profiles with 
local tastes in northern Uganda will strengthen commu-
nity ownership and minimise resistance to intervention 
foods. Nutrition guidelines should clearly recognise taste 
optimisation as a measurable quality standard in food 
development, as in the NS context. In a similar study, 
Agbor et al. [84]. showed that malted sorghum-soy com-
posite formula significantly improved the products’ taste 
rating. Additionally, the texture of the formula positively 
influenced its overall acceptability. This may be due to 
improved smoothness and reduced lumpiness resulting 
from the enzymatic breakdown of starch during malting 
[85]. Therefore, intervention food composite formulae 
should deliberately standardise porridge texture, consid-
ering smoothness, viscosity, and graininess in alignment 
with local preferences. For NS cases, who may have diffi-
culties chewing and swallowing, acceptable food textures 
can facilitate consumption and reduce feeding resistance. 
Previous studies on food texture, such as Gitau et al. [75]. 
and Kikafunda et al. [72]. also found a positive influence 
on the overall acceptability of food composite formulae 
in Kenya and Uganda respectively. The overall accept-
ability of the composite formula increased with the age 
of the caregivers. One possible reason is cultural familiar-
ity with sorghum meals, as opposed to maize meals, in 
the study area. Additionally, older caregivers may be less 
sensitive to minor sensory imperfections compared to 
children or adolescents. This agrees with Haile and Shufa 
[86], who found that porridges with chickpea–kocho 
blends were more acceptable to older panelists. How-
ever, this finding contrasts with previous results from 
Kenya and South Africa, where age negatively influenced 
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sensory scores [75, 87]. The different contexts in which 
these studies were conducted, as well as socio-demo-
graphic differences among the panelists could explain 
these contrasting findings.

Strengths and limitations of the study
A key strength of this study is its ability to address the 
paucity of literature, particularly regarding the assess-
ment of organoleptic drivers of caregiver-reported 
acceptability of nutrient-dense composite formulae 
made from local materials, specifically targeting medi-
cally managed NS cases. It is therefore one of the few 
studies examining NS management using a food-based 
approach with formulae developed from local materials. 
One limitation is the use of caretakers’ preference scores 
as a proxy for the organoleptic acceptability by NS cases. 
In addition, the study used purposive sampling to select 
participants, a method prone to selection bias. This study 
employed only a quantitative approach to data collection, 
whereas qualitative methods such as focus group discus-
sions could have provided additional information. Fur-
thermore, evaluating all samples in a single session could 
have led to fatigue, while simultaneous presentation may 
have encouraged direct comparison rather than inde-
pendent assessment. Each sample was rated only once 
per panelist, without replication, which may limit reli-
ability. While this study offers valuable insights into the 
organoleptic characteristics influencing the acceptability 
of the developed formulae, future research should con-
sider qualitative approaches such as focus group discus-
sions and increase the sample size to validate the sensory 
scores, better understand the contextual determinants 
of these scores, and address bias. Furthermore, future 
research on this type of population group should con-
sider incorporating patient-centered sensory evaluations, 
where ethically and practically feasible, to strengthen the 
validity of acceptability findings.

Conclusion
This study highlights the potential of nutritionally 
enhanced cereal-based food products to be accepted by 
NS patients, having used their caregivers’ acceptability 
rating as a proxy of their own acceptability of the com-
posite formulae. The composite formulae made from 
both maize- and sorghum-based formulae was well 
accepted by the population, especially the caregivers of 
NS patients. Organoleptic factors such as taste, texture, 
smell, and thickness of these products vary and signifi-
cantly affect overall acceptability. Therefore, formulating 
nutrient-enhanced products should consider not only 
nutritional value but also sensory properties to improve 
acceptability. Sociodemographic factors such as educa-
tion level, age, and number of children also influenced 
acceptability, from the perspective of the caregivers who 

were used as proxies for NS patients. The study con-
cludes that composite formulae made from locally avail-
able nutrient-rich foods, with 70% sorghum or maize, are 
highly acceptable by caregivers of NS whose preference 
scores were used as a proxy for the organoleptic accept-
ability by NS cases. Therefore, the above formulae could 
undergo further analysis to inform their use among peo-
ple with NS, while taking into account sociodemographic 
factors. The study provides recommendations for pro-
moting the nutrient-dense composite formulae in this 
context on the basis of acceptability of caregivers of NS.

Abbreviations
ANOVA	� Analysis of variance
GUREC	�  Gulu University research ethics committee
HSD	�  Honest significant difference
LRA	�  Lord’s Resistance Army
MT	� Metric tonnes
NS	�  Nodding syndrome
OFSP	�  Orange fleshed sweetpotato
UBOS	�  Uganda bureau of statistics
UNCST	�  Uganda national council for science and technology

Acknowledgements
We are thankful to Dr. Elolu Samuel and Dr. Okidi Lawrence from the 
Department of Food Science and Postharvest Technology, Faculty of 
Agriculture and Environment, Gulu University, Gulu, Uganda, who dedicated 
their precious time to read the manuscript draft.

Authors' contributions
BA, DO, FOA, BO, and SO conceptualised the study as well as its overall 
implementation. BA, SO and DO drafted the manuscript. BA analysed the 
data. BA, DO, FOA, BO, and SO revised the manuscript critically especially for 
intellectual content. All authors read and approved the final manuscript.

Funding
This study did not receive any funding.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki. It 
was approved by the Gulu University Research Ethics Committee (registration 
number GUREC-2022-258) and received clearance from the Uganda National 
Council for Science and Technology (A234ES). Respondents provided 
informed consent before the survey began. Anonymity and confidentiality 
were ensured throughout the study period.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Food Science and Postharvest Technology, Faculty of 
Agriculture and Environment, Gulu University, Gulu City, Uganda
2Department of Science and Vocational Education, Faculty of Education, 
Lira University, Lira City, Uganda
3Department of Nutrition and Dietetics, Faculty of Public Health, Lira 
University, Lira City, Uganda
4Department of Internal Medicine, Faculty of Medicine, Lira University, 
Lira City, Uganda



Page 11 of 12Aloka et al. BMC Nutrition           (2026) 12:88 

Received: 6 January 2026 / Accepted: 23 March 2026

References
1.	 Mwaka A, Semakula JR, Abbo C, Idro R. Nodding syndrome: recent 

insights into etiology, pathophysiology, and treatment. Res Rep Trop Med. 
2018;9:89–93.

2.	 Spencer PS, Okot C, Palmer VS, Valdes Angues R, Mazumder R. Nodding syn-
drome: a key role for sources of nutrition? eNeurologicalSci. 2022;27:100401. 
Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​e​n​​s​c​i​​.​2​0​2​​2​.​​1​0​0​4​0​1.

3.	 Olum S, Hardy C, Obol J, Scolding N. The neurology of chronic nodding 
syndrome. Brain Commun. 2022;4(3):1–7.

4.	 Gumisiriza N, Mubiru F, Nelson J, Fodjo S, Kayitale MM, Hotterbeekx A, et al. 
Prevalence and incidence of nodding syndrome and other forms of epilepsy 
in onchocerciasis-endemic areas in northern Uganda after the implementa-
tion of onchocerciasis control measures. Infect Dis Poverty. 2020;9(1):1–11. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​4​0​2​4​9​-​0​2​0​-​0​6​2​8​-​3.

5.	 Bukuluki P, Ddumba-Nyanzi I, Kisuule JD, Ovuga E, Lien L, Kaawa-mafigiri 
D. Nodding syndrome in post conflict Northern Uganda: a human security 
perspectrive. Glob Heal Gov. 2012;6(1):1–17.

6.	 Isiko AP, Acayo KO. Anthropological narratives of nodding disease among the 
acholi of Northern Uganda. Int J Multicult Multireligious Underst. 2021;8(5):238.

7.	 Gumisiriza N, Kugler M, Brusselaers N, Mubiru F, Anguzu R, Ningwa A, et al. 
Risk factors for nodding syndrome and other forms of epilepsy in Northern 
Uganda: a case-control study. Infect Dis Poverty. 2020;9(12):1–11.

8.	 Abdulai K, Torpey K, Kotoh AM, Laar A. Associated factors of diet quality 
among people living with HIV/AIDS in Ghana. BMC Nutr. 2024;10(1):1–14.

9.	 Foltz JL, Makumbi I, Sejvar JJ, Malimbo M, Ndyomugyenyi R, Atai-Omoruto 
AD, et al. An epidemiologic investigation of potential risk factors for nodding 
syndrome in Kitgum District, Uganda. PLoS ONE. 2013;8(6):e66419.

10.	 Idro R, Musubire KA, Byamah Mutamba B, Namusoke H, Muron J, Abbo C, 
et al. Proposed guidelines for the management of nodding syndrome. Afr 
Health Sci. 2013;13(2):219–32.

11.	 Spencer P, Vandemaele S, Richer K, Palmer M, Chungong VS, Anker S. Nod-
ding syndrome in Mundri county, South Sudan: environmental, nutritional 
and infectious factors. Afr Health Sci. 2013;13(2):183–204.

12.	 Shepherd G, Kazoora C, Müller D. Forests, livelihoods and poverty alleviation: 
the case of Uganda. Policy Institutions Work Pap. 2013;32:1–87. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​f​​
a​o​.​​o​r​g​​/​4​/​m​​h​0​​6​8​e​/​m​h​0​6​8​e​.​p​d​f

13.	 Tonui KK, Onyango AC, Ouma C. Seasonality of associations between produc-
tion of indigenous foods and food security status of mother-child dyads in 
Kisumu County, Kenya. BMC Nutr. 2024;10(1):1–15.

14.	 Katabarwa MN, Lakwo T, Habomugisha P, Unnasch TR, Garms R, Hudson-
Davis L, et al. After 70 years of fighting an age-old scourge, onchocerciasis in 
Uganda, the end is in sight. Int Health. 2018;10:i79–88.

15.	 Idro R, Namusoke H, Abbo C, Mutamba BB, Kakooza-Mwesige A, Opoka RO, 
et al. Patients with nodding syndrome in Uganda improve with symptomatic 
treatment: a cross-sectional study. BMJ Open. 2014;4(11):1–8.

16.	 Downer S, Berkowitz SA, Berkowitz SA, Harlan TS, Olstad DL, Mozaffarian D. 
Food is medicine: actions to integrate food and nutrition into healthcare. 
BMJ. 2020;369:1–12.

17.	 Gazda S, Kitara DL. Treatment and rehabilitation outcomes of children 
affected with nodding syndrome in northern uganda: a descriptive case 
series. Pan Afr Med J. 2018;29:1–11.

18.	 Kitara DL, Gazda S. Nodding syndrome in Northern Uganda; treatment and 
rehabilitation outcomes: a longitudinal study design. World J Pharm Res. 
2017;6(14):150–69.

19.	 Zotor FB, Amuna P. The food multimix concept: harnessing and promoting 
local composite complementary diets. Proc Nutr Soc. 2017;76(4):535–42.

20.	 Fetriyuna F, Purwestri RC, Susandy M, Köhler R, Jati IRAP, Wirawan NN, et al. 
Composite flour from indonesian local food resources to develop cereal/
tuber nut/bean-based ready-to-use supplementary foods for preven-
tion and rehabilitation of moderate acute malnutrition in children. Foods. 
2021;10(12):1–16.

21.	 Choudhury N, Ahmed T, Hossain MI, Islam MM, Sarker SA, Zeilani M, et al. 
Ready-to-use therapeutic food made from locally available food ingredients 
is well accepted by children having severe acute malnutrition in Bangladesh. 
Food Nutr Bull. 2018;39(1):116–26.

22.	 Scherbaum V, Purwestri RC, Stuetz W, Inayati DA, Suryantan J, Bloem MA, 
et al. Locally produced cereal/nut/legume-based biscuits versus peanut/

milk-based spread for treatment of moderately to mildly wasted children 
in daily programmes on Nias Island, Indonesia: an issue of acceptance and 
compliance? Asia Pac J Clin Nutr. 2015;24(1):152–61.

23.	 Uganda Bureau of Statistics (UBOS). Uganda annual agricultural survey 2018. 
Kampala, Uganda. 2020. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​p​​t​o​n​​l​i​n​​e​.​c​o​​m​/​​a​r​t​​i​c​l​​e​s​/​h​​
o​w​​-​t​o​​-​g​e​​t​-​b​e​​t​t​​e​r​-​m​f​i​-​r​e​s​u​l​t​s.

24.	 Pathania S, Bhatia C, Tiwari BK. Food formulation and product development. 
Food Formul Nov Ingredients Process Tech. 2021;1–4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​
/​9​​7​8​1​1​1​9​6​1​4​7​6​0​.​c​h​1.

25.	 Bobade H, Sharma S, Singh B. Effect of ingredient interactions on techno-
functional properties. Food Formul Nov Ingredients Process Tech. 2021;71–
99. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​9​​7​8​1​1​1​9​6​1​4​7​6​0​.​c​h​5.

26.	 Forde CG, de Graaf K. Influence of sensory properties in moderating eating 
behaviors and food intake. Front Nutr. 2022;9(February):1–6.

27.	 Mbela DEN, Kinabo J, Mwanri AW, Ekesa B. Sensory evaluation of improved 
and local recipes for children aged 6 to 23 months in Bukoba, Tanzania. Afr J 
Food Sci. 2018;12(11):297–308.

28.	 Landis JL, Palmer VS, Spencer PS. Nodding syndrome in Kitgum District, Uganda: 
association with conflict and internal displacement. BMJ Open. 2014;4(11):1–5.

29.	 Fetriyuna F, Purwestri RC, Susandy M, Köhler R, Jati IRAP, Wirawan NN, et al. 
Composite Flour from Indonesian Local Food Resources to Develop Cereal/
Tuber Nut/Bean-Based Ready-to-UseSupplementary Foods for Prevention and 
Rehabilitation of Moderate Acute Malnutrition in Children. Foods. 2021;10:1–16.

30.	 Gacula M, Rutenbeck S. Sample size in consumer test and descriptive analy-
sis. J Sens Stud. 2006;21(480):129–45.

31.	 Kelechukwu E, Onu O, Omodamiro R, Nnabue I. Effect of harvest (maturity) 
on the beta-carotene content of orange-fleshed sweetpotato. Niger Agric J. 
2024;55(3):1239–48.

32.	 Mulokozi G, Kapinga RE, Hotz C, Tumwegamire S, Kamala A. Influence of 
environment and crop age on beta-carotene content of promising orange-
fleshed sweetpotato varieties in Uganda. 2009;55(1):371–85. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​1​5​9​​/​0​​0​0​2​4​8​2​9​5

33.	 Oloniyo RO, Omoba OS, Awolu OO. Heliyon Biochemical and antioxidant 
properties of cream and orange- fl eshed sweet potato. Heliyon. 2021;7(3). 
Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​e​​l​i​y​​o​n​.​2​​0​2​​1​.​e​0​6​5​3​3.

34.	 Chi N, Ngoc T, Hao H, Van, Quang V, Minh N. Food chemistry: x quality attri-
butes, antioxidant activity and color profile of orange-fleshed sweet potato 
grown in Vietnam. Food Chem. 2024;24:102060. Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​1​6​​/​j​​.​f​o​​c​h​x​​.​2​0​2​​4​.​​1​0​2​0​6​0.

35.	 Ateye MD, Ali AM, Hassan SM, Jama HM. Comparative analysis of nutritional 
composition: proximate and mineral content of soybean varieties. Discov 
Food. 2025;5:30.

36.	 Kubiriza GK, Ssempijja D, Mubiru E, Odoli CO, Zalwango J, Masette M et al. Oxi-
dative stability and proximate composition of silver cyprinid (Rastrineobola 
argentea) used for fishmeal in East Africa. J Appl Aquac. 2020;00(00):1–21. 
Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​0​4​5​​4​4​3​​8​.​2​0​​2​0​​.​1​7​2​7​8​0​8.

37.	 Beebe S. Biofortification of common bean for higher iron concentration. 
Front Sustain Food Syst. 2020;4:1–6.

38.	 Ouattara A, Serge G, Ekissi E, Kouassi NK, Aristide D, Kouamé I. Nutritional 
potential of maize (Zea mays L.) and millet (pennisetum glaucum) cereals 
fermented and germinated. World J Pharm Med Res. 2020;6(12):142–8.

39.	 Nadu T, Nadu T. Sorghum bicolor: nutritional powerhouse and processing inno-
vations – a comprehensive review. Int J Creat Res Thoughts. 2025;13(6):960–78.

40.	 Kulamarva AG, Sosle VR, Raghavan GSV, Kulamarva AG, Sosle VR. Nutritional 
and rheological properties of sorghum. Int J Food Prop. 2010;12(1):55–69. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​0​9​4​2​9​1​0​8​0​2​2​5​2​1​4​8.

41.	 Marcinek K, Krejpcio Z. Chia seeds (Salvia hispanica): health promoting properties 
and therapeutic applications – a review. Rocz Panstw Zakl Hig. 2017;68(2):123–9.

42.	 Agarwal A, Tripathi AD, Kumar T, Sharma KP. Nutritional and Functional new 
perspectives and potential health benefits of quinoa and chia seeds. Antioxi-
dants. 2023;12:1413.

43.	 Aloka B, Olum S, Ongeng D. Evaluation of the nutritional quality of food com-
posites developed from local ingredients to target the needs of persons expe-
riencing nodding syndrome in Northern Uganda. Sci Rep. 2025;15(1):1–14.

44.	 Feyera M. Overview of malting and fermentation role in sorghum flour, 
primarily for antinutrient reduction. J Hum Nutr Food Sci. 2021;9(1):1–9. Avail-
able from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​j​​s​c​i​​m​e​d​​c​e​n​t​​r​a​​l​.​c​​o​m​/​​N​u​t​r​​i​t​​i​o​n​​/​n​u​​t​r​i​t​​i​o​​n​-​9​-​1​1​3​8​.​p​d​f.

45.	 Ojha P, Adhikari R, Karki R, Mishra A, Subedi U, Karki TB. Malting and fermenta-
tion effects on antinutritional components and functional characteristics of 
sorghum flour. Food Sci Nutr. 2018;6(1):47–53.

46.	 Matumba L, Van Poucke C, Njumbe Ediage E, Jacobs B, De Saeger S. Effective-
ness of hand sorting, flotation/washing, dehulling and combinations thereof 

https://doi.org/10.1016/j.ensci.2022.100401
https://doi.org/10.1186/s40249-020-0628-3
https://doi.org/10.1186/s40249-020-0628-3
https://www.fao.org/4/mh068e/mh068e.pdf
https://www.fao.org/4/mh068e/mh068e.pdf
https://www.ptonline.com/articles/how-to-get-better-mfi-results
https://www.ptonline.com/articles/how-to-get-better-mfi-results
https://doi.org/10.1002/9781119614760.ch1
https://doi.org/10.1002/9781119614760.ch1
https://doi.org/10.1002/9781119614760.ch5
https://doi.org/10.1159/000248295
https://doi.org/10.1159/000248295
https://doi.org/10.1016/j.heliyon.2021.e06533
https://doi.org/10.1016/j.fochx.2024.102060
https://doi.org/10.1016/j.fochx.2024.102060
https://doi.org/10.1080/10454438.2020.1727808
https://doi.org/10.1080/10942910802252148
https://doi.org/10.1080/10942910802252148
https://www.jscimedcentral.com/Nutrition/nutrition-9-1138.pdf


Page 12 of 12Aloka et al. BMC Nutrition           (2026) 12:88 

on the decontamination of mycotoxin-contaminated white maize. Food 
Addit Contam - Part Chem Anal Control Expo Risk Assess. 2015;32(6):960–9.

47.	 Raza A, Munir A, Ghafoor A, Ali S. Soybean roasting using continuous solar 
roaster–a decentralized approach for agricultural processing. J Food Process 
Eng. 2019;42(6):1–12.

48.	 Ntsama PM, Tsafack JJT, Medoua GN, Mbofung CMF. Preparation of ready to 
use supplementary food for treating moderate acute malnutrition in children 
aged 6 to 59 months. IRA-International J Appl Sci (ISSN. 2020;14(3):2455–4499.

49.	 Byrd KA, Pincus L, Pasqualino MM, Muzofa F, Cole SM. Dried small fish provide 
nutrient densities important for the first 1000 days. Matern Child Nutr. 
2021;17(4):1–13.

50.	 Yadav DN, Chhikara N, Anand T. Rheological quality of pearl millet porridge as 
affected by grits size. J Food Sci Technol. 2014;51(12):2169–75.

51.	 Onyango C, Wanjala GW. Quality of porridge from sub-Saharan Africa evalu-
ated using instrumental techniques and descriptive sensory lexicon. Part 2 : 
thin porridge. Afr J Food Sci. 2018;12(5):104–14.

52.	 Makame J, Cronje T, Emmambux NM, De Kock H. Dynamic oral texture 
properties of selected indigenous complementary porridges used in African 
communities. Foods. 2019;8:221.

53.	 Alowo D, Muggaga C, Ongeng D. The effect of traditional malting technology 
practiced by an ethnic community in northern Uganda on in-vitro nutrient 
bioavailability and consumer sensory preference for locally formulated 
complementary food formulae. Food Sci Nutr. 2018;6(8):1–8.

54.	 Nurmomade S, Eduardo M, Basu S, Carvalho I, De, Andersson R, Wendin 
K. Sensory evaluation of composite porridges based on pearl millet and 
cowpea for Mozambican children under five years old. Int J Gastron Food Sci. 
2025;41:101271. Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​i​j​​g​f​s​​.​2​0​2​​5​.​​1​0​1​2​7​1.

55.	 Malimi KE, Ladislaus KM, Grace MN, Elifatio T, Cypriana C. Acceptability assess-
ment of ugali made from blends of high quality cassava flour and cereal 
flours in the lake zone, Tanzania. Asian Food Sci J. 2018;2(1):1–11.

56.	 Mugalavai KV, Oyalo OJ, Onkware OA. Characterization of the nutritional 
properties of sorghum composite flours using different food to food fortifica-
tion approaches. Eur J Agric Food Sci. 2020;2(6):1–7.

57.	 Katunzi-Kilewela A, Mongi RJ, Kaale LD, Kibazohi O, Fortunatus RM, Rwey-
emamu LM. Sensory profile, consumer acceptability and preference mapping 
of cassava-chia seeds composite porridges. Appl Food Res. 2022;2(1):100038. 
Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​f​​r​e​s​​.​2​0​2​​1​.​​1​0​0​0​3​8.

58.	 Abel ES, Evivie ER, Chigbufue OT. Evaluating the proximate chemical compo-
sition and sensory properties of composite bread from wheat and cocoyam 
flours. Afr J Food Sci. 2023;17(5):74–84.

59.	 Okoye J, Umerah N, Ene G. Evaluation of nutrient composition and organo-
leptic properties of cookies produced from composite flours of sorghum, 
black bean and cocoyam. Int J Food Sci Nutr. 2019;4(4):66–71.

60.	 Enyagu P, Bazira J, Petra P, Kirungi G. Nutritional status of children living 
with nodding disease syndrome and copying strategies of their families in 
Uganda. Asian J Res Med Med Sci. 2023;5(1):69–77.

61.	 Adejumo OP, Adejumo OA, Olukoya OF, OyeribhorEvelyn, Anagor C. Physico-
chemical and sensory properties of cookies produced from whole wheat and 
whole watermelon seeds flour blends. Int J Adv Acad Stud. 2023;5(9):01–4.

62.	 Olaniran AF, Okonkwo CE, Osemwegie OO, Iranloye YM, Adewumi AD, 
Taiwo AE et al. Production, acceptability, nutritional and pasting proper-
ties of orange-flesh sweet potato, cowpea and banana flour mix. Sci Rep. 
2024;14(1):1–11. Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​8​-​0​2​4​-​5​5​3​1​2​-​1.

63.	 Ayele HH, Bultosa G, Abera T, Astatkie T. Nutritional and sensory quality of 
wheat bread supplemented with cassava and soybean flours Nutritional and 
sensory quality of wheat bread supplemented with cassava and soybean 
flours. Cogent Food Agric. 2017;14(1). Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​
2​​3​3​1​​1​9​3​​2​.​2​0​​1​7​​.​1​3​3​1​8​9​2.

64.	 Kowalski S, Mikulec A, Pustkowiak H. Sensory assessment and physicochemi-
cal properties of wheat bread supplemented with chia seeds. Pol J Food Nutr 
Sci. 2020;70(4):387–97.

65.	 Hassan HMM, Elgharably AMA, Ashoush IS, Rheological. Physical properties 
and sensory evaluation of biscuits enriched with chia seed powder. Egypt J 
Nutr Vo. 2023;48(2):32–50.

66.	 Olaniran AF, Okonkwo CE, Osemwegie OO, Iranloye YM, Adewumi AD, 
Taiwo AE et al. Production, acceptability, nutritional and pasting proper-
ties of orange – flesh sweet potato, cowpea and banana flour mix. Sci Rep. 
2024;1–11. Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​8​-​0​2​4​-​5​5​3​1​2​-​1.

67.	 Sanya E, Okoth MW, Abong GO, Mugalavai VK. Consumers acceptabil-
ity of extruded maize-sorghum composite flours fortified with grain 
amaranth, baobab and orange fleshed sweet potatoes. Afr J Food Sci. 
2020;14(9):274–84.

68.	 Ranganathan V, Nunjundiah IT, Bhattacharya S. Effect of roasting on rheo-
logical and functional properties of sorghum flour. Food Sci Technol Int. 
2014;20(8):579–89.

69.	 Msheliza EA, Ilesanmi JOY, Hussein JB, Nkama I. Effect of pretreatments on 
the microbial and sensory quality of weaning food produced from blends of 
sorghum and soybean. Afr J Food Sci. 2018;12(12):353–9.

70.	 Mithamo F, Kamande P, Konyole S, Musotsi A, Sigot A. Acceptability of a 
mushroom enriched composite flour and porridge among child/mother 
dyads (6-24months) at Nabongo Dispensary, Kakamega County, Kenya. Afr J 
Food Agric Nutr Dev. 2020;20(7):16957–68.

71.	 Katunzi-Kilewela A, Fortunatus RM. Sensory profile, consumer acceptability 
and preference mapping of cassava-chia seeds composite porridges. Appl 
Food Res. 2022;2(1):100038.

72.	 Kikafunda JK, Abenakyo L, Lukwago FB. Nutritional and sensory properties 
of high energy/nutrient dense composite flour porridges from germinated 
maize and roasted beans for child-weaning in developing countries: a case 
for Uganda. Ecol Food Nutr. 2006;45(4):279–94.

73.	 Tortoe C, Akonor PT, Nketia S, Owusu M, Glover-Amengor M, Hagan L, et al. Assess-
ing the sensory characteristics and consumer preferences of yam-cowpea-soy-
bean porridge in the Accra Metropolitan Area. Int J Nutr Food Sci. 2014;3(2):127.

74.	 Kordylas JM. Processing and preservation of tropical and sub-tropical foods. 
London: Macmillan Education Ltd; 1991. p. 49–79.

75.	 Gitau PW, Kunyanga CN, Abong GO, Ojiem JO, Muthomi JW. Assessing Sen-
sory characteristics and consumer preference of legume-cereal-root based 
porridges in Nandi County. J Food Qual. 2019. 1(2019):1–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​1​5​5​​/​2​​0​1​9​/​3​0​3​5​4​1​8.

76.	 Stuart I, Carvalho T, De, Granfeldt Y, Eliasson A, charlotte, Dejmek P. Predict-
ability of the consistency of porridges using different methods to measure fl 
our swelling. Starch/Staerke. 2014;66:199–207.

77.	 Patel BK, Seetharaman K. Effect of heating rate at different moisture contents 
on starch retrogradation and starch-water interactions during gelatinization. 
Starch/Staerke. 2010;62(10):538–46.

78.	 Bartkiene E, Steibliene V, Adomaitiene V, Juodeikiene G, Cernauskas D, 
Lele V, et al. Factors affecting consumer food preferences: food taste and 
depression-based evoked emotional expressions with the use of face reading 
technology. Biomed Res Int. 20192019(1):1–10.

79.	 Hieke S, Grunert KG. Consumers and health claims. vol. 3, Foods, Nutrients 
and Food Ingredients with Authorised EU Health Claims. Elsevier Ltd; 2018. p. 
19–32 . Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​B​​9​7​8​​-​0​-​​0​8​-​1​​0​0​​9​2​2​-​2​/​0​0​0​0​2​-​4.

80.	 Aboge DO, Orinda MA, Konyole SO. Acceptability of complementary porridge 
enriched with crickets (Acheta domesticus) among women of reproduc-
tive age in Alego-Usonga Sub-County, Kenya. Afr J Food Agric Nutr Dev. 
2021;21(5):18066–82.

81.	 Alderman H, Headey DD. How important is parental education for child nutri-
tion? World Dev. 2017;94:448–64. Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​w​o​​
r​l​d​​d​e​v​.​​2​0​​1​7​.​0​2​.​0​0​7.

82.	 Oseguera-Toledo ME, Contreras-Jiménez B, Hernández-Becerra E, Rodriguez-
Garcia ME. Physicochemical changes of starch during malting process of 
sorghum grain. J Cereal Sci. 2020;95:103069. Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​0​1​6​​/​j​​.​j​c​s​.​2​0​2​0​.​1​0​3​0​6​9.

83.	 Cabrera-Ramirez ÁH, Muñoz-Labrador A, Morales-Sánchez E, Gaytán-Martinez 
M, Montilla A, Villamiel M. Unraveling the development of maillard reaction 
indicators in popped cereal grains. Food Chem. 2025;478:143705.

84.	 Agbor Asuk A, Nnaemeka Ugwu M, Idole B. The effect of different malting 
periods on the nutritional composition of malted sorghum-soy composite 
flour. J Food Sci Nutr Res. 2020;03(03):217–30.

85.	 Oduro-Yeboah C, Padi A, Boateng C, Agbezudor J. Sensory evaluation of 
newly developed millet cereal mix. Council for Scientific and Industrial 
Research (CSIR), Ghana. 2017.

86.	 Haile A, Shufa T. Development of porridge from kocho and chickpea com-
posite flours: evaluation of nutritional composition and functional properties 
of the flours and sensory properties of the porridge. J Food Process Technol. 
2019;10(4):1–9. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​4​1​​​7​2​​/​2​​1​5​7​-​7​​1​1​0​.​1​0​0​0​7​8​8.

87.	 Murevanhema YY, Jideani VA. Production and characterization of milk pro-
duced from bambara groundnut (Vigna subterranea) varieties. J Food Process 
Preserv. 2015;39(6):1485–98.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.ijgfs.2025.101271
https://doi.org/10.1016/j.afres.2021.100038
https://doi.org/10.1038/s41598-024-55312-1
https://doi.org/10.1080/23311932.2017.1331892
https://doi.org/10.1080/23311932.2017.1331892
https://doi.org/10.1038/s41598-024-55312-1
https://doi.org/10.1155/2019/3035418
https://doi.org/10.1155/2019/3035418
https://doi.org/10.1016/B978-0-08-100922-2/00002-4
https://doi.org/10.1016/j.worlddev.2017.02.007
https://doi.org/10.1016/j.worlddev.2017.02.007
https://doi.org/10.1016/j.jcs.2020.103069
https://doi.org/10.1016/j.jcs.2020.103069
https://doi.org/10.4172/2157-7110.1000788

	﻿Organoleptic drivers of caregiver-reported acceptability of locally formulated nutrient-dense products formulated from local ingredients for nutritional intervention in nodding syndrome in northern Uganda
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study setting and participants
	﻿Socio-demographic characteristics of participants
	﻿Level of inclusion of ingredients in the formulation
	﻿Processing of the ingredients included in the formulations
	﻿Preparation of porridges and sensory evaluation procedure
	﻿Statistical analysis
	﻿Ethical consideration

	﻿Results
	﻿Overall acceptability scores of composite formulae based on different attributes
	﻿Comparison of organoleptic characteristics of maize and sorghum composite formulae
	﻿Determinants of overall acceptability for the most liked composite formula for the nutrient-dense composite formulae

	﻿Discussion
	﻿Acceptability scores of composite formulae based on different attributes



