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Abstract

Consider a grain that has fed rural Ugandan households for generations yet rarely appears on nutrition
programme menus, largely because it comes packaged as a coarse flour that many younger consumers
find unappealing. This research evaluated five millet-based food products, plain millet flour, millet
flakes, a millet biscuit, millet vermicelli, and a fortified millet porridge mix, for proximate composition,
mineral content, and consumer sensory acceptability, with the goal of identifying value-added formats
that could support dietary diversification in rural communities without requiring consumers to change
their grain source. The fortified porridge mix recorded the highest protein content at 12.4% and the
highest overall sensory acceptability score at 7.6 on a nine-point hedonic scale, while the millet biscuit
recorded the lowest crude fiber content at 8.6%, reflecting the refining involved in biscuit-grade flour
production. Iron and calcium content varied more by processing method than by product category
alone, with roasted and malted products retaining more mineral content than products subjected to
higher-temperature extrusion processing. Comparing traditional millet flour against the four value-
added products showed every value-added product matching or exceeding traditional flour on protein
content, while sensory scores for the value-added products consistently exceeded scores recorded for
traditional flour porridge in parallel taste panels. These findings support value-added millet product
development, particularly fortified porridge mixes and biscuits, as a practical route to improving both
the nutritional contribution and consumer acceptability of millet within rural diets.

Keywords: Millet, value-added products, proximate composition, sensory evaluation, diet
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Introduction

Take two households in the same rural Ugandan village, one serving millet as coarse
porridge flour and another serving a fortified millet-based product from a local processing
cooperative, and you will likely find very different attitudes toward the grain among younger
household members, even though both households are consuming essentially the same crop.
Finger millet and pearl millet remain nutritionally valuable staples across much of rural East
Africa, carrying meaningful protein, fiber, iron, and calcium content relative to more heavily
milled cereals, yet consumption has declined in many communities as maize and rice, often
perceived as more convenient or higher status, have displaced millet from everyday diets
2]

Value-added processing offers one route back into relevance for millet, transforming the
grain into formats, flakes, biscuits, vermicelli, or fortified porridge mixes, that align more
closely with contemporary consumption preferences without abandoning millet as the base
ingredient [ 4. Whether this transformation preserves or degrades the grain's inherent
nutritional advantages depends heavily on the specific processing method used, since
different thermal and mechanical treatments affect nutrient retention differently, and
extrusion processing in particular has been reported to reduce certain heat-sensitive nutrients
relative to lower-temperature methods like roasting or malting [ ©1.

Consumer acceptability matters as much as nutrient retention for any diversification strategy
aimed at actually changing what households eat day to day, since a nutritionally superior
product that nobody wants to eat achieves nothing for dietary diversification in practice ["- 81,
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Sensory research on millet-based products remains
comparatively limited relative to the volume of purely
compositional analysis available in the literature, and few
studies compare sensory acceptability directly alongside full
nutritional profiling of the same product set, which limits
how confidently nutrition programmes can select among
candidate products I,

This research therefore set out to evaluate proximate
composition, mineral content, and sensory acceptability
together across five millet-based products, plain flour and
four value-added formats, to identify which combination of
processing method and product format best balances
nutritional retention against the consumer acceptability
needed to actually shift dietary patterns in the communities
these products would be intended to reach.

Objectives were to determine proximate composition
(protein, fiber, fat, energy) and mineral content (iron,
calcium) of five millet-based products; to conduct sensory
evaluation across color, taste, texture, aroma, and overall
acceptability for each product; and to compare value-added
products directly against traditional millet flour to establish
whether processing into value-added formats comes at any
measurable nutritional cost.

Materials and Methods

Theoretical Background: Nutrient retention during food
processing follows established principles tied to heat
exposure duration and intensity, moisture content during
processing, and mechanical shear forces applied to the grain
matrix. Protein and mineral content are generally more heat-
stable than certain vitamins, though excessive extrusion
temperature can reduce protein digestibility through
Maillard-type reactions between proteins and reducing
sugars, while fiber content is primarily affected by milling
extraction rate rather than thermal exposure, since bran
removal during refining directly removes fiber-rich tissue
regardless of downstream heat treatment. These principles
guided the comparative processing approach used across the
five products evaluated in this research.

Materials: Finger millet grain (variety 'Serere-1") sourced
from a single-harvest lot from cooperative farmer groups in
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the Kampala district was used as the base material for all
five products. Plain millet flour was produced by simple dry
milling and sieving. Millet flakes were produced by
conditioning grain with steam, flaking through mechanical
rollers, and toasting. The millet biscuit was formulated using
refined millet flour blended with wheat flour (70:30 millet-
to-wheat ratio), sugar, and fat, then baked. Millet vermicelli
was produced through extrusion of a millet-wheat composite
dough (75:25 ratio) followed by drying. The fortified
porridge mix combined malted millet flour with soy flour,
sugar, and a micronutrient premix providing iron and
calcium fortification at levels calculated to meet a
meaningful share of daily requirement per typical serving.

Methods

Proximate composition, moisture, protein (Kjeldahl
method), crude fat (Soxhlet extraction), crude fiber, ash, and
carbohydrate (by difference), was determined for each
product following standard AOAC procedures. Energy
value was calculated using standard Atwater conversion
factors. Iron and calcium content were determined using
atomic absorption spectrophotometry following di-acid
digestion of ashed samples. Sensory evaluation was
conducted using a 45-member semi-trained consumer panel
drawn from surrounding rural communities, scoring each
product on color, taste, texture, aroma, and overall
acceptability using a nine-point hedonic scale, with panelists
tasting prepared samples (cooked porridge for flour and
fortified mix, and ready-to-eat form for flakes, biscuit, and
vermicelli) under standardized conditions. Data were
analyzed using analysis of variance appropriate to a
completely randomized design, with product means
separated using the least significant difference test at 5%
probability.

Results

Proximate composition, mineral content, and sensory
acceptability varied meaningfully across the five products,
with no single product dominating on every measure; the
fortified porridge mix led on protein and overall
acceptability, while plain flour and flakes retained the
highest fiber content among the products tested.

Traditional product
Value-added product

Fig 1: Comparative nutrient profile of traditional millet product versus value-added millet product across six parameters (normalized scale)
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The radar comparison in Figure 1 shows the value-added
product profile extending further outward than the

traditional product across most axes except fat, where the
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value-added formulation's added fat content, from
fortification ingredients and processing aids, pushed it
modestly higher rather than lower.

Table 1: Proximate composition of five millet-based food products

Product Protein (%) | Crude fiber (%) | Fat (%) |Energy (kcal/100 g)
Plain millet flour 8.9 11.8 3.2 348
Millet flakes 9.6 12.4 3.8 362
Millet biscuit 11.8 8.6 14.2 458
Millet vermicelli 10.9 9.2 4.6 371
Fortified porridge mix 124 10.1 5.8 394
LSD (p = 0.05) 0.4 0.5 0.6 9
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Fig 2: Protein and crude fiber content comparison across five millet-based products

Table 2: Mineral content and sensory acceptability of five millet-based food products

Product Iron (mg/100 g) Calcium (mg/100 g)  |Overall acceptability (1-9)
Plain millet flour 4.8 298 6.2
Millet flakes 5.1 306 6.8
Millet biscuit 3.2 184 7.4
Millet vermicelli 3.6 210 6.9
Fortified porridge mix 9.4 412 7.6
LSD (p =0.05) 0.3 14 0.3

The fortified porridge mix carried nearly double the iron
content and about 38% more calcium than plain millet flour,
a gap that traces directly to the deliberate micronutrient
premix rather than to malting or any other processing step
alone, since malting on its own, as reflected in the flakes
product which used a milder heat treatment, raised mineral
content only modestly relative to plain flour.

Comprehensive Interpretation

Short overview: Reading the compaosition and sensory data
together, the fortified porridge mix stands out as the product
that improved on plain millet flour without any of the trade-
offs visible in the biscuit and vermicelli products, both of
which gained sensory acceptability and, in the biscuit's case,
protein and energy density, at the cost of noticeably reduced
fiber content from the wheat blending and refining involved.
The porridge mix's advantage came from a different lever
entirely, deliberate fortification and malting rather than

refining or wheat substitution, which explains why it
managed to raise both nutrient content and sensory
acceptability simultaneously rather than trading one against
the other.

Discussion

The fiber reduction observed in the biscuit and vermicelli
products, both of which incorporated wheat flour blending,
matches expectations from cereal processing research
generally, where composite flour blending with a lower-
fiber cereal predictably dilutes the fiber contribution of the
higher-fiber base grain [ . This is a genuine trade-off
nutrition programmes should weigh carefully: the biscuit's
higher sensory acceptability and energy density make it an
appealing snack option, but its reduced fiber content means
it should not be positioned as a direct nutritional substitute
for traditional millet flour porridge in dietary diversification
messaging.
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Fig 3: Processing pathway from raw millet grain to five finished product formats
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Fig 4: Sensory attribute scores for the fortified millet porridge mix across five evaluation criteria

Mineral retention differences across products align with
what food processing research reports regarding thermal
treatment intensity, with malting and low-temperature
roasting (used for flakes) generally preserving more mineral
content than higher-temperature extrusion processing used
for vermicelli production, likely because extended high-heat
exposure can promote some mineral-binding compound
formation that reduces bioavailable mineral content even
where total mineral mass is not directly destroyed [*? 13,
This distinction matters more for iron and calcium than it
does for protein, since protein content in this research
tracked ingredient formulation, driven mainly by
fortification and wheat blending ratios, more closely than it
tracked processing method.

Sensory acceptability improving across every value-added
product relative to plain flour porridge supports the core
premise behind this research, that processing format, not
nutrient content, may be the more binding constraint on
millet consumption among younger rural consumers in this
setting [ 9. If this pattern holds beyond the single-panel

evaluation conducted here, it would argue for nutrition
programmes prioritizing product format development and
consumer testing alongside nutrient optimization, rather
than treating nutrient content improvement as sufficient on
its own to shift dietary patterns.

Limitations

Sensory evaluation was conducted with a single 45-member
panel at one time point, and acceptability scores may differ
across age groups, regions, or repeated exposure to these
products over time as familiarity develops. Only one millet
variety and one processing line was used per product format,
so results may not generalize directly to other millet
varieties or commercial-scale processing equipment
operating at different throughput and temperature profiles.
Shelf-life and cost-of-production comparisons across the
five products were outside the scope of this research and
would be needed before recommending any specific product
for commercial-scale nutrition programme deployment.
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Conclusion: The main contribution of this research is a
direct, side-by-side comparison of proximate composition,
mineral content, and sensory acceptability across five millet-
based products, showing that value-added processing does
not have to come at the cost of nutritional quality if the
processing route emphasizes fortification and malting rather
than refining and cereal blending alone. Supporting
evidence came from the fortified porridge mix
outperforming plain millet flour on protein, iron, calcium,
and sensory acceptability simultaneously, while the biscuit
and vermicelli products, though more acceptable to
consumers than plain flour, showed measurable fiber
dilution from wheat blending. For rural nutrition
programmes and small-scale processors aiming to diversify
millet consumption in this region, fortified porridge mixes
and, to a lesser extent, roasted flakes represent processing
formats that improve both nutritional contribution and
consumer appeal without the trade-offs visible in more
heavily refined products. Open questions remain around
how these acceptability findings generalize across broader
consumer populations, what shelf-life and production cost
differences exist across the five formats, and whether
similar fortification strategies could be applied to further
value-added product formats beyond the five evaluated here.
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