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Abstract
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The type and quality of weaning food plays a vital role in the growth and development of children. The high
rates of malnutrition reported in banana consuming areas of Uganda reveal the bulkiness and high viscosity
of the predominant banana-based weaning foods. The objective was to determine the impact of processing
technique on energy density and viscosity of cooking banana. Part of the unprocessed dried slices was milled
into fine flour and the rest extruded. Pre-gelatinised banana flour was produced using a modified earlier
method. Nutrient and energy composition of the flours were determined using standard methods. Data were
subjected to one-way ANovA/least significant difference test and r-test using GenStat 5 Release 3.2. Pre-
gelatinisation and extrusion cooking significantly raised energy content of banana significant impact on its
viscosity but with extrusion cooking achieving better results. Extrusion cooking and pre-gelatinisation
increase the energy content of cooking bananas and significantly reduces its bulkiness. Soybean and simsim

addition will improve protein quality and quantity of banana-based weaning products.

Keywords

Introduction

The capacity of a weaning diet to meet the protein and
energy requirements of infants depends on its nutritional
quality as well as its dietary bulkiness (Mosha et al.,
2000; Osundahunsi & Aworth, 2002; Sajilata ef al.,
2002; Thathola & Srivastava, 2002; Mosha & Vicent,
2004). In the event of high banana production and
consumption especially in most parts of Uganda, high
incidences of protein energy malnutrition (PEM) among
infants born in the ‘matooke’ (banana) dietary-depen-
dent cultures have been reported (Mafara, 1994; Kika-
funda et al., 1998). Cassava and other root tubers are
among other foods offered during weaning period
(FAO, 1990, 2001). It was noted that weaning, a time
when the child needs high energy and about twice as
much protein in relation to body weight as do adults, is
compromised in Uganda by weaning dicts of low energy
density and protein quality and quantity (Gibson et al.,
1998; Kikafunda et al., 1998; Tumwine & Barugahare,
2002).

Weaning foods need to be rich in energy and nutrients
since beyond six months of age, children cannot get
enough energy and nutrients from breast milk alone

*Correspondent: Fax: +256-41-531641;
e-mail: jbuk200lug@yahoo.com

Bulk, extrusion, protein energy malnutrition, pre-gelatinisation, viscosity, weaning.

(Savage & Burgess, 1993). Therefore to address this
problem, plant protein rich sources, such as soybean and
simsim need to be added to starch-based diets whose
bulkiness has been reduced through application of
simple technologies. Most of the weaning foods used
in Uganda are starch staples containing high fibre
making them difficult to digest and meet the nutrition
requirement of infants. Cooking banana (matooke), one
of the most used weaning foods in Uganda, has low
energy density because of the high fibre and viscosity
(bulkiness) and there are no documented attempts to
reduce its inherent bulkiness. It is in this context that
studies aimed at identifying and propagating simple
traditional methods of reducing the bulkiness of starch-
based diets and increasing their energy density require
considerable attention.

The weaning diets of Ugandan children in most
cultures are not only bulky but are also poor in certain
nutrients (Uganda Demographic and Health Survey
(UDHS), 2000/2001). This reveals a need for greater
emphasis on development of weaning products of high
energy density and low viscosity without compromising
the sensory quality of these products. Most information
about Uganda weaning diets is anecdotal. More effort
needs to be invested in studies that more clearly and
precisely define energy density and protein quality of
weaning diets. Literature shows that banana bulkiness
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could be effectively overcome through extrusion cooking
and pre-gelatinisation (Muranga, 1992). However, noth-
ing is known regarding which method is the most efficient.

The rehabilitation of severely malnourished children
at Mwanamugimu unit in Uganda has employed prep-
aration of protein rich sources comprising simsim and
legume or nut mixture to complement mashed staples
particularly ‘matooke’ prepared in the traditional way.
Given that these children need several servings in a day
for adequate catch-up growth, these efforts have been
hindered by the amount of labour involved in the
preparation of these protein rich mixtures.

This research work was therefore undertaken to study
the effect of processing technique on energy density of
cooking banana and evaluate the impact of processing
technique on its viscosity.

Materials and methods

The study was conducted at the Department of Food
Science and Technology laboratory, Makerere Univer-
sity in Kampala, Uganda where the dryer was located.
However, determination of flour pasting characteristics
was done at Bundesforschungsanstalt fiir Erndhrung
und Lebensmittel (BFEL), Detmold, Germany.

Preparation of flours

Unprocessed banana flour (dried raw banana slices) was
produced by peeling and slicing of the raw banana fruit
(AAA-EA) using stainless steel knives into slices of half
an inch (Fig. 1). The slices were placed in a 0.2%
solution of sodium metabisulphite (w/v) for about
5 min to prevent browning and then dried in an
electrical drier at 60 °C for about 12 h. Part of the
unprocessed dried slices was milled into fine flour and
the rest were extruded using a single screw extruder.
Extrusion was effected through a ZSK 40 Werner and
pfleider co-rotating twin extruder, Continua 58 whose
processing barrel consisted of six separately controlled
cylinder hot zones at a die temperature of 140 °C
(Muranga, 1998). Pre-gelatinised banana flour was
produced using an earlier method but with modification
to suit the traditional banana cooking process of
matooke (Muranga & Haase, 1997). Bananas were
washed and cooked till tender in a pressure cooker at a
temperature ranging between 98—100 °C for 5 min. This
time was adequate to sufficiently loosen the banana peel,
allowing hand stripping off of the peels. After cooling
the bananas fingers under tap water (23 °C), the peels
were removed and sliced into slices of half an inch. The
slices were arranged on trays as above and dried in an
electrical drier at 60 °C for about 12 h.

Soybean (Glycine max) flour was obtained by dehul-
ling dry soybeans and extruding using the single screw
extruder to obtain extruded material. Simsim (Sesame
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Figure 1 Spreading of banana slices on a tray before loading into the
dryer.

indicum) flour was obtained by soaking simsim seeds in
hot 0.6% sodium hydroxide for 1 min (w/v). The seeds
were then washed with in excess tap water at 23 °C,
scrubbed to remove the hull and dried in hot air oven
(size 2, SG93/B6/95 Gallenkamp, UK) at 60 °C for
12 h. The dry dehulled seeds were roasted in an oven at
170 °C for 25 min, and then pounded to obtain flour of
a roasted simsim flavour.

Determination of viscosity

Pasting viscosity of banana, soybean and simsim flours
was determined using the Rapid Visco Analyser (RVA),
Thermocline version 2.0 new point scientific PTY Ltd
1992 NSW Australia. This was done in Germany and
heating was done at 50-95 °C. The key pasting param-
eters determined were peak, trough and end viscosities.

Proximate analysis

Moisture, crude fat, fibre, crude protein, ash and energy
composition of the flours were determined using standard
methods. Moisture was determined by AOAC (1997)
method 4.1.03. Ash determination was by dry ashing at
450 °C (AOAC, 1990), whereas crude fat by Soxhlet
extraction (Harris, 1970). Gross energy content was
determined using a bomb calorimeter (AOAC, 1990).

Data analysis

Data for nutrient and energy composition was subjected
to one-way analysis of variance (ANOVA) using GenStat 5
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Release 3.2 and means were separated by least signif-
icant difference (LSD) test at 5% probability level to
assess whether there were significant (P < 0.05) differ-
ences between unprocessed and processed banana
flours. Viscosity data were compared using ¢-test.

Results

Proximate analysis

The average nutritional and energy content of the
banana flours are shown in Table 1. The protein and
energy content of pre-gelatinised and extruded banana
were both significantly higher than that of unprocessed
banana. However, extruded banana exhibited signifi-
cantly higher energy content than pre-gelatinised bana-
na, showing that though both treatments increase
energy density of unprocessed banana (dried raw
banana with out any treatment), extrusion cooking is
more effective. The low crude fibre content in unpro-
cessed and extruded bananas compared to pre-gelatin-
ised banana may be attributed to loss of fibre in banana
peel during peeling and changes in chemical properties
of banana during extrusion respectively (Hui, 1992;
Muranga & Mavenjina, 2001). It was noted that
extrusion cooking which is a high temperature short-
time process, changes the physical and chemical prop-
erties of food (Hui, 1992).

The existence of a significant difference (P < 0.05) in
gross energy content of pre-gelatinised and extruded
banana is evidence that pre-gelatinisation and extrusion
cooking are effective processing technologies in reducing
bulkiness of cooking banana, thus enhancing its energy

Table 1 Nutrient and energy content of banana flours per 100 g

density. The energy content of extruded banana was,
however, significantly higher than that of pre-gelatinised
banana implying that extrusion cooking is an efficient
processing technology in reducing bulkiness of cooking
banana.

Table 2 shows the average nutritional and energy
content of processed soybean and simsim flours. The fat
content of simsim (62.76%) was in the range reported by
Salunkhe et al. (1992). However, the crude fibre and ash
contents were slightly higher than in original samples as
by Salunkhe et al. (1992) while moisture (1.51%) and
protein content (20.80%) were lower than those
reported by Salunkhe et al. (1992), of 4.1% and 22.1%
respectively, because simsim was subjected to roasting at
170°C for about 25 min before grinding. This possibly
reduced moisture content of simsim and caused loss of
some proteins. The protein (36.97%), moisture (5.11%),
fat (21.07%), ash (5.80%) and fibre (2.10%) contents of
soybean, were in the ranges reported by Salunkhe et al.
(1992).

Pasting viscosity of flours

The results showed pre-gelatinised and extruded flours as
the most restricted in their swelling (Table 3). Muranga
(1998) noted that the peak viscosity values are an
indicator of the ease of swelling by the starch granules
with a low peak value reflecting restricted swelling
(reduced bulk). Extrusion, however, was found to be the
preeminent processing technology in reducing bulk and
consequently increasing energy density of the processed
flour. Trough and end viscosities also showed a similar
trend. Soy and simsim flours exhibited zero viscosities.

Composition

Flour Moisture content (g) Crude fat (g) Crude protein (g) Gross energy (kcal) Fibre (g) Total ash (g)
Unprocessed Banana 8.06° 0.72° 4.05° 365.007 2.88? 3.367
Pre-gelatinised Banana 7.00° 0.80° 5.07° 372.67° 3.57° 4.30°
Extruded Banana 7.49° 0.83° 5.76° 404.33° 2.87° 5.76°
LSD 0.18 0.02 0.08 1.88 0.02 0.02
Means within a column with the same alphabets (superscript in position) are not significantly different (P < 0.05).
Table 2 Nutrient and energy content of processed soybean and simsim per 100 g

Composition
Flour Moisture content (g) Crude fat (g) Crude protein (g) Gross energy (kcal) Fibre (g) Total ash (g)
Extruded Soybean 5.11° 21.07° 36.97° 521.67° 2.10° 5.80°
Dehulled simsim 1.51° 62.76° 20.80° 740.00° 6.05° 4.40°
LSD 0.17 0.44 0.04 1.85 0.03 1.26

Means within a column with the same alphabets (superscript in position) are not significantly different (P < 0.05).
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Table 3 Pasting viscosity of banana flours using RVA

Viscosity (RVU units)

Code Peak Trough End viscosity
Unprocessed banana 330.37 196.50 255.50
Pre-gelatinised Banana 106.10 92.00 149.00
Extruded banana 16.00 0.00 2.00

t 3.23 3.37 3.69
P-value 0.012 0.010 0.006
Discussion

The prevalence of stunting in children below 5 years in
East Africa averages about 48% (Girma & Timotiows,
2002), which is among the highest in the world.
Malnutrition in children results in growth retardation,
limited intellectual abilities that diminish their working
capacity during adulthood, decreased resistance to
disease and infections and ultimately, ill health and
death (Kikafunda er al., 1998; Ssewanyana, 2003).
Health costs to the nation and the families plus the
time the mother spends attending to a sick child are
enormous. In Uganda, infant mortality rates (IMR) and
childhood mortality rates (CMR) are high, estimated at
88 and 152 deaths, respectively per 1000 live births
(Uganda Demographic Health Survey (UDHS),
2000/2001). According to Uganda Bureau of Statistics
(UBOS), ORC Macro and USAID. (2001), 34% of all
deaths that occur before 5 years of age in Uganda are
related to malnutrition (moderate—severe malnutrition).

Findings from the Uganda Demographic and Health
Survey (2000/2001) showed that 39% of children under
5 years of age (0-59 months) are chronically malnour-
ished (stunted). The proportion of children who are
stunted is almost 20 times the level expected in a healthy
and well-nourished population. Acute malnutrition
manifested by wasting results in a child being too thin
for his or her height. It affects 4% of children, which is
twice the level expected in a healthy population.
Twenty-three percent of children under 5 years of age
are underweight for their age, more than 11 times the
level expected in a healthy, well-nourished population.

Feeding practices, such as time of introduction and
type of complementary food, quality and quantity of
foods given, have been identified as one of the most
important factors for the child’s nutritional status.
Kikafunda et al. (1998) found that children who were
fed foods of low energy density (kcal/100 g dry matter)
had greater incidence of stunting. Another study among
children in Kenya, aged 12-36 months, found that
dietary diversity was strongly and consistently related
to nutritional status and early complementation with
starchy gruels was associated with stunting (Onyango
et al., 1998).
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A study in Uganda further revealed that while breast-
feeding was universal at birth, early weaning with
watery, energy and nutrient poor staples was widespread
in rural area (Kikafunda et al., 2003). It was noted that
weaning foods were dominated by the green cooked
banana (matooke) which is known to be bulky with low
nutrient content. In the same study, consumption of
animal protein, fruit and vegetables was found to be
very low among children, a possible risk factor for the
high levels of malnutrition among children under
5 years. Mafara (1994), noted that the high incidence
of protein energy malnutrition among infants weaned
on cooking banana are attributed to the bulkiness of the
protein deficient ‘matooke’ which makes it difficult for
children to eat enough to satisfy their daily nutrient and
energy requirements. Findings of the current study
revealed that energy density of gruels prepared for
infant feeding can therefore be increased by reduction of
their viscosity through extrusion cooking or pre-gela-
tinisation. Savage & Burgess (1993) noted that the bulk
problem can be overcome by changing the starch
through pre-gelatinisation and enriching the pre-gela-
tinised food.

It has been shown that extrusion processing of
bananas results in greater retention of aroma and
better control over starch gelatinisation (Muranga,
1998 and Muranga & Mavenjina, 2001). Extrusion
cooking is quite effective in modifying the starch
granules because of the action of high temperatures at
high pressure. Modification of the starch granules
reduces their water binding and gelatinisation capacity
thus reducing viscosity (Kikafunda, 1996). Similar to
earlier studies on starch staples, the current study
revealed that extrusion cooking is a more efficient
method to achieve banana starch modification com-
pared to pre-gelatinisation.

Hui (1992) and Muranga (1998) concluded that, there
is degradation of the starch macromolecules after
extrusion cooking. The low viscosity of the extruded
banana flours and its blends are therefore attributed to
macromolecular degradation and expansion of banana
starch. It was reported that starch molecular degrada-
tion is mainly a consequence of low moisture content
and high shear resulting from high screw speed (Mu-
ranga, 1998). However, it should be noted that other
than starch gelatinisation and protein denaturation,
many other changes occur during the extrusion process,
such as non-enzymic browning affecting the quality of
the final product (Hui, 1992).

Therefore, by reducing the extent to which pastes
thicken, extrusion cooking and pre-gelatinisation facil-
itate increase in energy and nutrient density, since higher
levels of solids may be added during the preparation of
gruels (Colonna et al., 1984; Opendi & Muyonga, 1999).
It was noted that starch pre-gelatinisation reduces the
ability of starch molecules to swell, which is part of the
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mechanism behind viscosity increase during heating of
starchy pastes.

Studies show that legumes complement each other so
that the nutritional value of the mixture is greater than
that of either ingredient (Muranga, 1992; Lusas & Riaz,
1995; Tchango, 1995; Malleshi et al., 1996; Mosha &
Vicent, 2004). Incorporation of soybean and simsim
flours in banana-based flour will improve the nutritive
value in particular methionine and lysine content to that
which will be of significance in weaning diets. These
formulations will address questions on what to wean
with, an issue which though of great importance in
Uganda, has not received adequate scientific attention.

Conclusion

Pre-gelatinisation and extrusion cooking significantly
raised energy content of wunprocessed banana
(3.65kcal g7') to 3.73 kcal g7' and 4.04 kcal g™
respectively, however, extrusion was more efficient. Our
study reveals that extrusion cooking can be used to
improve the energy content of cooking bananas and also
to reduce significantly its bulkiness accordingly, improv-
ing the energy and nutrient availability of weaning foods
in banana eating cultures like Uganda. Shelf-life and
acceptability trials of the extruded banana samples and
incorporation of protein rich flours in particular those of
simsim and soybean to enhance protein quality and
quantity of the final product is recommended.
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