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Abstract: In order to test the effect of commonly used traditional sun-drying surfaces on some qualities of the product, four
traditional sun drying surfaces; wooden, corrugated iron sheet, rock and cement surfaces were used to sundry unripe plantain.
The sundried samples were milled to flours. Functional, pasting properties and microbial loads of the resulting flours were
determined using standard methods. Values of the functional properties determined except bulk density (packed) and solubility
were higher in the rock followed by samples dried on cement surface compare to others. Functional properties except oil
absorption and solubility generally improved with storage. Pasting property shows that, samples dried on the rock followed by
samples dried on cement surface had the highest values in terms of peak viscosity, trough and final viscosity. There was no
significant difference (P>0.05) in breakdown and pasting temperature. Results of the microbial loads monitored for a period of
two months show that at the initial stage, flours of samples sundried on rock had the highest microbial growth while samples
dried on corrugated iron had the lowest. There was no significant difference (P>0.05) in others. There was increase in
microbial loads of samples dried on rock and corrugated iron but decreased in others after one month of storage. After storing
for a period of two months, microbial loads of samples dried on the rock and cemented surfaces increased while no growth was
recorded for samples from wooden and corrugated iron. The report from this research work revealed that rock and cemented
surfaces are recommended for sun drying unripe plantain for better functionality of the flour while wood and corrugated iron
surfaces are recommended based on microbial load for better storability.
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which can be reconstituted to form paste or stiff dough that is
eaten with soup by the consumers [5-7].

However, unripe plantains are abundant at a particular
period when it is in season and are scarce when they are out
of season. Due to the fact that plantains are highly perishable
after harvest, drying is a common practice for preserving
them, in order to make them available throughout the year

1. Introduction

Plantain belongs to the Musacace family and is cultivated
in many tropics and subtropical countries of the world. It
ranks third after yam and cassava for sustainability in Nigeria
[1]. Tt can either be consumed unripe (roasted, boiled or
processed into flour or ripe (eaten fresh or fried) and the

nutritional value of unripe plantain makes it stand out as a (8] ) )
very important addition to a healthy living diet plan. Sun, oven and solar drying are the popular drying methods

Unripe plantain meal is usually consumed by Nigeria ~Pecing practice [9, 10]. The most popular drying method being
diabetics to reduce postprandial glucose level [2, 3]. [4] also  Practice in Nigeria is sun drying due to its simplicity [11, 12].
stated that, unripe plantain flour is used by the traditional The slices of unripe fruits are normally spread out on
medical practitioners in Nigeria in the dietary management of ~ 0amboo frame works or on bare patches of earth, roofs, stone
diabetes mellitus and other disease conditions. and crops or on sheets of corrugated iron [13].

The meal process involved drying and blending into flour .\./ari(.)us studies haYe be.en done on the processing and
utilization of plantain in various forms [14-16].
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The effect of sun drying surfaces on the functional
properties and storability of cowpea (Vigna uguiculata) seed
have been investigated [11, 12] and the result shows
significant effect of the sun drying surfaces examined on the
properties of cowpea evaluated.

However, there is little or no well documented report on
the effect of sun drying surfaces on the properties of unripe
plantain products. Therefore, the main objective of this study
was to investigate the effect of different sun drying surfaces
on the functional properties and microbial loads of unripe
plantain flour.

2. Material and Method
2.1. Source of Material

The unripe plantain was sourced from Lafenwa market, the
polythene was sourced from Panseke market while the
sodium benzoate was sourced from the Biochemical
Laboratory of Food Technology Department, Moshood
Abiola Polytechnic all in Abeokuta, Ogun State, Nigeria.

2.2. Methodology

2.2.1. Preparation of Unripe Plantain

It consists of peeling the skin with knife and then the pulp
was sliced to the thickness of (5mm) using vennier caliper
into sodium benzoate water in order to prevent browning of
the pulp. The water was drained out of the pulp with the use
of a sieve and the whole sliced pulp was divided into four
portions of constant weight [17].

2.2.2. Sundrying of Unripe Plantain

The methods of [11, 12] was adopted with little
modification for sun drying. The methods include; corrugated
iron sheet, cemented pavement, wooden surface and rock.
The sliced pulp of the unripe plantain was dried on four
different surfaces. The first portion of the sliced pulp was
spread on low density polythene which was then placed on
the rock. The second portion of the sliced pulp was spread on
low density polythene and then spread on cemented surface.
The third portion of the pulp was spread on a low density
polythene before it was been placed on the corrugated iron
sheet while the fourth portion of the pulp was also spread on
a low density polythene before it was been placed on the
wood surface. All were spread between the hours of 10am
and 4:30pm for five (5) days to dry to breakage and
crispness.

2.2.3. Production of Unripe Plantain Flour

The method of [17] was used for the production of the
unripe plantain flour. The dried crispy pulp was grounded
using Attrition mill. The plantain flour was allowed to cool,
packaged in polythene and labeled accordingly.

2.2.4. Storage of Unripe Plantain Flour

The sundried packaged unripe plantain flour was stored at
room temperature and was analyzed at the initial stage, stored
and then analyzed each month for the period of two (2)

months.
2.3. Analysis of Samples

2.3.1. Determination of Functional and Pasting Properties

The Water absorption capacity was determined according
to the method of [18]. The result was expressed as a
percentage of water absorbed by the flours on dry weight
basis. (Density of water was assumed to be 1 g/ml). The
method described by [19] was used to determine the swelling
capacity while the solubility was calculated after the
determination of swelling capacity as per 100g of starch on
dry basis. 5 ml of aliquot of the supernatant was dried to a
constant weight at 120°C. The residue obtained after drying
represents the amount of starch solubilized in water using the
method of [19]. The procedure of [20] was used to determine
the bulk density (packed and loosed) of the plantain flour.
The Least gelation concentration was determined using the
method of [21]. It was taken as the least concentration when
the sample from the inverted test tube did not fall or slip. Oil
absorption capacity was also determined using the method of
[22]. Pasting properties was determined with Rapid viscous
analyzer as adopted by [23].

2.3.2. Determination of Microbial Loads

The sample was thoroughly mixed in order to have
microorganism evenly distributed. 1.0g of sample was
homogenized in 9.0ml sterile 0.1% peptone water for secs.
(normal speed). This was serially diluted in sterile peptone
water according to [24]. Serial ten fold dilutions of the
bacterial suspension over a range were prepared. One
dilution contain between 50 and 500 viable bacterial per ml.
9 ml of buffered saline was added to the 1* tube and 1ml of
the dilute buffered saline was added to the 2™ tube till the
last (6™) tube. 1ml of the bacterial suspension was also added
into the test tube which was also mixed continuously till it
gets to the 6™ tube, then 1ml is discarded. This gives a
dilution of /1, '/20, /40, '/s0» /160, /320- 1ml each dilution was
pipette into sterile Petri-dishes and nutrient agar was poured
over it. All media and dilutions used were sterile at the
temperature of 121°C and pressure of 1.02 kgcm'1 by
autoclaving. The total plate count was done by plating 1ml
aliquot samples on plate count agar (PCA) and incubating at
30°C for 48h [24].

2.4. Statistical Analysis

Analyses were done in triplicates and the mean value
determined in each case. Data obtained were subjected to
appropriate statistical analysis (SPSS 16.0) and the means
were separated by Duncan Multiple Range Test where
significant difference occurs.

3. Result and Discussion

3.1. Result and Discussion on the Functional Properties of
the Plantain Flours

The result of the functional properties of the plantain
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flours is as shown in table (1). Oil Absorption Capacity
(OACQ) indicates the ability of a flour to retain flavor and
improve mouth feel [25]. OAC has been attributed to be due
to physical entrapment of oil and the binding of fat to the
polar chains of protein. [25] reported that more hydrophobic
proteins show superior binding of lipids. Therefore, the lower
OAC of the sample dried on the Rock, corrugated iron and
wood may be due to the fact that the sample dried on the
cemented surface (CS) (with a higher OAC) has more
available non-polar side chains in its protein molecules than
samples dried on the other surfaces and it’s implies that the
sample dried on the cemented surface will be able to retain
more flavor and probably have a better mouth feel compared
to the others.

According to [26], Water Absorption Capacity (WAC) is
the ability of a product to associate with water under a
condition where water is limiting. However, the higher WAC
of the sample dried on the cemented surface compared to the
sample dried on rock, corrugated iron and wood shows that it
will make the sample dried on the cemented surface to absorb
and bind more water.

Result of the least gelation capacity shows that the samples
dried on the rock, cemented surface and corrugated iron are
lower while the sample dried on the wood has the highest
least gelation capacity (table 1).

Table 1. Functional Properties of Flours of Unripe Plantain Dried on
different Sun drying Surfaces at the Initial Stage.

impacting characteristics such as body, thickening and
increase in viscosity to foods. This implies that among this
flour the samples dried on the rock followed by the cemented
surface with the highest swelling capacity will produce a
think viscous meal compared to others.

Solubility index is the amount of water soluble solids per
unit weight of the sample. Solubility is an index of protein
functionality such as denaturation and its potential
applications. [28] stated that the higher the solubility,
functionalities of the protein in a food. The sample dried on
the wood has the highest solubility which shows that the
protein is higher in functionalities than the others.

After storage the oil absorption capacity of the result
shown at table 2 indicate that the sample dried in the
cemented surface still has the highest oil absorption capacity
which implies that the flour will be able to retain more
flavour and probably have a better mouth feel compared to
others after storage. The water absorption capacity also
shows that sample dried on the cemented surface had the
highest WAC even after storage which implies that the flour
would be able to absorb and bind more water than others.
The lower values recorded for others may have been due to
reduction in the active sites capable of imbibing water due to
the denaturation of protein.

Table 2. Functional Properties of Flours of Unripe Plantain Dried on
different Sun drying Surfaces after Storage.

Parameters A B C D

0il Absorption Capacity% 21.00°  25.00°  22.00°  24.00°
Water Absorption Capacity% ~ 13.00°  17.00°  12.00° 11.00°
Least Gelation Capacity% 0.60° 0.60° 0.60° 0.80°
Bulk Density (Packed) g/ml 0.55¢ 0.56° 0.59° 0.54¢
Bulk Density (loose) g/ml 0.46 045  0.44° 0.41°
Swelling Capacity% 195.52° 187.48° 150.32°  151.28°
Solubility% 3.00° 3.65° 5.88" 7.16"

Parameters A B C D

il Absorption Capacity% 17.00"  18.00° 16.50®  16.00°
Water Absorption Capacity% 19.00°  20.00° 19.50° 19.00?
Least Gelation capacity% 0.80° 0.80° 0.80° 0.80°
Bulk Density (Packed) g/ml 0.63° 0.66 0.64° 0.64°
Bulk Density (loose) g/ml 0.48° 0.41° 0.42¢ 0.43°
Swelling Capacity% 179.64°  213.56*  173.48° 134.52¢
Solubility% 1.80° 1.40° 1.24¢ 3.04"

Each value is a mean of triplicate determinations.
Data in same row with the same superscripts are not significantly different
(P>0.05)

The bulk density (packed) shows that the sample dried on
the corrugated iron was significantly higher than other
samples dried on the rock, cemented surface and wood and
the bulk density (loose) shows that the sample dried on the
rock was significantly higher than the other samples. The
bulk density is important in the packaging requirement and
material handling of flour [27]. The loose packed density is
related to the bulk density, the higher the loose pack density
the higher the packed bulk density. A large free space is
undesirable in packaging of foods because it constitute a
large oxygen reservoir where as a low loose bulk density and
lower bulk density result in greater oxygen transmission in
the packed food [27]. Therefore it shows that the low bulk
density of the unripe plantain dried on the cemented surface,
corrugated iron and wood will enhance their packaging.

Swelling capacity refers to the expansion accompanying
spontaneous uptake of solvent. According to [25], swelling
causes changes in hydrodynamic properties of the food thus

Each value is a mean of triplicate determinations.
Data in same row with same superscripts are not significantly different
(P>0.05)

The bulk density (packed) after storage shows that the
sample dried on the cemented surface is higher than the other
samples dried on the wood, corrugated iron and rock which
suggest the suitability of flour with high bulk density for use
in food preparations. On contrast, low bulk density would be
an advantage in the formulation of complementary foods
[29]. Meanwhile, the bulk density (loose) show that the
sample dried on the rock is higher than the other samples.
Therefore it shows that the low loose bulk density of the
samples dried on the cemented surface, corrugated iron and
wood will enhance their packaging. The least gelation
capacity of the result after storage shows that the samples
dried on the four surfaces did not show any significant
differences.

After storage the swelling capacity indicate that the sample
dried on the cemented surface has the highest swelling
capacity, therefore this implies that the flour will produce a
thick viscous flour meal compared to others.

Solubility after storage shows that the sample dried on the
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wood has the highest solubility which shows that the protein
is higher in functionalities than the others.

The result of the pasting properties of the plantain flours is
as shown in table 3. Peak viscosity is often correlated with
the final product quality. It is the ability of starch to swell
freely before their physical breakdown [30] and measures the
ability of the paste to break down during cooking. It also
provides an indication of the viscous load likely to be
encountered during mixing [31, 32]. The sample dried on the
rock has the highest peak viscosity compared with other
samples dried on the cemented surface, corrugated iron and
wood.

Table 3. Pasting Properties of Flours of Unripe Plantain Dried on different
Sun drying Surfaces.

Parameters A B C D

Peak Viscosity RVU 3289.50* 2992.00°  2557.00° 2785.00°
Trough RVU 3065.50* 2832.50°  2395.00°  2574.00°
Breakdown RVU 224.00*  159.50°  162.00°  210.50°
Final Viscosity RVU 4170.50° 3824.50°  3133.50¢ 3515.00°
Set Back RVU 1105.80°  992.00° 738.50° 940.50°
Peak Time (minutes) 6.57" 6.60" 6.10° 6.50°
Pasting Temperature (°C)  83.60° 83.50° 84.00° 83.98°

RVU= Rapid viscosity units

Each value is a mean of duplicate determinations

Data in same row with same superscripts are not significantly different
(P>0.05)

Note: Sample A — Flour from Unripe plantain sundried on the Rock

Sample B — Flour from Unripe plantain sundried on Cemented Surface
Sample C — Flour from Unripe plantain sundried on Corrugated Iron Sheet
Sample D — Flour from Unripe plantain sundried on the Wood

All packaged in polythene

Trough is the minimum viscosity value in the constant
temperature phase or the RVA profile and it measures the
ability of paste to withstand breakdown during cooling [30].
The sample dried on the rock has the highest Trough than the
other samples dried on the cemented surface, corrugated iron
and wood. Meanwhile, there was no significant difference
(P>0.05) between the four samples dried on different
surfaces in terms of breakdown viscosities. The breakdown is
regarded as a measure of the degree of disintegration of
granules or paste stability [33, 34]. The lower the value, the
more stable is the starch gel. Therefore, the starch gel of the
sample dried on the cemented surface with the lowest
breakdown value (159.50RVU) will be more stable compared
to others.

In the final viscosity of the sample dried on the rock has
the highest value than the other samples dried on the
corrugated iron, cemented surface and wood.

The setback viscosity indicates the tendency of the dough
to undergo retrogradation, a phenomenon that causes the
dough to become firmer and increasingly resistant to enzyme
attack [35]. The higher the setback value, the lower the
retrogradation during cooling and the lower the staling rate of
product made from the flour [36]. The sample dried on the
rock has the highest setback than the samples dried on the
corrugated iron, cemented surface and wood. Samples with
low set back value indicate that the flour meal on cooking

will not be a cohesive meal.

Pasting temperature is a measure of the minimum
temperature required to cook a given food sample [37]. There
is no significant difference between the flour samples dried
on different surfaces.

Peak time is a measure of the cooking time [30]. The
sample dried on the rock has the highest peak time than the
sample dried on the corrugated iron, cemented surface and
wood. Which indicate that a longer time may be needed for
cooking to require consistency.

3.2. Result of the Microbial Load of Flour Produced from
Unripe Plantain Pulp Dried on Different Sun Drying
Surfaces

The result of the microbial load of the microbial load of
the plantain flour is as shown in table 4. At the initial month,
the microbial load recorded between 3.8 x 10%cfu /g and 4.0 x
10°cfu/g. The flour of the unripe plantain pulp sundried on
the rock had the highest microbial load while the one
sundried on the corrugated iron sheet had the lowest.
Meanwhile the microbial load recorded after one month of
storage period ranges between 1.75 x 10%cfu/g to 9.6 x
10°cfu/g with the flour of the unripe plantain pulp sundried
on the rock having the highest microbial load while the one
sundried on the cemented surface had the lowest. Meanwhile
microbial load recorded after two months of storage ranges
between 0 cfu/g and 1.28 x 10%fu/g. The sample sundried on
the rock had the highest microbial load followed by the
sample sundried on the cemented surface whereas samples
sundried on the corrugated iron sheet and wooden surface
had no growth.

Table 4. Total Plate Count of Flours of Unripe Plantain Dried on different
Sun drying Surfaces.

Sample 0 (month) cfu/g  (1* month) cfu/g (2" month) cfu/g
A 40x10° 9.6x10° 1.3x10°

B 1.8x10° 1.8x10* 48x10°

C 3.8x10* 1.8x10° Nil

D 1.8x10° 1.8x10* Nil

Note: Sample A — Unripe plantain sundried on the Rock
Sample B — Unripe plantain sundried on Cemented Surface
Sample C — Unripe plantain sundried on Corrugated Iron Sheet
Sample D — Unripe plantain sundried on the Wood

All packaged in polythene

Preservation of food by sun drying is a common practice in
different parts of the world and it is used to extend the shelf
life of food. Drying allows food to be preserved by removing
the moisture in the food, in order to prevent the growth of
microorganisms that causes deterioration [10]. The result of
this research shows that unripe plantain sundried on the rock
had the highest microbial growth. The factors that can affect
the microbial growth include; biological factor e.g. Lizard,
flies, goat, handling of plantain and microorganisms in the
air. The next to the sample dried on the rock in terms of
microbial growth was that of the flour samples dried on the
cemented surface. The sample sundried on the wooden
surface and corrugated iron sheet had no growth. The values
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(10* — 106cfu/g) obtained from unripe plantain sundried on
the four different surfaces were within acceptable limit when
compared with the international standard recommended, limit
of bacteria contaminant for food (<10°cfu/g) as stated by
[38]. However, wooden surface and corrugated iron sheet are
the most preferred sun drying surfaces for drying unripe
plantain since they show to have the lowest microbial growth
even after storage.

4. Conclusion

This study revealed that the drying of unripe plantain on
different surfaces affected some of the functional properties
of the flour even up to storage level. Cemented surface shows
to be more effective among the sun drying surfaces in terms
of the oil absorption capacity, water absorption capacity, bulk
density (packed) and swelling capacity of the unripe plantain
flours even after storage. The pasting properties show that the
Rock is more effective in terms of the peak viscosity, trough,
final viscosity and breakdown of the unripe plantain flour.

Wooden surfaces and corrugated iron sheet seems to be the
most effective sun-drying surfaces for unripe plantain based
on the microbial qualities of the flours from the dried
products.

I hereby recommend cemented surface followed by rock
surface for sun drying unripe plantain for better functionality
of flour. While corrugated iron sheet and wooden surface for
sun drying the unripe plantain due to low level of microbial
growth after storage compared with the unripe plantain
sundried on the rock which had the highest microbial growth.

Further investigation should therefore be done on other sun
drying surfaces, the effect of these surfaces on other food
produce and the months of storage could be extended.
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