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INTRODUCTION

Plantain (Musa parasidiaca) is an important staple food in
Central and West Africa (Stover and Simmonds, 1987)
which along with bananas provide 60 million people with
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Abbreviations: UBP, Un-blanched plantain; IITA, institute of
tropical agriculture; RVA, rapid visco analyzer; DMRT, Duncan’s
new multiple range test; ANOVA, analysis of variance.

25% of the calories (Wilson, 1987). Nigeria produces
about 2.11 million metric tonnes annually (FAO, 2004).
However, about 35 to 60% post harvest losses had been
reported and attributed to lack of storage facilities and
inappropriate technologies for food processing (Olorunda
and Adelusola, 1997). When processed into flour, it is
used traditionally for the preparation of gruel which is
made by mixing the flour with appropriate quantities of
boiling water to form a thick paste (Mepba et al., 2007).
Pere—Sira (1997) had also indicated the use of plantain
flour as a component of baby food. Processing of
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plantains into flour is limited as most plantain foods are
eaten as boiled, fried or roasted (Tortoe et al., 2008).
Essential in determining potential uses for plantain flour is
the identification of its functional properties. Functional
properties of plantain flour in baker products have being
reported by Ogazi (1986); Gwanfogbe et al. (1988).

Pasting properties is an important index in determining
the cooking and baking qualities of flour. Studies have
been conducted on the pasting properties of plantain soy
flour mixes (Abioye et al., 2006). The important
component of pasting properties of starch is associated
with a cohesive paste and has been reported (Oduro et
al., 2000) to be significantly present in domestic products
such as pounded yam, which requires high setback, high
viscosity and high paste stability (Oduro et al., 2000).
These studies were done using plantain flour from the
healthy green (unripe) plantain fruits. Studies have shown
that plantain, like other fruits, is susceptible to browning
when pulp is sliced. The browning potential of various
fruits and vegetables has been shown to be directly
related to the ascorbic acid level, polyphenol oxidase
activity (Golan et al.,, 1977). Therefore, dehydration
methods such as hot-air blanching and osmo-dehydration
are employed to remove water and limit enzymatic and
non-enzymatic browning in foods. This study is therefore
aimed at providing information on the effects of varying
the blanching temperature on physicochemical, pasting
and sensory properties of plantain flour.

MATERIALS AND METHODS

Mature green and healthy plantain (Musa, AAB group) bunches
were obtained from the International Institute of Tropical Agriculture
(IITA), Oyo Road, Ibadan state, Nigeria. All reagents used were of
analytical grade.

Preparation of plantain flour

The fruits fingers were processed in the laboratory of the
Department of Food Science and Technology, Federal University of
Technology, Akure, Nigeria; at green (unripe) stages. The fingers
were washed, hand-peeled and manually sliced into cylindrical
pieces of 2 mm thickness. Blanching was carried out on the sliced
samples in hot water at 60, 80 and 100<C for 10 min and dried in
the air oven at 65T (24 h), while the un-blanched samples
(Control) were also dried using the air oven at the same
temperature of 65C for 24 h (Baiyeri and Ortiz, 2000). The
dehydrated products were milled using a disc attrition mill (Agrico
Model 2A, New Delhi, India) to obtain the flour followed by sieving
to produce flour which passed through a 500 pm screen. The
plantain flour obtained was packaged in polyethylene bags labeled
and stored at room temperature for further analysis. The flours were
coded as follows: PBgy = Plantain blanched at 60C, PBgy, =
Plantain blanched at 80C, PB 10 = Plantain blanched at 100C,
UBP,, = Un-blanched Plantain (Control). The proximate
composition was determined using AOAC (1990) procedures. The
samples were also evaluated for functional properties such as
water and oil absorption, emulsion capacity as described by Sathe
et al. (1982), emulsion stability as described by Beuchat (1977) and
the bulk density as described by Narayana and Narasinga (1984).

The modified procedure of Coffman and Garcia (1977) was used
to determine least gelation concentration. Swelling power and
solubility were determined according by Leach et al. (1957). The
pasting properties were assessed in a Rapid Visco Analyser (RVA-
4) using the RVA General Pasting Method (Newport Scientific Pty
Limited, Warriewood, Australia). The sample was turned into slurry
by mixing 3 g (14% moisture basis) with 25 ml of water inside the
RVA test canister which was then lowered into the system (Newport
Scientific, 1998). The slurry was heated from 50 to 95T and cooled
back to 50T within 12 min, rotating the can at a sp eed of 160 rpm
with continuous stirring of the content with a plastic paddle.
Parameters estimated were peak viscosity, setback viscosity, final
viscosity, pasting temperature and time to reach peak viscosity. A
total of 20 member panelists drawn from Federal University of
Technology, Akure, Nigeria in Food Science and Technology
Department, assessed the sensory qualities of the reconstituted
plantain flour known as “amala” in the South Western part of
Nigeria. The sensory quality of “amala” made from each flour
sample was measured on a standard nine-point hedonic scale. The
panelists rated the amala samples for colour, taste and texture on a
scale varying from 1 = dislike extremely to 9 = like extremely
(Larmond, 1982). All the experiments were conducted in triplicates
and the mean +* standard deviation were reported. Data were
subjected to analysis of variance (ANOVA) and the means
separated by Duncan’s New Multiple Range test (DMRT) at a
significance level of 0.05

RESULTS AND DISCUSSION
Proximate composition

The proximate composition of the blanched samples and
the control are presented in Table 1. Blanching at 60,
80and 100< all had significant lower moisture cont ents
(P < 0.05) compared to the un-blanched (Control 8.63%).
The lower moisture content of the blanched samples
tends to suggest that blanching aids the rate of drying of
the plantain chips pulverized into flour. The high value of
the Control moisture content of the un-blanched Control
is still within an acceptable limit for a stable shelf life as
reported by Kayisu et al. (1981). The protein content of
the blanched samples were generally lower than that of
the control UPBco. It reduced from 5.59% in the control
sample to a range of 3.25 to 3.91% in the sample
blanched samples. The higher the blanching tempera-
ture, the lower the protein content of the flour. The
implication of this could be that some of the protein is
either leached or denatured by the blanching process and
duration. This was contrary to the observation of Fagbemi
(1999) who reported that blanching had no effect on the
protein content of the plantain flour. The least protein
content was still within the range of values for plantain
flour (2.0 to 2.7%) reported by Izonfuo and Omuaru
(1988). The ash content of the blanched samples was
significantly lower (P < 0.05) than the un-blanched
Control. Increase in temperature resulted in a decrease in
the ash content. As the blanching temperature increases,
the fat content reduced (Table 1). The lower level of fat in
the blanched samples gave a higher probability of a
longer shelf-life in terms of the onset of rancidity
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Table 1. Proximate composition of plantain (Musa parasidiaca) flour blanched at 60, 80 and 100C and un-blanched c ontrol

sample (UBPco) (%db).

Parameters UBP co PBgo PBgo PB1go

Moisture (%) 8.63+0.05% 6.70£0.04° 6.54+0.06" 6.41+0.03"
Protein (%) 5.59+0.04° 3.91+0.07° 3.4240.09° 3.15+0.06°
Ash (%) 2.9340.07° 2.58+0.03" 2.2840.02° 2.19+0.10°
Fat (%) 2.63+0.03° 2.54+0.05° 2.41+0.06" 2.2440.01°
Total crude fibre (%) 4.27+0.06° 2.45+0.03" 2.27+0.03° 2.17+0.05°
Carbohydrate (%) 84.51+0.06" 88.51+0.04° 89.62+0.13% 90.22+0.05%

Energy (K cal) 384.33+0.15"

392.79+0.29°

394.0940.27° 393.8640.64°

UPBco = Un-blanched plantain (Control), PBg, = Plantain blanched at 60T for 10 min, PB g, = Plantain blanched at 80°C for 10 min

and PBsgo = Plantain blanched at 100C for 10 min.

Table 2. Functional properties of plantain (Musa parasidiaca) flour blanched at 60, 80and 100C and un-blanched control

sample (UBPco).

Parameters UBP co PBeo PBsgo PB10o
Water absorption capacity (%) 124.50+4.50° 118.50+0.50" 123.50+0.50° 125.50+0.50%
Oil absorption capacity (%) 108.50+4.5% 111.50+0.5% 112.50+0.5% 112.50+0.5%
Bulk density (g/ml) 0.420+0.07% 0.194+0.08" 0.164+0.08™ 0.159+0.07°
Emulsion stability (%) 41.27+0.51? 26.82+0.50" 20.04+0.29° 12.03+0.07¢
Emulsion capacity (%) 39.84+0.19% 30.45+0.72" 25.00+0.11° 17.86+0.17¢
Swelling power (%) 48.09+0.23% 39.98+0.12" 38.47+2.61° 38.19+0.33"
Solubility (%) 5.89+0.33% 4.77+0.04° 4.59+0.07° 4.14+0.07°
Least gelation concentration (%) 2.00+0.00° 3.00+0.00% 4.00+0.00" 6.00+0.00%

UPBco = Un-blanched Plantain (Control), PBg, = Plantain blanched at 60C for 10 min, PB g = Plantain blanched at 80C for 10 min

and PB;qo = Plantain blanched at 100C for 10 min.

(lhekoronye and Ngoddy, 1985). The crude fibre of the
treated samples was not significantly different (P > 0.05)
from each other. But all treatment results were
significantly lower than that of the un-blanched Control
sample which was 4.27%. The caloric value of the
blanched samples at the three temperatures were
significantly (P > 0.05) higher than the un-blanched
Control sample but the caloric values of the treated
samples were not significantly different from each other.

Functional properties

The functional properties of the plantain flours are as
shown in Table 2. The water absorption capacity of all the
treated samples ranged between 118.50 to 125.50%) for
the blanched samples and 125.50% for the control with
no significant difference among the treated samples for
each temperature chosen at 10 min (P > 0.05). Also there
was no significant difference in the oil absorption capacity
between the blanched and un-blanched samples.
According to Fagbemi (1999) the high oil absorption
capacity of the samples suggests that they may be useful
in food preparations that involve oil mixing like in bakery
products where oil is an important ingredient,

nonetheless, the values were still lower than the fluted
pumpkin seed flour, 142% (Fagbemi and Oshodi, 1991).
Blanching resulted in a decrease in the bulk density of
the plantain flour, with the control maintaining highest
density. This is contrary to a report made by Tagodoe
and Nip (1994) which showed that bulk density increased
as a result of heat treatment of flour prior to drying. The
emulsion capacity and stability of the blanched samples
were generally lower for the blanched samples than the
un-blanched Control sample, decreasing with increasing
heat. This could be as a result of heat of blanching as
reported by Fagbemi (1999).

Pasting properties

The pasting properties of the plantain flours are as shown
in Table 3. Peak viscosity, which is the maximum
viscosity, developed during or soon after the heating
portion of the pasting test (Newport Scientific, 1998), is
lower for the blanched samples and highest for the
control sample. Peak viscosity is often correlated with the
final product quality. It also provides an indication of the
viscous load likely to be encountered during mixing
(Maziya-Dixon et al., 2004). Higher swelling index is
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Table 3. Pasting properties of plantain (Musa parasidiaca) flour at 60, 80 and 100°C and un-blanched control sample (UBPco).

Parameters UBP co

PBeo PBsgo PB1oo

543.42+0.20%
325.750.32?2
217.67+0.51°
409.33+0.10%

Peak Viscosity (RVU)
Trough (RVU)
Breakdown (RVU)
Final Viscosity (RVU)

Setback (RVU) 83.58+0.22"
Peak time (minutes) 4.52+0.01°
Pasting temperature (°C) 81.80+0.10%

511.92+0.01°
304.67+0.01°
207.25+0.02°
407.7520.03%

410.0+0.56°¢
248.92+0.04°
161.08+0.52°
320.42+0.10°

414.08+0.56°
276.92+4.60°
137.1645.16"
366.50+0.21°

103.08+0.02% 89.58+4.39" 71.50+0.06°
4.53+0.01° 4.67+0.00% 4.56+0.05"
79.93+0.03° 81.20+0.4° 81.32+0.34%

UPBco = Un-blanched Plantain (Control), PBs, = Plantain blanched at 60°C for 10 min, PBg, = Plantain blanched at 80°C for 10 min and

PB1go = Plantain blanched at 100°C for 10 min.

indicative of higher peak viscosity while higher solubility,
as a result of starch degradation or dextrinization results
in reduced paste viscosity (Shittu et al., 2001). These
were corroborated by results of swelling power and
solubility reported in this study. During the hold period,
the sample was subjected to a period of constant
temperature (usually 95C) and mechanical shear str ess.
The period is sometimes called shear thinning, holding
strength, hot paste viscosity or trough due to the
accompanied breakdown in viscosity. It is the minimum
viscosity value in the constant temperature phase of the
RVA profile and measures the ability of paste to
withstand breakdown during cooling (Newport Scientific,
1998). This period is often associated with a breakdown
in viscosity (Ragaee et al., 2006), and is an indication of
breakdown or stability of the starch gel during cooking
(Zaidhul et al., 2006), the lower the value the more stable
the starch gel. The breakdown is regarded as a measure
of the degree of disintegration of granules or paste
stability (Dengate, 1984; Newport Scientific, 1995).

The breakdown viscosities recorded by blanched
samples were lower than that of the un-blanched control
sample. The viscosity after cooling to 50C represe nts
the setback or viscosity of cooked paste. It is a stage
where retrogradation or re-ordering of starch molecules
occurs. It is a tendency to become firmer, with increasing
resistance to enzymic attack, and also has effect on
digestibility.

The final viscosity was highest for the control sample
compared to the blanched samples. The extent of
increase in viscosity on cooling to 50T reflects the
retrogradation tendency (Ragaee et al., 2006; Sandhu et
al., 2007). The setback values of the blanched samples
decreased for those blanched at 100C, but were hig her
than that of the control sample from treatments blanched
at 60 and 80T (83.58 RVU). The lower setback value s at
higher blanching temperatures could be as a result of
pre-gelatinization of the starch in the flour (Ramteke and
Eipeson, 2000).The high setback value and breakdown
viscosity for the samples at low blanching temperature
indicates that their Paste would have a lower stability
against retrogradation (Mazurs et al., 1957) than those at

high temperature. 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 (Ihekoronye
and Ngoddy, 1985), and has a serious implication on the
digestibility of the dough when consumed. Higher setback
values are synonymous to reduced dough digestibility
(Shittu et al., 2001) while lower setback during the
cooling of the paste indicates lower tendency for
retrogradation (Sandhu et al., 2007).

The pasting temperature of the control sample was
reduced by blanching, while those of the blanched
samples increased with increase in temperature from 60
to 80<C. The high pasting temperature of the un-bla nched
Control could be as a result of the presence of strong
bonding forces within the granules of flour as reported by
Hoover (2001). The pasting temperature is a measure of
the minimum temperature required to cook a given food
sample (Sandhu et al., 2005), it can have implications for
the stability of other components in a formula and also
indicate energy costs (Newport Scientific, 1998). The
pasting time was increased by blanching up treatment at
80T and later reduced at a temperature of 100C. T his
reduction must have been due to pre-gelatinization at the
boiling temperature of 100C (Adebowale et al., 200 8).
The peak time is a measure of the cooking time
(Adebowale et al., 2005) and was higher in the two
treatments blanched at higher temperatures Generally
for these samples, blanching at 60, 80and 100C for 10
min had a significant effect (P< 0.05) on peak viscosity,
trough, breakdown and final viscosity. Peak viscosity and
trough reduced as temperature increased, while it
increased for the un-blanched control sample.

Sensory qualities

The sensory qualities of the plantain flours are shown in
Table 4. The sensory qualities of “amala”, the hot water
reconstituted plantain flour, was rated by the panelists in
terms of taste, colour and texture. Sample PBg was
scored best for taste; Sample PBgg and PB;g Were rated
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Table 4. Sensory qualities of the reconstituted plantain flour “amala”.

Sample Taste Colour Texture
UPco 5.5 6.9° 7.7
PBsgo 8.7% 6.6 7.5
PBso 3.6° 8.0 5.4°
PBi1oo 4.6° 7.5% 4.6°

Values in the same column with different superscript are significantly different at P < 0.05

values are means of 20 panel scores.

the best for colour followed by UPB., and PBg,. This
might have been due to inactivation of enzymes
responsible for browning (Tortoe et al., 2008). Samples
(UP¢o) and (PBgg) were rated the best in terms of texture,
followed by PBgy; sample PBigy was scored worst. This
might have been due to the pre-gelatinization of the
plantain before drying, which might have made the flour
lose its cohesiveness.

Conclusion

The results from the chemical analysis has shown that
blanching resulted in a decrease in protein, fat and fibre
contents but increase in the carbohydrate and caloric
contents. This also resulted in improvement in the bulk
density, emulsion capacity and stability. There was also a
decrease in the breakdown value, indicating more
stability in the paste formed in the blanched samples
during cooking. Blanching produced flour of high set back
values at lower temperatures (60 and 80C) but of | ower
value at 100C, hence a Ilower tendency for
retrogradation when blanched at high temperature after
the final cooling of the paste. The blanched samples were
rated better in terms of colour, but in terms of texture the
un-blanched Control sample was best. Therefore from
the results of the physicochemical, pasting and sensory
evaluations obtained, blanching of plantain before drying
into flour will open a vista of opportunities for the product
to be applied in other formulations and utilizations.

REFERENCES

Abioye VF, Ade-Omowaye BIO, Adesigbin MK (2006). Effect of Soy
Flour Fractions on some Functional and Physicochemical Properties
of Plantain Flour In: (Ebuehi OAT, (Ed) pp. 142-143.

Adebowale AA, Sanni LO, Awonorin SO (2005). Effect of texture
modifiers on the physicochemical and sensory properties of dried
fufu. Food Sci. Technol. Int., 11(5): 373-382.

Adebowale AA, Sanni LO, Onitilo MO (2008). Chemical composition
and pasting properties of tapioca grits from different cassava varieties
and roasting methods. Afr. J. Food Sci., 2: 77-82.

AOAC (1990). Official Methods of Analysis of the Association of Official
Analytical Chemists, 15" Edition AOAC, Arlington, Virginia.

Baiyeri KP, Ortiz R (2000). Agronomic evaluation of plantains and other
triploid banana. Acta Hortic., 540: 125-135.

Beuchat LR (1997). Functional and Electrophoretic Characteristics of

Succinylated Peanut Flour J. Agric. Food Chem., 25: 258-261.

Coffman C, Garcia VV (1977). Functional Properties of Protein Isolate
from Mung Bean Flour. J. Food Technol., 12: 473-484.

Dengate HN (1984). Swelling, pasting, and gelling of wheat starch. In:
Pomeranz Y (ed) Advances in Cereal Science and Technology,
AACC, USA, pp. 49-82.

Fagbemi TN (1999). Effect of Blanching and Ripening on Functional
Properties of Plantain (Musa aab) Flour Foods for Human Nutrition,
54: 261-269.

Fagbemi TN, Oshodi AA (1991). Chemical composition and functional
properties of full fat fluted pumpkin Telfairia occidentalis seed flour
Niger. Food J., 9: 26-32.

FAO (2004). Statistics Series No 95 FAO, Rome.

Golan A, Kahn V, Sadvski AY (1977). Relationship between
Polyphenols and Browning in Avacado Mesocarp-Comparison
between the Fuerte and Lerman Cultivars J. Agric. Food Chem., 25:
pp. 1253-1259.

Gwanfogbe PN, Cherry JP, Simmons JG, James C (1988). Functionality
and Nutritive Value of Composite Plantain (Musa paradisiaca) Flours.
Tropic Sci., 28: 51-66.

Hoover R (2001). Composition, Molecular Structure and Physiochemical
Properties of Tuber and Root Starches: A Review, Carbohydrate
Polymers, 45: 253-267.

Ihekoronye Al, Ngoddy PO (1985). Browning reaction. In: Integrated
Food Science and Technology for the Tropics. Macmillan Education
Ltd, London, pp. 224-229.

Izonfuo WA, Omuaru VO (1988). Effect of Ripening on the Chemical
Composition of  Plantain Peels and Pulps (Musa paradisiaca). J.
Sci. Food Agric., 45: 333-336.

Kayisu K, Hood LF, Vansoest PJ (1981). Characterization of Starch and
Fiber of Banana Fruit J. Food Sci., 46: 1885-1890.

Leach HW, McCowen LD, Schoch TJ (1959). Structure of the Starch
Granule: Swelling Power and Solubility Patterns of Different Starchs.
Cereal Chem., 36: 534-544.

Maziya-Dixon B, Dixon AGO, Adebowale AA (2004). Targeting different
end uses of cassava: genotypic variations for cyanogenic potentials
and pasting properties. A paper presented at ISTRC-AB Symposium,
31 October — 5 November 2004, Whitesands Hotel, Mombassa,
Kenya.

Mazurs EG, Schoch TJ, Kite FE (1957). Graphical analysis of the bra
bender viscosity curves of various starches. Cereal chem., 34(3):
141-153.

Mepba HD, Eboh L, Nwaojigwa SU (2007). Chemical Composition,
Functional and Baking Properties of Whea — Plantain Composite
Flours, 7(1): 4-5.

Narayana K, Narasinga — Rao MS (1984). Effect of Partial Proteolysis
on the Functional Properties of Winged Bean Phosphocarpus
Tetragonolobus Flour.

Newport Scientific (1998). Applications manual for the Rapid visco
analyzer using thermocline for windows. Newport Scientific Pty Ltd.,
1/2 Apollo Street, Warriewood NSW 2102, Australia, pp. 2-26.

Oduro |, Ellis W, Dziedzoave N, Nimako-Yeboah K (2000). Quality of
gari from selected processing zones inGhana. Food Control, 11: 297-
303.

Ogazi PO (1986). Quality Assessment of Plantain Fruits for
Dehydration. Niger. Food J., 4(1): 125-130.

Olorunda AO, Adelusola MA (1997). Screening of Plantain / Banana



774 Afr. J. Food Sci.

Cultivars for Import, Storage and Processing Characteristics. Paper
Presented at the International Symposium on Genetic Improvement
of Bananas for Resistance to Disease and Pests 7 — 9" September,
(IRAD, Montpellier, France).

Perez-Sira E (1997). Characterization of Starch Isolated from Plantain
(Musa paradisiacal normalis) Starch 49: 45- 49.

Ragaee S, Abdel-Aal EM (2006).Pasting properties of starch and
protein in selected cereals and quality of their food products. Food
Chem., 95: 9-18.

Ramteke RS, Eipeson WE (2000). Predehydration Steaming Changes
Physicochemical Properties of Unripe Banana Flour Department of
Food Science and Technology, Makerere University Kampala
Uganda.

Sandhu KS, Singh N, Malhi, NS (2005). Physicochemical and thermal
properties of starches separated from corn produced from crosses of
two germ pools. Food Chem., 8914: 541-548.

Sandhu KS, Singh N, Malhi NS (2007). Some properties of corn grains
and their flours I: Physicochemical, functional and chapati-making
properties of flours. Food Chem., 101: 938-946.

Sanni LO, Kosoko SB, Adebowale AA, Adeoye RJ (2004). The
influence of palm oil and chemical modification on the pasting and
sensory properties of fufu flour. Int. J. Food Properties, 7(2): 229-
237.

Sathe SK, Desphande SS Salunkhe SK (1982). Functional Properties of
Lupid Seed Lupinus Mutabilis Protein and Protein Concentrate J.
Food Sci., 47(2): 491-497.

Shittu TA, Lasekan OO, Sanni LO, Oladosu MO (2001). The effect of
drying methods on the functional and sensory characteristics of
pukuru-a fermented cassava product. ASSET-An Int. J. A., 1(2): 9-16.

Stover RH, Simmonds NW (1987). Bananas: Tropical Agriculture Series
(3" Edition) Inc. New York.

Tagodoe A, Nip WK (1994). Functional Properties of Raw and
Precooked Taro Colocasia Esculenta Flour Int. J. Food Sci. Technol.,
29: 457-482.

Tortoe CT, Paa-Nii TJ, Apollonius IN (2008). Effects of Osmo-
Dehydration, Blanching and Semi — Ripening on the Viscoelastic,
Water Activity and Colorimetry Properties of Flour from Three
Cultivars of Plantain (Musa AAB). CSIR — Food Research Institute,
Accra, Ghana.

Wilson CF (1987). Status of Bananas and Plantains in West Africa in
Bananas and Plantain Breeding Strategies Proceedings of
International Workshop on Plantain and Banana. Australian Council
for International Research.



