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ABSTRACT

Plantain (Musa spp.) isan important dietary source of carbohydrate in the humid tropical zones of Africa,Asiaand
South. Although there are reports on the physical, chemical and microbiological propertiesof plantain flour, little or
no information is available on the effects of maturity time and drying method on the physicochemical properties of
theflours. Thus, to promote and enhance the use of plantain flour, it is necessary to determine the physicochemical
properties of the flour. Green Horn cultivar of fresh plantains was harvested at different periods of maturity from
week 9to 13 at Federa University of Technology Owerri University farm. The different batcheswere washed, peeled
and cut into slices of 1cm thickness. The dlices were dried using a solar dryer and sun drying. The dried samples
weremilledinto flour and screened through a 100um sieve. Results showed significant differences all the properties
considered, but for the bulk density and oil absorption. Irrespective of the maturity time, Solar drying reducesthe oil
absorption, bulk density and wettability of Plantain flour. Solar dried plantain at 12" week of maturity gave the
highest value of 1.8614, which is significantly different from others. Maturity time and different drying methods

could be exploited for the devel opment of multipurpose plantain flour.

INTRODUCTION

Plantain (Musa spp.) isanimportant dietary source
of carbohydratein the humid tropica zonesof Africa,
Asiaand South Americad™. Plantain may be processed
into many productsat different stagesof physiological
maturity; unripe, ripe, overripeor inanumber of ways
suchasfrying, grilling, boilingand drying.

Accordingto Demirel and Turhan®, drying adds
valueto bananain addition to preservation. Moisture
removal from plantain seemsto bean appropriateand
economical meansof preservation, resulting in shelf
stable and convenience products.

A reductioninmoisturecontent potentialy increases
shelf lifeand hence preventsexcessive post harvest 1oss
andthat dryingisan dternative to adevel oping country
like Nigeriawherethereisdeterioration dueto poor
storage, weather conditionsand processing facilities.
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Musaet., al.* argued that thereis often adecreasein
thequdity of dried products becausemost conventiona
techniques usehigh temperature during thedrying pro-
cess. The process may introduce undesirable changes
in appearance and will cause modificationintexture,
flavor and color aswell. Thisisnot in agreement with
theincreasing demand of consumersfor the highest
quality finished product.

Currently, unripe plantain flour isbe ng processed
into athick paste product known as.amala., whichis
medically recommended for diabetic patient!t Themost
commonly used drying method include sundrying, con-
vectiona air drying, vacuum drying and osmotic dry-
ing?.

More specificaly, drying method and processing
conditionsaffect significantly the color, texture, nutri-
tional content, density and porosity and sorption char-
acterigticsof thematerid. So theraw material may end
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up asacompletdy different product depending onthe
type of drying method and conditions applied®9
(Krokidaand Maroulis, 2001a; Krokidaand Maroulis,
2001b)

Therefore, thiswork isaimed at determining the
effect of drying methods and the maturity timeonthe
phys cochemicd propertiesof plantain flour

MATERIALSAND METHODS

Cultivarsof fresh mature plantainswere obtained
fromthe FUTO FarmsLimited. Harvestingwasdone
at different periodsof anthesisranging fromweek 9to
13. Unripeplantainsat different sagesof maturity Sages
9th,10th, 11th,12th and 13th week) were cleaned,
peeled and sliced tolcm thicknessusing aslicer. The
slicesweredried using asolar dryer and sun drying.
Thedried samplesweremilled into flour and screened
through a100um sieve and packaged in hermetic glass
containers and stored at room temperaturefor further
use.

ANALYSISOFPLANTAIN FLOUR

Deter mination of bulk density

Thebulk density of apowder istheweight of the
powder divided by the volume it occupies as deter-
mined by Falade & Omojold”, normally expressed as
kg/m3.

Water and oil absor ption capacity deter mination

Water and oil absorption capacity was determined
according tothemethod of Beuchat!.

Swellingindex deter mination

Swelling power and solubility of theplantainflours
weredetermined according to the method of Svarovsky
(1987). 1 g of dried and milled sample wasweighed
into 100mLconical flask. Subsequently15mi of digtilled
water was added and it was shaken for 5min at low
gpeed using avortexmixer. Thesamplewastransferred
into water bath and heated for 40 min at 80- 85'Cwith
acongant girring. Thesamplewasthentransferred into
pre-weighed centrifugetubeand 7.5 ml of distilled wa-
ter was added. It was centrifuged at 220rev/min for
20min. Thesupernatant was carefully decanted into a
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pre-weighed canand dried at 100°C to constant weight.
Thedifferencein weight of theevaporating dishwas
used to calculate starch solubility. The precipitate was
weighed withthecentrifugetube. Tocaculatetheswell-
ing power, theweight of resduewasdivided by theorigi-
na weight after solubility subtraction. Andysswascon-
ductedintriplicate.

Deter mination of wettability of plantain flour

Wettability describesthe capacity of the particles
to absorbwater ontheir surface, thusinitiaizing recon-
dtitution. About 3 g of dried plantain was placed around
apestleinside afunnel so that the pestle blocks the
funnel opening. Then, thepestlewasliftedtoalow the
power to flow through the stem into abeaker of water.
Assoon asall the powder hasflowed into the beaker
of water, a stop watch was started and the time(s) it
took a sample of plantain powder to be completely
wetted by water was determined.

Determination of pH

30g of plantain pul p juicewaswe ghed whichwas
obtained by blending 30 g of plantain with 90 ml of
distilled water. The pH dectrodewaswashed with dis-
tilled water. The electrode was placed in thefiltrate.
Thedectrodewasalowed to stabilizefor few moments.
ThepH valueof thefiltratewastaken after then'™.

Deter mination of gelling point

5g of the samplewasdispersedin different chemi-
casin 250ml and made up to 500ml flour suspension.
A thermometer was clamped on aretort stand withits
bulb submerged in the system heated with amantle.
Theheating and stirring is continued until the suspen-
sion beginsto gel and the corresponding temperature
was recorded.

RESULTSAND DISCUSSION

Thelmpact of Dryingmethod and Maturity Time
on the physicochemical Properties of Plantain
Flour

Oil absorption

Therewereno significant differences asresult of
the drying method, except for the 11" week. However,
the highest value of 3.148 was obtained for the solar
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dried plantain flour with 10" week of maturity whilethe
least valueof 2.71 wasobtained for solar dried samples,
at 11h week of maturity. According toFagbemit®, good
oil absorption capacity of flour samplessuggest that
they may beuseful infood preparationsthat involveail
mixing likein bakery products, whereoil isan impor-
tant ingredient. Thewater/fat binding capacity of pro-
teinsisanindex of itsability to absorb and retain ail,
which inturninfluencesthetexture and mouth fedl of
food productslike ground meat formulations, dough-
nuts, pancakes, baked goods and soups.

TABLE 1: Effect of dryingmethod and maturity timeon the
oil absor ption property of plantain flour

MATURITY TIME

DRYING
METHOD 9th 10th  11th  12th  13th

SUN-DRYING 2.83° 3078% 3132° 2810° 3.100°

SOLARDRYING  2986° 3148 2716° 2968% 29387

Each value represents mean of three replicates. Mean values
having same superscript within column are not significantly
different (p <0.05)

Swellingindex

Swelling Index isregarded asquality criterionin
some good formulations such asbakery products. It is
an evidenceof non-cova ent bonding between molecules
within starch granulesand al so afactor of theratio of
a-amylose and amylopectin ratios™. Fromthe TABLE,
swdllingindex increased asthe maturity timeincreased.
However, Sundried flourshad higher values. Sundry-
ing had been observedto clearly play arolein obtain-
ing starchwith high swelling power and desirableorga:

noleptic properties.

TABLE 2: Effect of dryingmethod and maturity timeon the
swelling index of plantain flour

DRYING MATURITY TIME

METHOD oth 10th 11th 12th 13th
SUN-DRYING 166° 1735 21383% 20167* 2.3933°
SOLARDRYING 1.87* 1.9283° 2275% 20617% 23267

Each value represents mean of three replicates. Mean values
having same superscript within column are not significantly
different (p <0.05)

Wettability
Thereweres gnificant differencesinthewettability
factor for al theflour sample,asaresult of thedrying

method, except for the oneswith 10" week of matu-
rity. However, the highest value of 265 was obtained
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for 13" week, solar dried plantain flour, whilesun dried-
11" week matured plantain produced theleast value.

TABLE 3: Effect of dryingmethod and maturity timeonthe
wettability of plantain flour

MATURITY TIME

DRYING
METHOD oth 10th 11th  12th  13th
SUN-DRYING 1.8055% 1207167° 1.12° 1.3477° 2.3333

SOLAR DRYING 15971° 1.222167*° 1.75a 0.5694° 2.6528°

Each value represents mean of three replicates. Mean values
having same superscript within column are not significantly
different (p < 0.05)

Bulk density

TheBulk Density (g mL™?) ranged from 0.6621 to
0.7728 gmL*withthe Solar dried flour sampleat 13
weeksof maturity, having theleast value, whilethe so-
lar dried sampleswith 10" week maturity had thehigh-
et vdue. Therewereno significant differencesinal the
maturity times, irrespective of the drying method ap-
plied.

TABLE 4: Effect of dryingmethod and maturity timeonthe
bulk density of plantain flour

MATURITY TIME

DRYING

METHOD 9th 10th  1ith  12th  13th
SUN-DRYING 0.70953* 07315 0.7186* 0.709* 0.7095°
SOLARDRYING 069595 0.7279% 0.7268° 0.7233* 0.6621°

Each value represents mean of three replicates. Mean values
having same superscript within column are not significantly
different (p < 0.05)

Gelling point

TheGelling point ranged between 59.333to 70.667
with sun dried flour with 10 week of maturity having
the highest value and solar dried sampleat 121" week
maturity, havingtheleast value. Variationsinthegda
tion point may be attributed to therel ativeratios of the
different constituents proteins, carbohydratesand lips
inthefood sampl€™®. Thelower thegelling point, the
better it servesasagood binder and provider of con-
sistency infood preparations of semi solid beverages
and thebetter thegelling ability of theflour2.

Water absor ption

The water absorption capacity ranged between
1.568 and 1.804%. Sun dried sample at the 10" week
meaturity had thehighest vauewhilethesolar dried flour
at thesamematurity timegavetheleast vaue. Thewa
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ter absorption capacity isimportant in theformulation
of ready to eat food s and high water absorption ca-
pacity may assure product cohesiveness (Houson and
Ayenor, 2002). The difference dependson theamount
and nature of the hydrophilic constituents (Ayeleand
Nip, 1994)

TABLE 5: Effect of dryingmethod and maturity timeon the
gelling point of plantain flour

MATURITY TIME

DRYING

METHOD oth 10th  11th  12th  13th
SUN-DRYING 64.3333° 70.667° 64.167° 68.667% 62.667"
SOLARDRYING  66.3333% 65.667" 65.333% 59.333" 653337

Each value represents mean of three replicates. Mean values
having same superscript within column are not significantly
different (p < 0.05)

TABLE 6: Effect of dryingmethod and maturity timeon the
water absorption property of plantain flour

DRYING MATURITY TIME
METHOD oth 10th 11th 12th 13th
SUN-DRYING 1.7047° 2.0346® 1.6373* 1.7971" 1.6493?

SOLARDRYING 1.8047* 1.6385° 1.5683° 1.8614* 1.6185°

Each value represents mean of three replicates. Mean values
having same superscript within column are not significantly
different (p < 0.05)

pH

TABLE 7 showsthat therewereno significant dif-
ferenceinthePhvauesfor al theflour irrespective of
thetime of maturity and thedrying method. However,
Solar dried flour at the 13" week of maturity gavethe
highest vdue of 6.92, whilesun dried flour a 10" week
of maturity gavetheleast vaueof 6.06

TABLE 7: Effect of dryingmethod and maturity timeon the
ph of plantain flour

MATURITY TIME

DRYING

METHOD oth  10th  1ith  12th  13th
SUN-DRYING 636" 606" 651° 640° 653"
SOLAR DRYING 651° 628° 678° 673° 693°

Each value represents mean of three replicates. Mean values
having same superscript within column are not significantly
different (p < 0.05)

CONCLUSION

The study reveal ed the physic-chemical property
variationsthat exist in plantain flour, asaresult of the
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maturity timeand the drying method employed, during
processing. Solar drying reducestheoil absorption, bulk
dengity and wettability of Plantain flour. Swelling index
increased asthe maturity timeincreased. ThepH in-
creased asthe maturity timeincreased, with solar dry-
ing, given higher phvaues.

Higher water absorption property isfeasiblewith
lessmatured plantains. Theusefulness of plantain flour
could beenhanced by monitoring the maturity time of
theplantain and applying the best drying method asre-
quired.

REFERENCES

[1] T.A.Adeniji, |.S.Barimalaa, S.C.Achinewhu;
Evaluation of bunch characteristicsand flour yield
potential in black Sigatoka resistant plantain and
banana hybrids. Global Journal of Pure and Ap-
plied Science, 12, 41-43 (2006)
I.A.Adeyemi, S.Umar; Effect of method of manu-
facture on Quality Characteristicsof “kunun-zaki”
Nig. Food J. 12, 34-40 (1994).
T.Ayele, W.K.Nip; Functional propertiesof raw and
Pre-cooked (Colocasia esculenta) Flours. Intl. J.
Food Sci. and Tech., 29, 457-462 (1994)
L.B.Beuchat; Functional and el ectro phonetic char-
acteristics of succinylated peanut flour proteins. J.
Agric Food Chem., 25, 258-261 (1977).
D.Demirel, M.Turhan; Air drying behaviour of
dwarf Cavendish and Gros Michel banana slices.
Journal of Food Engineering, 59, 1-11 (2003)
T.N.Fagbemi; Effect of Blanching and Ripening on
Functional Properties of Plantain (Musaaab) Flour.
Foods Hum.Nutr., 54, 261-269 (1999).
K.O.Faade, B.S.Omojola; Effect of processing
methods on physical, chemical, rheol ogical and sen-
sory properties of okra (Abelmoschusesculentus).
Journal of Food and Bioprocess Technol ogy. Avail -
able on line DOI 10.1007/s11947-008-0126-2,
(2008).
P.Housson, GS.Ayenor; Appropriate processing and
food functional properties of maizeflour. Afr.J.Sci.
Technol. 3(1), 126-121 (2002).
M.K.Krokida, Z.Maroulis; Quality changesduring
drying of food materials. Journal oof Food Science
and Technology, 49(2), 33-39 (2001a).
[10] M.K.Krokida, Z.Maroulis; Structural properties of
dehydrated products during rehydration. Interna-
tional journal of food science and technol ogy, 36,

[2]

(3]

[4]

[5]

[6]

[7]

8]

[9]

———————, Natural Products
A Tndian ﬁamml



390 Physico-chemical properties of plantain flour as affected by maturity time and drying methods NPAIJ, 9(10) 2013

Full Paper ce—

529-538 (2001b).

[11] O.A.Musa, Derya, U.Ahmet; Effects of drying
methods on the mineral content of basil. Journal of
Food Engineering, 69, 375-379 (2005).

[12]J.C Robinson; Bananas and plantains. Crop Produc-
tion Sciencein Horticulture SeriesNo 5. Wallingford:
CABI, 1-33 (1996).

[13] V.Rasper; Investigation on Starches from major
starch crop grownin Ghana. I1. Swelling and sol u-
bility patterns and amyloel astic susceptibility J. Sci.
Food Agric., 20, 642-646 (1987).

[15] L.Svarovsky; Powder Testing Guide: Methods of

Measuring the Physical Properties of Bulk Pow-
ders. ISBN 1851661379. Amsterdam: Elsevier Sci-
ence; . Functional Propertiesof Lupin Seed (lupunis
mutabilis) proteinsand protein concentrates. Jour-
nal of Food Sci.. 47, 491-498 (1982).

Natural Products
b Dndian W



