' ISSN : 0974 - 7508 Volume 9 Issue 5

>
.;g‘,‘ Natural Products
A Tndéan Goarnal

——r>  [ull Paper
NPAIJ, 9(5), 2013 [217-222]

Effect of maturation and pretreatment on the physicochemical
properties of plantain flour

Ijeoma Olawuni?, Abimbola Uzoma?, Florence Uruakpa®, |.M.Megjeha3, M.O.Edema*
Dept of Food Science & Technology Feder al Univ of Technology, P.M .B., 1526, Owerri, (NIGERIA)
2Department of Physics, Feder al Univer sity of Technology, P.M .B., 1526, Owerri, Imo Sate, (NIGERIA)
SDepartment of Applied Health Sciences, | ndiana SateUniver sity, TerreHaute, IN, (USA)
“‘Department of Food Scienceand Technology, Feder al Univer sity of Technology, Akure, (NIGERIA)
E-mail: Ojiugou@yahoo.com; ijesi2003@yahoo.com

ABSTRACT KEYWORDS
Plantain (Musa spp.) isanimportant dietary source of carbohydratein the Plantain;
humid tropical zones of Africa, Asiaand South. Although there are reports Pretreatment;
on the physical, chemical and microbiological propertiesof plantain flour, Maturity;
little or no information is available on the effects of maturity time and Physicochemical.

pretreatment on the physicochemical properties of the flours. Thus, to
promote and enhance the use of plantain flour, it isnecessary to determine
the physicochemical properties of the flour. Green Horn cultivar of fresh
plantainswas harvested at different periodsof maturity fromweek 9to 13
at Federal University of Technology Owerri university farm. The different
batches were washed, peeled and cut into slices of 1cm thickness. Each
batch of the sliced plantain was blanched, treated with citric acid, sodium
metabisul phite, and milled into flour. The untreated plantain flour sample
was used as control. Results showed no significant differences in the oil
absorption capacity gelling point and bulk density of the flour samples,
irrespective of the maturity time and pretreatment. However, there were
significant differencesin the water absorption (p<0.05) with the blanched
sodium metabisul phite-treated sampl e, having the highest value of 2.74 g/
g.Also, inthe swelling index (p<0.05), the 13" week blanched sample had
the highest value of 3.76 mL/mL. Irrespective of time of maturity, higher
pH values were recorded for flours treated with sodium metabisul phite
and blanched with values ranging from 6.87 - 7.54. Maturity time and
different preheat treatments could be exploited for the development of
multipurpose plantainflour.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION andiron®, Plantai n provides between 9% and 35% of

thetotal caloriesinthedietsof morethan 14 million

Plantain (Musa spp.) isanimportant dietary source  peoplein sub-SaharaAfricd™. Usudly, harvested at a

of carbohydrateinthehumidtropica zonesof Africa, maturebut unripestage, plantain ripenswithin 2-7 days,
Asiaand SouthAmericd®™. Plantainisrichinvitamins  makingit highly perishablecrop particularly intheover-
A, Cand B group aswell asmineralssuchascacium  ripestage. FAO datasources put theworld production
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of plantainsat about 60 milliontong®. InWest Africa,
plantain production increased a an averageannud rate
of between 2.3% and 2.6%®!. Despite the huge ton-
nages of plantainsharvested worldwide, thereare cer-
tain problemsthat limit the avail ability of plantain.
Robinson!*® showed that fresh plantain could be pre-
served by theuse of chemical preservatives, controlled
or modified atmosphere. However, thesetechnologies
arenot utilised, because agricultura production of plan-
tainismainly by small-holder farmersthat may findthe
technol ogiesnot economically feasible. Plantain may be
processed into many products at different stages of
physologica maturity; unripe, ripe, overripeor inanum-
ber of wayssuch asfrying, grilling, boiling and drying.
Accordingto Demirel and Turhan™, drying addsvaue
to bananain additionto preservation. Moistureremova
from plantain seemsto be an appropriate and economi-
cal meansof preserving Musaspp, resulting in shelf
gtableand convenience products. Currently, unripeplan-
tainflour isbeing processed into athick paste product
known as ‘amala’, which is medically recommended
for diabetic patient?. Ripe bananapowder isusedin
bakery and confectionery industries, ininfant dietsand

thetreatment of intestinal disorders?. Sun and oven-
drying methods have been used for drying of plantain
and banana*® with some success. Although somere-
portsexist onthephysica, chemica and microbiologi-
ca propertiesof plantainflour, there’s little or no infor-
mation on the effects of pretreatment and dryingtime
on the physicochemical propertiesof plantain flours.
Thus, to promote and enhancetheuseof plantainflour,
it is necessary to characterise the physico-chemical
propertiesof theflour. Theobjectivesof thestudy were
to determinethe effects of maturity timeand pretreat-
ment on the physicochemical propertiesof plantain
flours.

MATERIALSAND METHODS

Cultivarsof fresh mature plantainswere obtained
fromthe FUTO FarmsLimited. Harvesting wasdone
at different periodsof anthesisranging fromweek 9to
13. Thedifferent batcheswerewashed, peeled and cut
into slicesof 1cm thickness. Each batch of the dliced
plantain wasgiven thefollowing pretreatment as pre-
sentedinTABLE 1.

TABLE 1: Pre-treatmentsand procedure

Pre-treatment ID code Pre-treatment solution
Control CN -
Blanched BL 3 min in boiling H,O3 min in boiling H,O
Citricacid CA 3minin CA
Na metabisul phite KM 5% N&S,0s (5 min)
Blanched + Na metabisulphite BLKM BL +5% NaS,05 (5 min)
Blanched + Citric acid BLCA BL + CA

Production of unripeplantain flour

Unripeplantainsat different Sagesof maturity (Sages
oh 10M, 11, 12" and 13" week) were cleaned, peeled
anddicedto 1lcmthicknessusingadicer. Thediceswere
driedusngasolar dryer andsundrying. Thedried samples
weremilled into flour and screened through a100um
sieve and packaged in hermetic glass containers and
stored a room temperaturefor further use.

ANALYSISOFPLANTAIN FLOUR

Deter mination of bulk density
Thebulk density of apowder istheweight of the
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powder divided by the volume it occupies as deter-
mined by Falade & Omojola (2008), normally ex-
pressed askg/ me.

Water and oil absor ption capacity deter mination

Weater and oil absorption capacity was determined
according to themethod of Beuchat (1977).

Swellingindex deter mination

Swelling power and solubility of theplantainflours
were determined according to the method of
Svarovsky*” 1 g of dried and milled sample was
weighedinto 100 mL conical flask. Subsequently 15 ml
of distilled water was added and it was shaken for 5
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min at low speed using avortex mixer. Thesamplewas
transferred into water bath and heated for 40 min at
80- 85°C withacongant stirring. Thesamplewasthen
transferred into pre-weighed centrifugetube and 7.5
ml of distilled water wasadded. It was centrifuged at
220rev/minfor 20 min. The supernatant wascarefully
decanted into apre-weighed canand driedat 100 _C
to constant weight. The difference in weight of the
evaporating dishwasused to cd culatestarch solubility.
The precipitate waswei ghed with the centrifuge tube.
To caculatethe swelling power, theweight of residue
wasdivided by theorigina weight after solubility sub-
traction. Analysiswas conductedintriplicate.

Deter mination of wettability of plantain flour

Wettability describesthe capacity of the particles
to absorbwater ontheir surface, thusinitializing recon-
gtitution. About 3 g of dried plantainwas placed around
apestleinside afunnel so that the pestle blocks the
funnel opening. Then, thepestlewasliftedtoalow the
power to flow through the steminto 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 pulp juice wasweighed whichwas
obtained by blending 30 g of plantain with 90 ml of
distilled water. The pH e ectrodewaswashed with dis-
tilled water. The electrode was placed in thefiltrate.
Thedectrodewasdlowed to stabilizefor few moments.
The pH valueof thefiltrate wastaken after then™.

Deter mination of gelling point

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

I mpact of maturity and pretreatment on physico-
chemical propertiesof plantain flour

Oil absorption
The Oil absorption capacities of the pretreated
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sampleswered | higher thanthecontral, for al theweek
of maturity (TABLE 2). However, therewereno sig-
nificant differences (p<0.05). Based of this, water ab-
sorption can be enhanced by harvesting at the 9" week
of maturity and blanching, after treatment with Sodium
metabisulphitewhichavaueof 3.297ml/g ; According
to Fagbemi™, good oil absorption capacity of flour
samplessuggest that they may be useful infood prepa-
rationsthat involveoil mixing likein bakery products,
whereoil isanimportant ingredient. Thewater/fat bind-
ing capacity of proteinsisanindex of itsability to ab-
sorb andretainoil, whichinturninfluencesthetexture
and mouth feel of food productslike ground mest for-
mulations, doughnuts, pancakes, baked goods and
soups.

TABLE 2: Mean valuesof theail absor ption (mL/g) of plantain
flour sasaffected by maturity timeand pr etr eatment

MATURITY TIME

PRE-TREATMENT — -
9 1th 11" 12th

13th

CONTROL 2.5868% 3.1841% 3.1065% 2.9305% 3.2837%
CA 2.8852% 3.0041* 2.82% 2.8646° 3.1817%
BL 2.8438% 2.8930% 2.8156° 2.9875" 3.1135°
CABL 2.9481% 2.9918* 2.8056% 2.6952% 2.6304°
NaM 2.91325% 3.4292% 3.0582% 3.0172* 3.0241°
NaMBL 3.29785% 3.1763" 2.9379% 2.8401% 2.8826°

Values with the same superscript in a column are not
significantly different (p<0.05)
Swellingindex

Theeffect of maturity and pretrestment ontheswell-
ing power of flour produced from the plantain flours
arepresented in TABLE 3. Bainbridge et al. (1996)
stated that good qudity starch with high starch content
and paste viscosity will havealow solubility and high
swelling volumeand power. A similar observation was
madethat the swelling powerswere appreciably low.
The swelling power may beattributed tothelow levels
of fat by theplantain. Thisisbecausehigh levelsof fat
leadsto theformation of amyl ose-lipid complexesthat
restrict swelling. It might also beduetoamorehighly
ordered interna arrangement of the starch granulesas
found in yam with aswelling capacity of 9%/, The
swelling capacity ranged from 1.37% (9" week con-
trol) to 3.76% (BL at 13" week) Thisindicated that
BLA pretreatment waseffectiveinincreasngthe swell-
ing power of theplantain flour.. Theseva ueswere com-
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parablethosereported for soybean fortified yam flour
(6.8 - 9.6%) by Jimoh and Olatidoye (2009). Gener-
ally the plantain samples showed abetter swelling ca-
pacity than cassavaand this could be because of the
small particlesizeof plantain starchand itshighly di-
gestiblenature*3. Thevariant swelling power could be
dueto amylose/amyl opectin ratio and by the charac-
teristics of amylose and amylopectinin 100 101 terms
of molecular weight distribution, degree of branching,
length of branchesand conformation of themol ecul es?.

TABLE 3: Mean valuesof the swellingindex (mL/mL) of
plantain flour sasaffected by maturity timeand pretr eatment

MATURITY TIME

PRE-TREATMENT

oth 10" 11" 12th 213"
CONTROL 1.37% 1.43% 1.625° 1.73° 1.805°
CA 1.655% 1.50° 1.57° 1.83° 1.78%°
BL 1.855% 1.855% 2.915% 2.155° 3.76°
CABL 2.445% 1.975% 2.895° 2.155" 2.46"
NaM 1.415% 2.00° 1.535" 1.595° 1.885
NaMBL 1.855% 2,238 2.70° 2.77% 2.465°

Values with the same superscript in a column are not
significantly different (p<0.05)

Thegeneral observationwasthat pretreatment and
temperature had asignificant effect (p<0.05) onthebulk
density of thethree plantain varietiesasindicated in
TABLE 4. It wasa so observed that plantain varieties
dried at |lower temperature had ahigher swelling power
compared tothosedried at higher temperatures except
for MBS pretreatment for French Horn; BLA, MBS
and CIT pretreatment for FalseHorn. Thisgeneral ob-
servation can be attributed to the deteriorative effect of
high temperature on themol ecular conformation of the
starch present. Thisisin agreement with observations
made by Muyongaet al. (2000).

BULK DENSITY

According to Bhattacharya and Prakash®, bulk
density of foodsincreaseswithincreasein starch con-
tent. Okezieand Bellol*¥ stressesthat high bulk density
of food material isimportant in relationto its packag-
ing. However, according totheresultslistedin TABLE
4, therewere no significant effect (p>0.05) of maturity
timeand pretreatment onthebulk density of the plan-
tainflours. Although there were no significant differ-
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ence (p>0.05) between bulk densities of the plantain
flours, the highest bulk density wasrecorded for CABL
at 11" week of maturity. Thegenerdly low bulk density
of theflourscould be an advantagein theformul ation of
baby foodswherehigh nutrient density tolow bulk den-
Styisdesired.

TABLE 4: Mean valuesof thebulk density (g/mL) of plantain
flour sasaffected by maturity timeand pretr eatment

MATURITY TIME
oh 10" 1i1th 12th  13th
CONTROL 0.7126% 0.756* 0.7328% 0.7177% 0.7504%
CA 0.6669% 0.7359 0.7424% 0.7231% 0.7638%
BL 0.6988% 0.7334% 0.6595% 0.7482% 0.6936%

PRE-TREATMENT

CABL 0.7115% 0.7565% 0.7417* 0.7329° 0.6071%
NaM 0.6757% 0.6631% 0.7335% 0.682% 0.6375"
NaMBL 0.7519% 0.7334% 0.7265% 0.6936% 0.6628"

Values with the same superscript in a column are not
significantly different (p<0.05)

Gelling point

Resultsin TABLE 5indicate no significant differ-
encesinthegelling point of theflour samples, when
compareswiththecontrol, for all theweek of maturity.
Flours made from plantain harvested in the 11" week
and treated with citric acid gave theleast value of gel-
ling point of 61, while treatment with sodium
metabisulphite gave thehighest value of 76.

TABLE 5: Mean valuesof thegelling point (°C) of plantain
flour sasaffected by maturity timeand pretr eatment

MATURITY TIME

PRE-TREATMENT

10" 11th 12th 13th
CONTROL 68 62° 665 64° 60°
CA 68 69° 61° 64% 70°
BL 59° 68 60° 67° 69
CABL 64 66° 69° 65% 61°
NaM 68 76% T72* 56° 647
NaMBL 65 68 60° 68  60°

Values with the same superscript in a column are not
significantly different (p<0.05)

Water absor ption capacity

Water absorption capacity isanindicationthat par-
ticular flour would beuseful infood system such asbak-
ery productswhich require hydrationto improve han-

dling characteristics. Giami and Alu® assert that water
binding capacity of 1.25 g/gand aboveisanindication

-
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of good bakery material. The effect of maturity time
and pretrestment on thewater binding capacity of flour
produced fromtheplantainispresentedin TABLE6.
Thewater absorption capacity ranged from 0.7635 mL/
g (CABL at 11" week) to 2.7744 mi/g (NaM at 10"
week).

TABLE 6: M ean valuesof thewater absor ption capacity (mL/
g) of plantain flours as affected by maturity time and
pretreatment

MATURITY TIME
PRE-TREATMENT

9th 10" 11th  12th 13th
CONTROL 2.4548% 2.2434% 22412 2.2541° 2.2019%
CA 2.2044% 2.3511% 2.369% 2.7769* 2.6526%
BL 1.0282° 1.0709° 1.0058° 1.4700° 1.13325"
CABL 0.9595" 1.3151° 0.7635° 0.905¢ 0.7941°
NaMm 2.6289% 2.7744% 2.4475% 2.7357% 2.2231a
NaMBL 1.2526° 1.2645° 0.7898° 0.8337" 0.7985°

Values with the same superscript in a column are not
significantly different (p<0.05)

Lower vauescould be associated with lower car-
bohydrate content in these plantain flourswhose com-
plex moleculewill demand lesswater during hydroly-
sig¥. Higher water binding capacities can aso be at-
tributed toloose associ ation of starch polymersinthe
granules'*® which might not be the casefor these plan-
tainflours. High water absorption and swelling capaci-
tieshave both economic and culinary advantage. Itis
evident that NaM pretreatment provided the highest
water absorption capacity irrespective of maturity time
a Theincreasein water absorption capacity asaresult
of NaM pretreatment could suggest possibleincrease
inthelevd of their incorporationinto food formulation
likedoughin other toimproveitshandling characteris-
ticsand a so to maintain freshness of the product.

pH

Assessment of pH in plantainisused primarily to
estimate consumption quality and hidden attributes.
Acidsmakean important contribution to the post-har-
vest quality of thefruit, astasteismainly aba ance be-
tween the sugar and acid contents, hence post-harvest
assessment of acidity isimportant in the eval uation of
thetasteof theflours.

Andysisof variancefor pH of theflours produced
from different varietiesindicated that pH of theflours
wassignificantly affected (p<0.05) in 9" and 13" week
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of maturity but not significant in the other weeks
(TABLE 7); thiswas affected by thetime of maturity
and the treatments undertaken. The pH values re-
corded ranged from 5.28 (CABL at 10" week) to
7.625 (NaMBL at 11" week). Emperatriz et al.[® re-
ported valuesintherangeof 4.6 - 6.1 when plantain
flourswere produced from different dehydration pro-
cedures. Dadzie (1998) reported values within the
range of 6.0—6.5. Deviations from reported values
could beattributed to variationsin maturity timeand
pretreatment aswell asdifferencesinthe morphology
of theplantainvarieties.

TABLE 7: Meanvaluesof thepH of plantain flour sasaffected
by maturity timeand pretreatment

MATURITY TIME

PRE-TREATMENT

oth 10" 11th 12th 13"
CONTROL 6.3 6.35% 6.585 6.075% 5.765°
CA 6.895® 5.945% 6.855° 6.74° 6.78%
BL 5.645° 56° 6.26% 6.11* 6.875
CABL 5.425° 528 579 6.1° 65°
NaMm 6.785% 6.985% 6.73% 7.115* 7.01°
NaMBL 7.545% 6.87% 7.625% 7.24* 7.45°

Values with the same superscript in a column are not
significantly different (p<0.05)

Onecommon observationinal thefloursirrespec-
tive of timeof maturity isthat higher pH valueswere
recorded for flourstreated with sodium metabisulphite
and blanched indi cating the significant rolethe pre-treet-
mentson plantainflours.

CONCLUSION

Thisstudy has shown that higher maturity timeand
treatment with Sodium metabisul phiteincrease the il
absorption capacity and pH of plantainflourswhile
treatment with Citric acid increasesthewater absorp-
tion capacity astheweeks of maturity increases. Swell-
ing index increases with increasing maturity time.
Blanching a so increasesthe swelling index of plan-
tainflours. Low density plantain flour could be ob-
tained by citric acid treatment beforeblanching, for a
13" week mature plantain. The usefulnessof plantain
flour could be enhanced by monitoring the maturity
time of the plantain and applying the best pretreat-
ment asrequired.
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