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ABSTRACT

Eleven Musa genotypes comprising ten hybrids and one local check were grown for two cropping cycles {plant crop and ratoon
crop) in 3 sub-humid location of southeastem Nigeria. Flour was processed from unripe fruits harvested thereof. Proximate qualities
and antinutrient factors were determined for each genotype during the two cropping cycles. Variance componenis analysis revealed
significant (P < 0.05) genotype (G), cropping cycle {C) and G x C interaction effects on most of the traits. The percent protein
content was not influenced by any of the variance components. However, flour made from bunches harvested during the second
cropping cycle (ratoon crop) had significantly (P < 0.05) higher values for carbohydrate, fat, energy and tannin than the first
croppmg cycle (plant crop) harvest. The plantains had lower ash than the cooking and dessest bananas. Principal component

2. 1lysis suggested carbohydrate, fat, moisture and level of antinuirient factors as major discriminant variabies for characterizing
bananas and plantains fruit flour into quality groupings. The study showed that the new Musa hybrids have comparable proximate
qualities and level of antinutrient as the preferred lacal check ‘Agbagba’. This suggests that the new hybrids could be released for

production and consumption.
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INTRODUCTION

Bananas and plantains (Musa species) are important
staples for millions of people in the developing countries. in
sub-Saharan Africa these crops have assumed a prestigious

. status as staple foods that are critical to the nutritiona! and
economic well being of the people (INIBAP, 1982).

To combat yield decline and near total crop failure
that was associated with landrace genotypes in most
developing countries Musa breeding stations across the world
have selected hybrid genotypes that are high yielding and
tolerant to most biotic stresses of Musa species. The
multilocational performance trials of these hybrids are
gradually ensuring that high yielding hybrids are available to
r»al farmers in Nigeria. These farmers are the major
stakeholders of banana and plantain praduction.

! Baiyeri et al. (2004 & 2005) reported on adaptation
patterns of 36 Musa genotypes grown in contrasting cropping
systems and locations in Nigeria. Variable post harvest
gualities of these genotypes were reporied in Baiyeri &t al.
(1959). Nigerian consumers consider the horticultural and
cooking qualities of these hybrids poorer relative to the
landrace reference genotype '‘Agbagba’. As such, bunches of
fiybrid genotypes commands very low market price.

The development of value added product via
processing fruits into flour will not only enhance market price ot
the hybrids but will ensure diversification of use thereby

" increasing utilization potential. Besides, processing fruits into
flour will ease storage over extended period of time. Earlier
report by Adeniji and Empere (2001) showed that the
conversion of cooking banana bunches into flour was a means
of adding values to the fruits as well as extending sheif life and
facilitating transportation.

Banana and piantain flour could be used for making
bakery products and for developing complementary weaning
fouds for infants (Ogazi, 1996; Adeniji and Empere, 2001;
Baiyeri, 2004). Packaged plantain flour is currently on sale in
several cities in southern Nigeria, an indication that farmers
are beginning to adopt processing options as a means of

market diversification. Although this is an interesting trend,
there is no information on flour proximate quality or the ievel of
antinutrient factors, especially with regards to the hybrids that
are been adopted for cuitivation by the farmers. The male
parent of most of these hybrids is a wild inedible banana
‘Calcuita 4' or its derivatives. This wild inedible parent might
alongside conferring biolic resistant traits also introgress
genes that code for high antinutrient and or poor proximate
properties into the hybrids. )

Seasonal changes during fruit development could
impact on the nutritional vaiue of flour processed thereof.
Earlier reports by Chandler (1995), Baiyeri (2000) and Baiyeri
ang waoadike (2001) indicated that nutritional vaiue of Musa
fruits varies with ripeness, cultivar grown, the quality of soil
and climactic condition under which the fruit was grown.

In this study therefore, the effecis of genotypes and
season of harvest (cropping cycle) on the proximate
composition and antinutrient content of eleven Musa
genotypes grown for fwo cropping cycles in southeastern
Nigeria were evaluated.

MATERIAL AND METHODS

The experiment was sited in the research farm of the
Facully of Agriculture, University of Nigeria, Nsukka, Nigeria.
The soil is a sandy loarmn Oxisol of Nkpologu series (Ndubizu,
1981). Nsukka is in the derived savanna agro-ecology. It is
located on latitude 06° 52'N, longitude 07° 24'E and 447 m
altitude. Rainfall is bimodal with an annual total of about 1500
mm.

Genotypes evaluated and layout of experiment: Eleven
Musa genotypes comprising one land race (as a local check),
two cooking banana hybrids, one dessert banana hybrids and
seven plantain hybrids were planted on a ploughed and
double-harrowed plot on 21-22 September 2001. The
genotypes evaluated included AGBAGBA (the local check),
BITA 7, FHIA 17, FHIA 25, CRBP 39, PiTA 14, PITA 21, PITA
22, PITA 23, PITA 25, and PITA 26. See Table 1 for fuither
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Table 1: List of genotypes evaluated.

Genotypes Genome class

Ploidy level

Remarks**

‘1 AGBAGBA Plantain

3x Landrace, consumer
preference (local check)
genotype, highly susceptible
to BSD, unstable yield.

PITA 14 "

4x Tolerant of BSD, relatively
short stature.

PITA 21 —

3x Tolerant of BSD, fruit _
morphology and taste of
boiled fruit close to those of
the preferred landrace,
susceptible to wind lodging.

PITA 22 "

3x Resistant to BSD, very fast
cycling, most adaptable to
evaluation site, good yield.

PITA23 “

3x Tolerant of BSD, good yiéld

PITA 25 "

3x Tolerant of BSD, high yieid,
fruit morphology and taste of
boiled fruit close to those of
the preferred landrace.

PITA 26 "

3x Tolerant of BSD, good yield,
seedy, poor ripening pattern.

CRBP 39 "

4x Tolerant of BSD, high yield,

susceptible to wind lodging

BITA7 Cooking banana

3x Tolerant of BSD, short
stature, fast cycling but very

poor yield

FHIA 25 "

3x Resistant to BSD, very high
yielding but very long
cycling.

FHIA 17 Dessert banana

4x Tolerant of BSD, high
yielding, fairly long cycling

**Remarks were based mostly on field observations in the current evaluation site (Nsukka, southeastern Nigeria); Remarks on yield
was a relative comparison with the local check ‘Agbagba’ as observed in the current study. BSD: Black sigatoka disease (caused

by Mycosphaerella fijiensis).

characterization of the genotypes. Experiment lay out was
randomized complete block design (RCBD). There was a
single row plot of five plants replicated three times per
genotype and cultural practices were those described by
Swennen (1990). Data were coliected for two-crop cycles, the
plant crop (i.e. the first harvest) and the first ratoon (i.e. the
second harvest).

Scmple Preparation: The same day bunches were harvested
representative fruit samples were obtained from hand number
two from the proximal end of the bunch following the
recommendation of Baiyeri and Ortiz (2000). Fruits were
peeled and the pulps cut into cubes were oven dried at about
70°C until permanent dry weight was obtained. Dry samples
were ground to pass through one-millimeter mesh sieve using
. Thomas Wiley Laboratory Mill (Modet 4).

Data coflection and statistical analysis. The proximate
composition and level of antinutrient (phytate and tannin) of
the flours was determined following the official methods of
AOAC (1980). The energy (KJ/100g) content of the flours was
estimated using the Atwater formula (FAO, 1973). Thé pH of
solution made from the fiours was read with Consort Digital pt4
Meter. Data were collected in three replicates per genotypes
per cropping cycle and were subjected to analysis of variance
following the procedures outlined for factorial in RCBD.
Factorial analysis was necessary to capture the main effects
and possible interactions between genotypic and cropping
cvcle effects. Also, principal components analysis (PCA) was
performed on all flour traits measured to identify most
important determinant trait for classifying Musa species flour.
Data were analyzed with GENSTAT Discovery Edmon 1
Release 4.23DE (GENSTAT, 2003). ,
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Table 2: Significant test of components of variation associated. with proximate and antinutrient composition of eleven Musa

genotypes evaluated for two cropping cycles.

: . Significant tests of effects due to:
Proximate/antinutrient traits Genotypes (G) Crop cycle (€) | - G x C interaction
Carbohydrate . w w ‘ >
Fat *h * dekek
Fibre _ o NS 4 P
Protein NS NS NS
Ash o NS NS
Moisture - m —
Energy o e o
pH ** NS NS
Phytate - P P
Tannin . o *rx worx

* ** %+ Significant at P < 5%, 1% and 0.1% respectively. NS: Non-significant at 5% probability level.

RESULTS |

The genetic and general characterizations of the
genotypes evaluated are shown on Table 1. Specific remarks
on each genotype were essentially based on the observation
made during the evaluation. In most cases the plantain hybrids
were better than the local check 'Agbagba’.

Variance components analysis and their tests of
significance are shown on Table 2. Genotypic variance was

significant (P < 0.05) for most flour traits except protein.
Whereas fibre, protein, ash and pH values of the flours were
consistent over cropping cycle, the carbohydrate, fat, moisture,
energy and antinutrient factors were statistically influenced by
the season the bunch processed into flour was harvested.
Genotype by cropping cycle interaction was significant for
mnst of the flour quality traits. Antinutrient factors (phytate and
tannin) were evidently affected by genotypes (G), cropping
cycle (C) and G x C interaction. .

Table 3: Variation in proximate and antinutrient composition of eleven Musa genotypes evaluated for two cropping

seasons- the main effects of cropping cycle.

Proximate/antinutrient traits Plant crop Ratoon crop LSD(o.05
Carbohydrate (%) 78.95 80.49 . 1.13
Fat (%) 2.02 ' 2.32 0.1
Fibre (%) 1.87 1.82 NS’
Protein (%) 4.76 4.23 NS
Ash (%) 2.85 285 i NS

| Moisture (%) 9.56 8.30 0.95
Energy (KJ/100g) 1477.0 1505.0 59
Ph 6.41 655 NG
Phytate (%) 0.42 0.13 0.03 1
Tannin (%) 426 5 31 T Toes ]

NS: Non-significant at 5% probability level.



180

K.P BAIVERI, and A.TENKOUANO

g
=
o
c
. @
o | .
5 |E - Vo
o = o (%) Q 9] - R 7o)
e 1§53 8 S 3|9 88 |8 |3 @ |&
2 Lo I R I R ST I D B 2 B I e I w| (o]
L A S )
q, -
c
g 8
§. | | (g el @l (e sl o o (e o
2 (128 B 1§ B &8 K]S Q89 ] |8
= &&1 ol o |lof |o |lo o o |[o |o |o o| |©o
\
(7]
c .
O .
P o (v (o (o] || ] [«~] [ |o| |« |lo| le
T AR R D S c A T e B A D A R R B
2 5 ©o| [©| |©| [©| [© |[© ¢ |- |~ (¥ (v o
g -
& i
e &
3
o -
g |0 ol 18] ol o B lo| o |o |o |~ |of |af
2 I I =1 I o I R B
B EO [ - -] [«)) - ~ fe)) 0 o)) © ~ o~
L4
®
b [Te) ~ © o 0 o (v o |9 |l (o  |©
S Gg K (o B (& & (3 | @ |3 3 & |¥
w® (L (N| [N (N & N e 3] N (e (o] || o
>
o .
@ =
a 28| |o| |o| |o| |o| |o |o| o |o| lo| |o le
2 183 = 1T (2 (@ e (9 & [ (e (e |= .
¢ WX Ie} < O < < < < < < [t} %) o)}
o = - -~ - -~ -~ e L -~ - -~ [52]
3
s |E
c |2 i
& 1B~ [©o x| | I @ |2 (@2 v [0 (@ |
> (=32 (N (o (v | @ N 0 (©) N0 9
% e (o (< |« (| (] (] || ]| (o] ¢ |Z
k]
c |0
o |5 | (™ | | W [o2] Te) -l (0| |« - [Te)
283 |« (@ [ |9 |=| |® [N [N (e (e (~| |2
g | |« - - - - - - o~ o~ - - (]
a
§
o ! lol (ol [~ (o (vl | wol| [ogl (=] |+
= mF 8B B 5 B |8 |8 1B Rl R |9 |~
ot w e N o~ ~N o o~ - -— - - Y] o~ (=1
5 ®
g 5
£ 2
s |8 z
T |5 i
c |9 ®
& |2 r-1
212 .| 1o lo lvl lo (= || |af [« |n=| [ ¢! | g
g R4 [0 (2 2 8 @ (3] | |5 (@ @ |2 |gle
= SR = (v 9o |o | |=| |o (© |o |o |o )| 8%
X 0L o ~ © ~ ~ © ~ 3] ~ N~ ~ N0
-
a ®
it
£ <
c 8
Qo &
T |9 < g
s |& 8 < |w| || || ol o |& w| |~ |g?
> %‘ < - o~ o~ o~ ~N ™~ o ~ o~ - gg
< o (< |« |«| |« |« |« |;] (€] || [< 37
T8 ol kKl [E EEE R E I FE 8F
- ] <! (o (o] o] | o] e (O] (8] W (| (<o
1 - e - — - Z
r.u

Flour made from bunches harvested during the
second cropping cycle (ratoon crop) had significantly (P <
0.05) higher values for carbohydrate, fat, energy and tannin
than the first cropping cycle (plant crop) harvest (Tabie 3).
Data obtained also showed that the flour processed from the

ratbon crop harvest had lower moisture and phytate content. .

However, the values for fibre, protein, ash and pH were
sumllar for the two cropping cycles.
The main effect of genotype on proximate quality and

level of antinutrient factors in flours procsssad from Musa
species is shown in Table 4. '‘Agbagba’, a plantain iandibce,
contained the highest carbohydrate, which was statistically
similar to the quantity found in*PITA 21’, ‘PITA 28' and ‘CREP
39’ (plantain hybrids). Flour made from ‘BITA 7', a codking
banana hybrid, contained more fibre (2.63%) aithough, this
quantity was not significantly different from values recorded in
‘Agbagba’ and 'CRBP 39'. Protein content in Musa species
flour was not influenced by the genotype frem which the flour
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was processed (Table 4). However, quantity of fat, ash,
energy, moisture and the level of antinutrient factors were
dependent on the genotype. The plantains had lower ash than
the cooking and dessert bananas. ‘FHIA 25', a cooking L.anana
hybrid, which had the highest energy and ash contents also
had the lowest moisture and phytate contents. Whereas the
pH of ‘Agbagba’ was near neutral (6.98) most of the hybrids
except '‘BITA 7' were slightly acidic. ‘PITA 21’ flour was
relatively high in phytate and tannin. Generally, the data on
Table 4 showed that most of the plantain hybrids had
comparable proximate composition and levels of antinutrient
factors as the preferred local check ‘Agbagba’.

Principal component analysis (PCA) performed on the
ten flour quality traits of the eleven Musa genotypes evaluated
is shown in Table 5. The three component axes retained
revealed distinct trait contribution to the general variability in
Musa flour. PRIN 1, which explained about 30% of the total
variability in flour quality, indicated that carbohydrate and
moistyre contents of flour had the highest eigen vector values
on this axis. Similarly, fat and fibre content of flour weighted
highest on PRIN 2 (which accounted for about 21% variability
in flour quality). PRIN 3 revealed clearly that level of
antinutrient factors (phytate and tannin) in the flour of Musa
genotypes could explain about 13.6% variability in Musa
species flour quality. From this PCA, six traits namely
carbohydrate, moisture, fat, fibre, phytate and tannin, together
accounted for about 65% variability in flour quality. These traits
could be considered as discriminant variables for classifying
fiours from Musa species into quality groupings.

DISCUSSION
The genetic backgrounds of the genotypes, the

season (crop cycle) of harvest, and the interaction of these two
tactors were important determinants of proximate quality and

the -level of antinutrient factors found in flour of Musa species.
Earlier reports by Chandler (1995), Ferris et al. (1996) and
Baiyeri et al. (1999) support this resuit.

A non-significant crop cycle effect on ash confent
indicated that nutrient uptake by the plants and transfer pattern
to the fruits was consistent over cropping cycles. However,
significant genotype effect revealed physiological genetic
implication on nutrient uptake. That is, nutrient uptake and .
transfer pattern is genotype specific. This means that
nutritional values of flours processed from bananas and
plantains are dependent on the genotype used. Baiycri and
Unadike (2001) comparing some aspect of physicochemical
characteristics of a Falsehorn plantain ‘Agbagba’ and a French
plantain ‘Obino L’Ewai’ reported significant cultivar-effect. on
some of the attributes studied. Similarly, Stover and Simmonds
(1987) reported distinct nutritional difference between the
dessert bananas (Musa AAA) and the plantains (Musa AAB}),
although the reports were based on old cultivars, which were
mostly landraces. e

Season (crop cycle) effect on some flour quality traits
was significant, meaning that even if same genotype is used,
those traits would vary with season. It was interesting to note
that second crop harvest (ratoon crop) flours had higher
energy related attributes, lower phytate and moisture content.
Lower moisture content will assure better storage of the flours.

The percent of protein in the fiours was not influenced
by the three components of variance evaluated, suggesting
that breeding program aimed at improving protein content in
Musa germplasm will likely be difficult.

The PCA suggested energy related traits, moisture
content and level of antinutrient factors as the major
discriminant variables for characterizing flours from Musa
species into quality groupings.

it was evident from the study that the new Musa
genotypes that are being evaluated with anticipation of

Table §: Eigen vector values for principal components of proximate and antinutrient composition of eleven Musa

genotypes evaluated for two cropping cycles.

Traits PRIN 1 PRIN 2 PRIN 3
Carbohydrate 0.52933 -0.09234 0.18633
Fat -~ -0.03120 0.53149 -0.22634
|
Fibre -0.04373 -0.48621 0.12443
Protein | -0.29937 0.35607 0.22433
e |
Ash 0.11417 -0.09248 0.29666
- —
Moisture -0.50291 -0.09728 -0.33912
——
Energy 0.41482 0.44971 0.11570
| Enet - |
pH 0.09733 | -0.33948 -0.02676
| Phytate - -0.17620 0.01245 0.66955
Tannin 0.38569 -0.10082 -0.42760
Purcent (%) of total |
variation explained 29.97 20.98 | 13.58
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eventual release to farmers have comparable proximate
qualities and levet of antinutrient as the local (preferred) check
‘Agbagba’. This suggests that consumption of the hybrid
genotypes (in spite of the wild male parentage) would rot be
hazardous to the consumers.
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