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A b s tra ct Plantain (Musa spp) fruit physical
properties of finger diameter, pulp/peel ratio, fruit water
content and firmness were measured using standard proce-
dures. Fruits with high firmness had low water content, re-
duced pulp/peel ratio, small finger diameter, and high fruit
weight. It was observed that if 50 % of the fingers in the
bunch have a fimness between 45-55 N for a finger
diameter above 40 mm, the plantain fruits may be said to
have matured for harvest. In 15-d storage at ambient tem-
perature (21-24 °C) fruit firmness and water content de-
creased from 56.1 to 30.6 N and from 66.8 to 45.3 %,
respectively, while fruit weight loss and pulp/peel ratio in-
creased from O to 7.66 % and from 1.59 to 2.35 %, respec-
tively. Firmness was used to classify plantain fruits into
‘soft’ (<N), ‘hard’ (>55 N) and ‘firm’ (40-55 N). The fruit
can store for 6-d under ambient conditions and still remain
‘firm’. After 6-d storage, the fruit ripens and become soft.

K ey w o rd s: fruit firmness, fruit water content,
plantain, pulp/peel ratio, storability

INTRODUCTION

Plantain (Musa spp) is an extremely im-
portant food crop in Sub-saharan Africa, pro-
ducing nutrition (25 % of carbohydrates, 10 %
of calories intake) for many millions of consu-
mers [10]. It is an important source of income
for small holder farmers, who produce them in
compound or home gardens. There is high de-
mand for plantain fruits for local consumption
as a starchy staple and as an industrial raw ma-
terial for products such as plantain chips, flour

purees, etc. [1,14]. It has a great export poten-
tial [16]. Because the fruit can not be con-
sumed in its fresh form and can not be allowed
to ripen on the pseudostem, it is harvested at a
mature green unripe stage and left in storage
for postharvest ripening. Many fruits destined
for the fresh market must be harvested at a
stage of maturity to minimise damage during
packing and shipping, yet must also ripen to
aceptable quality at the terminal market [4].

Firmness and hardness, the most com-
monly used engineering terms in quality
evaluation of fruits and vegetables [12], are
measures of the pressure required to penetrate
the fruit, or the deformation caused by exert-
ing pressure on the fruit. Firmness is an im-
portant textural attribute in fruits and vege-
tables in connection with the readiness of
crops for harvest, quality evaluation during
storage for the fresh market as well as prior to
processing. This quality is also important in
loading, unloding and transport of the fruits to
storage in order to reduce fruit defects (blem-
ishes that affect peel and pulp) and the amount
of broken fruits, which reduce the market
value. For mechanical processing of fruits and
vegetables firmness is significant in ensuring
acceptable quality and efficiency [4].

From the engineering standpoint, firmness
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is associated with tissue stiffness, modulus of
elasticity etc., as related to the design of con-
tainers for bulk transportation [1,3]. Many
changes in physical, chemical and structural
properties of fruits and vegetables are re-
flected in changes in firmness of the material
[5,6,17]. Some growers say that ‘hard’ fruits
store better than ‘soft’ ones, and that a large
part of the storage loss may be attributed to
shrinkage caused by fruit water loss, or rotting
caused by mechanical injury. It has been sug-
gested that fruit sorting machines can be de-
veloped based on flesh firmness [4,15].

The peel is like a protective covering for
the plantain fruit. As its thickness increases, its
cushioning ability becomes more pronounced
because of higher firmness. The high pulp/peel
ratio has been described as a criterium which
help to explain why people prefer the False
Hom bunch type of plantain, especially for
food processing [13]. The pulp/peel ratio is
also a measure of fruit maturity of banana
[16]. High pulp/peel ratio in plantain means
deeper pulp penetration into the fruit and
means low firmness [2].

The objectives of this study were to (i)
determine some of the properties that affect
plantain fruit firmness and how they influence
each other, and (ii) determine how these
properties are affected by storage time.

MATERIALS AND METHOD

Fresh bunches of False Horn plantain cv
AGBAGBA were hand-harvested from research
orchards at the National Horticultural Re-
search Institute, Ibadan and Okigwe Stations
at various times during two years. The fruits
were brought to the laboratory at a green un-
ripe stage. Straight fruits with uniform cros-
section were selected and used in this study in
which fruit weight (FW), fruit diameter (FD),
pulp/peel ratio (PP), fruit water content
(FWCQ), and fruit firmness (FF) were measured
using standard procedures.

Each individual fruit was weighed using
an EL 22-5480 electronic balance to determine
FW. It was then measured at several points at
its mid-section using a vernier calliper. These

measurements were averaged and recorded as
the FD, and used to categorise the fruits into
five class ranges: 30-34, 35-39, 40-44, 45-49
and 50-54 mm. The smallest and largest fruits
in each class were selected, the peels removed,
both pulp and peel reweighed on weight basis
and averaged.

Fruit firmness (FF) was measured by an
automatic penetrometer with a 7.9 mm
diameter tip (model FT-327) [7-9] at six differ-
ent random points on each of twenty randomly
selected fruits from each class, because as with
tomato fruit, there was no homogeneity of
firmness along the plantain fruit [11]. Fruits
used for the firmness test were weighed, cut
into bits, oven-dried to a constant weight at 103 °C,
cooled inside a dessicator and re-weighed to
determine the FWC on dry weight basis (db).

The remaining fruits from all the classes
were mixed together and randomly divided
into six groups. Then at 0, 3, 6,9, 12, and 15 d
in storage (DS) fruits from groups 1, 2, 3, 4, 5
and 6 were individually re-weighed and
weight loss calculated. Measurement of fruit
firmness, pulp/peel ratio.and fruit water con-
tent were done in that order on each fruit. Fruit
weight loss (FWL) was taken as the decrease
in weight with time divided by the initial
weight at zero DS.

These data were used to establish equa-
tions for predicting plantain fruit texture, since
standard industry practice is to quantify tex-
ture by penetrometer measurement of flesh
firmness.

RESULTS AND DISCUSSION

The frequency of distribution of FD, given
in Table 1 shows that 85 % of the fruits had a
diameter between 35-49 mm and 52 % be-
tween 40-44 mm. Only 10 % of the fruits were
extra large (50-54 mm) and 5 % extra small
(30-34 mm). For engineering design, there-
fore, plantain fruit diameter (peel included)
may be taken to be between 3549 mm. Table 1
also shows the distribution of the other measured
parameters according to fruit diameter class.

Finger diameter PP and FWC significantly
correlated negatively with FF (Eqs 1-3). Large
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T able 1. Distribution of plantain finger diameter, finnness pulp/peel ratio, fruit weight, fruit water content at ambient

temperature (21-24 °C)

Parameter Diameter distribution (mm)
30-34 35-39 40-44 44-49 50-54
Frequency 5 13 52 20 10
Firmness (N) 59.1* 60.8 56.9 44.7 39.6
(0.58) (1.30) (2.19) (1.85) (1.24)
Pulp/peel 1.32 1.47 1.71 2.09 221
ratio (g/g) (0.09) (0.21) (0.26) (0.10) (0.15)
Fruit weight (g) 240.5 235.9 229.2 219.6 216.1
(3.97) (4.32) (3.29) (4.17) (2.46)
Fruit water 58.9 60.8 64.4 71.2 73.5
content (%) (db) (1.22) (0.95) (2.35) (3.65) (1.87)
*Figure in bracket are standard deviations.
diameter fruits with high PP were found to PP =-0.256 + 0.048 FD  (r=0.987) 8)

have low FF because of low peel content.
Penetration resistance has been found to be
more in peel than in pulp [2,8]. Heavy fruits
with low moisture content had high FF (Eq. 4),
showing that plantain FWC influence FF con-
siderably:

FF=98.504 - 1.102FD (r=-0.920) 1

FF =93.602 - 23.513 PP (r=-0.955) )

Since firmness, like hardness, may be
defined as resistance to deformation, then it
follows that, for plantain fruit, more water
content will reduce firmness as has been re-
ported by Zoerb and Hall [18]:

FF = 146902 - 1.440FWC (r=-0971) (3)

FWC =205.468 - 0.612 FW (r=-0.996) (4)
The low FWC in heavy fruits may be due
to their low PP. This is so because while FWC
increased with increase in PP (Eq. 5) those
fruits with high PP had low weights (Eq. 6):

FWC =36.596 + 16.570 PP (r=0.998) (5)

PP =10.204 - 0.037 FW (r=-0.999) (6)

It was interesting to observe that large
diameter fruits correlated negatively with FW
(Eq. 7) and the larger the fruits, the larger the
PP (Eq. 8); showing fruits that have filled
completely:

FW =282.944 - 1.302FD (r=-0991) (7)

However, large diameter fruits were found
to contain high water content (Eq. (9)) and low
FF (Eq. (1)), thus making heavy fruits to have
high FF (Eq. (10)) because of the high propor-
tion of peel they contain:

FWC=32496+0.792FD (r=0.984) (9)

FF =-144.761 + 0.863 FW (r=0.947) (10)

Holder and Gumbs [8] found that the
penetration resistance of the banana peel is
about twice that of the pulp. The more the pulp
in a fruit the less the overall FF because of its
FWC. However, during the transportation of
the fruit, firmness plays an important role in
withstaning mechanical damage. For PP above
1.6, FF is generally less than 50 N and FWC
above 60 %. So it may be advantageous to
transport firm green fruits with moderate PP.

Again, the distribution of the FD showed
that in the design of containers for truck trans-
port of the plantain fruit, FD of 35-49 mm, FF
of over 50 N and PP of below 1.6 should be
used. Also FF and FD may help one assess
with ease, the maturity of the plantain at har-
vest. Once over 50 % of the fingers in a bunch
have attained FF of 45-55 N and FD of above
40 mm, the bunch may be said to have ma-
tured enough to withstand an appreciable
amount of mechanical damage and should be
harvested.
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In storage FF and FWC decreased with
DS. At e end of 15-d storage FF decreased
from 56.1 to 30.6 N (54.5 % reduction) while
FWC was reduced by 32.2 % from 66.8 to
45.3 % (Table 2). At 6-DS, FF is above 50 N,

FF and FWC decreased. Considering the value
of FWL, FF and PP at 6-DS, it is evident that
there was a sharp textural variation charac-
terized by both softness and the development
of the peel’s yellow coloration. It may be

T able 2. Changes in mechanical properties of plantain in storage

Parameter Days in storage
0 3 6 9 12 15
Firmness (N) 56.1% 54.0 50.8 39.6 34.1 306
2.32) (2.06) @.77) (1.91) (1.28) (2.89)
Fruit weight 0 3.53 40.95 6.73 7.37 2.66
loss (%) ©) (0.88) (0.40) (0.22) (0.38) (0.95)
Fruit water 66.8 62.6 58.1 54.3 49.7 453
content (%) (db)  (2.48) (1.80) (3.59) @2.32) (2.50) (2.68)
Pulp/peel 1.59 1.67 1.82 2.19 231 2.35
ratio (g/g) (0.025) (0.082) (0.046) (0.072) (0.051) (0.066)

*Figure in bracket are standard deviations.

PP is 1.82 meaning that the fruits were still
hard enough to withstand packing load and
mechanical damage. Since high PP is associ-
ated with low firmness, the peel is a major
component of the fruit that could be advant-
ageous for resisting applied load [1]. At 9-DS,
FF had dropped to below 40 N with PP above
2.0 because the plantain fruits had shown signs
of ripenning. The low FF and PP associated
with the plantain fruit ripeness are in agre-
ement with findings of Peleg and Gomez Brito
[14] that the ripenning of plantain fruit is ac-
companied with considerable decrease in the
apparent compressive strength, equivalent to
FF (a drop from 50.8 N at 6-DS to 39.6 N at 9-
DS when most of the fruits had ripened). The
relationship betweeen fruit parameters and DS
under an ambient temperature of 21-24 °C are
given in Egs. 11-14. There was a steady in-
crease in fruit weight loss (FWL) as storage
progressed.

FF = 58.371-1.890 DS (r=-0977) (11)
FWC = 66.848-1.429 DS (r=-0.999) (12)
PP =1.553+0.058 DS (r=10.970) (13)
FWL = 1.354+0.491 DS (r=0.942) (14)

As PP and FWL increased with DS both

possible to classify plantain fruits with FF less
than 40N as ‘soft’, those with FF greater than
55N as ‘hard’ and those with FF between these
two limits as ‘firm’. One may conclude from
this study that under an ambient temperature
(21-24 °C) of plantain fruits may store for up
to 6-DS and still remain ‘firm’ enough to with-
stand packing and transportation loads. Be-
yond 6-DS, plantain fruits must have started
ripening; packing and transporting them at this
stage requires extra care to minimize mechan-
ical injury.

CONCLUSIONS

1. For engineering desing, plantain fruit
diameter (peel included) may be taken to be
between 35-49 mm.

2. Fruit firmness decreased as finger
diameter, pulp/peel ratio, fruit water content and
days in storage increased. Only fruit weight
correlated positively with firmness, at harvest.

3. Large diameter fruits have low fruit
weight with higher pulp/peel ratio than small
diameter fruits, because they contain higher
fruit water content.

4. Pulp/peel ratio, an important parameter
in fruit transportation that affect fruit firmness,
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has a negative correlation with fruit weight,
but a positive one with fruit diameter and days
in storage.

5. If over 50 % of the fingers in a bunch
have a firmenss between 45-55 N for finger
diameter above 40 mm, plantaint fruits may be
said to have matured and the bunch harvested.

6. Plantain fruits lose firmness and water
content as they ripen in storage, though their
pulp/peel ratio and weight loss increase.

7. Plantain fruit of firmness less than 40N
may be termed ‘soft’ more than 55N termed
‘hard’ and between these two limits termed
‘firm’.

8. Plantain fruit can store up to 6-d under
ambient conditions and still remain ‘firm’. Be-
yond this storage time ripeness may set in and
the fruit softens.
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