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Mineral levels and moisture contents of Musa paradisiaca fruits (pulp and peel)
have been monitored with time of development as fruits remained on the plant
and as fruits ripened off the plant. Fruit bunches sampled from day 90 of bunch
emergence had higher mineral levels than those sampled from day 60. The
exceptions were P, Zn, and Cu whose levels were lower. Mg, Fe, K, Zn, and Cu
increased in the peel to a maximum at day 96 before decreasing while in the
pulp they kept increasing throughout. Al, Na, N and Mn increased in the pulp,
reached a maximum at day 96, and decreased rapidly thereafter, whereas in the
peel they increased steadily throughout. This is attributed to translocation of
some of these minerals from the peel to the pulp and vice versa in addition to
movements of such minerals from other parts of the plant to the fruits during
growth. Moisture levels decreased for bunches that remained on the plants but
the peel consistently had more moisture than the pulp. The point of minimum
moisture content is concluded to correspond to the point of maximum matura-
tion for these fruits (90 days after bunch emergence) and is here recommended
as harvesting time. Maturation ripening was faster for bunches harvested from
the plants than those on the plants, the rate increasing in the order of increasing

injuries on the bunch.

INTRODUCTION

The plantain plant (Musa paradisiaca) which is a
permanent crop in the tropics grows prolifically in the
warm and humid southern parts of Nigeria. Optimum
growth conditions for plantain has been reported as
27°C and 2000 mm rainfall per annum (Phillips, 1977).
In Nigeria, the fresh, mature, unripe plantain pulp can
be consumed roasted or boiled or fried into chips or
prepared into porridge or sun-dried and milled into
flour, specifically, for use in the preparation of a
starchy Nigerian dish (Ukhun & Ukpebor, 1991). Ripe,
peeled plantain can be eaten directly or boiled or sliced
into flakes and deep-fried in vegetable oil.

Plantain fruits may be seen on plants virtually all the
year round, especially as one moves from one part of
the country to the other. This implies that, even during
harsh weather conditions such as strong winds and
high temperatures which are known to scorch the
pseudostems of the plants, fruit-bunches at varying
stages of maturation may still be seen hanging from the
plants. Such plants often fall over as a result of broken
pseudostems with fruits which may not be mature
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enough to give the desired flavours by any of the methods
of preparation. Sometimes the farmers concerned allow
such fruits to remain on the fallen plants for some time
to improve the maturation. These, however, seldom
attain that desired maturity found in normally grown
plants. In every plantain market, therefore, bunches of
plantain are found being sold which are at various
stages of maturation with little or no scientific method
to assist the customer or determine what he or she is
buying.

Ketiku (1973) and Ladele et al. (1984) have published
results of the chemical composition of ‘Green’ and
‘ripe’ plantains (Musa paradisiaca) but without their
mineral compositions. However, the manganese con-
tent (Offem & Edet, 1989), phosphorus content (Offem
& Edet, 1991) and carbonate-carbon content (Edet et
al, 1987) of some organs, including the fruit, of the
plantain plant have been reported. In a series of works
aimed at highlighting the chemical properties of the
plantain fruit at any given state of maturation we
intend to inform the consumer of the properties of the
plantain being bought and to educate the farmer on
how best to know the appropriate time to harvest a
bunch. Here we present the work on the distribution
of minerals in the fruits in relation to the mode and
degree of maturation.
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Table 1A. Changes in the mineral levels (based on weight of plant ash at 450°C) of developing fruits of Musa paradisiaca at
various stages of maturation (bunch remaining on plant throughout and samples taken starting day 60)

Time after ppt ppm Yem/m
bunch moisture
emergence Ca Mg Fe Al K Na N P Mn Zn Ch ——m——
(days) Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel
60 178192 157166 81 87 94112 263284 1216 228206 116122 48100 375393 162174 503527
70 194206 155169 93101 95118 272292 1821 262223 119115 49117 387404 207221 491515
80 20-121-8 158170 137116 99121 285299 2732 296238 122126 521233 392413 255288 480510
90 225241 166175 151129 108126 297305 3136 339252 128118 74135 419426 302327 475489
92 247249 165178 166143 127143 304296 3338 347308 132125 92156 447438 369334 472483
94 251258 168176 197155 146159 318287 3535 356311 140129 98161 481447 395356 470483
96 266272 172181 212163 152174 326301 3833 361307 146132 106179 503461 417374 470488
98 274277 181177 226158 145178 361284 3438 364303 150134 94197 527476 403381 476506
100 308302 186172 228152 136182 375252 3140 362314 148133 90223 535469 429365 497518
102 30-830-2 186172 228158 136182 375252 3140 362314 148133 86251 535469 429365 529543
104 320285 194163 338131 124189 412204 2244 365306 149134 81262 567502 443395 546567
106 328281 197164 352116 11-721-5 408199 2248 361310 153137 83277 592516 455361 613634
108 334274 202161 367111 113221 446185 2047 364313 152135 77295 635535 467386 624638

Each value is the mean of duplicate analyses per plantain finger per each of the five bunches. Values are corrected to one decimal place.

% m/m moisture is based on dry sample at 105°C.
MATERIALS AND METHODS

The cultivation of the plantain plants used in this study
has been described in a recent work (Offem & Njoku,
1992). The entire plantation was scanned and a total
of twenty plants were identified and labelled. Their
pseudostems were properly supported using fork-like
sticks to prevent them from being blown down by
strong winds and the fruits were used for this study.
The plants were chosen on the basis of sighting an
emerging bunch within a one-week (7 days) scan
period. The exact day of sighting the bunch for each
plant was recorded. Two types of experiments (1 and 2)
were conducted using ten of the twenty plants per
experiment. In experiment 1, the fruits of the ten
plants, which were allowed to remain on the plants
throughout the experimental period, were divided into
two groups (five plants per group). In group one
samples (Table 1A) each was analysed at the listed
intervals, from day 60 after sighting the bunch), while
in group two samples (Table 1B) analysis of the fruits
did not commence until day 90 of sighting the emerging
bunch when, for the purposes of this study, maturity
was attained as preliminary investigations revealed.

In experiment 2, the ten plants were similarly divided
into two groups of five and while group one fruits were
analysed from day 60 of bunch emergence to day 90
before bunches were harvested from the plants, group
two fruits remained intact until they were harvested on
day 90. The harvested bunches of both groups were
separately covered with leaves in a shade within the
plantation and allowed to ripen. During this period,
samples were taken for analysis at the intervals listed in
the Tables.

Sampling of each fruit bunch for analysis was done
systematically. At each sampling stage, the central
fingers in the top row of the second hand of each
bunch were analysed first, followed by those to the left
and then the right in that order, until the top row was

exhausted before beginning with the bottom row, also
in that order. Counting of the hands on the bunch
hanging from the plant in the natural position followed
a spiral direction (Gottreich e al., 1964). All harvesting
was done at noon with a sharp steel knife which was
also, used for cutting off plantain fingers from the bunch
and ensuring that both tips of the fingers were sliced off
completely. Each finger was washed thoroughly with
deionized water. These were individually and carefully
separated into peel and pulp and allowed to dry at
room temperature. Each component was chopped into
tiny pieces on a wooden board ensuring that dust
particles and extraneous matter were not introduced.
The chopped pieces were homogenized in an electric
blender (National Model MX-29 IN) for 10 min and
put in a porcelain boat of known weight and weighed
before allowing them to dry at 105°C to constant weight.
They were allowed to cool at 50°C before cooling in a
desiccator to room temperature prior to weighing.
Percentage moisture content was calculated from this.

Each dry sample powder was ashed at 450°C for
3 h using a Muffle Furnace (Gallenkamp model) with
temperature range 0 to 1100°C, and stored in a desicca-
tor until required. About 0-5 g of the oven-dried and
ground ash sample was accurately weighed and
evaporated to dryness in a porcelain crucible with 5 ml
concentrated HNO,. Thereafter, 2 ml 50% HCl was
added to dissolve the residue after which 20 ml of
deionized water was added with warming. The resulting
solution was filtered through a Whatman No. 44
ashless filter paper into a 100 ml flask and the residue
washed thoroughly with hot deionized water. The
filtrate, when cooled to room temperature, was diluted
to volume, and the solution was used for analysis.

The metallic elements were determined using a
computerized 181-70 Zeeman Atomic Absorption spectro-
photometer, while phosphorus was determined by the
vanado-molybdate colorimetric method (AOQAC, 1984)
using a Pye Unicam UV/visible SP6 series, Model 450
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Table 1B. Changes in the mineral levels (based on weight of plant ash at 450°C) of developing fruits of Musa paradisiaca at various
stages of maturation (bunch remaining on plant throughout and sample taken starting day 90)

Time after ppt ppm Yom/m
bunch moisture
emergence Ca Mg Fe Al K Na N P Mn Zn Cu —_—
(days) Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel
90 28-829-3 205212 261174 122129 403372 2328 461403 81 94 86192 352366 236242 477481
92 279305 21-6235 268187 135137 431356 1929 453417 87 93 91226 360374 251237 465478
94 305319 213246 263205 139145 428382 2037 478434 93 99 108215 366353 247258 473489
96 318366 227253 269226 143152 445391 2635 503449 95103 11-8238 372342 259231 487491
98 322341 234241 274231 156168 462403 1833 517343 90109 131275 383337 264227 498503
100 327356 245228 288250 175181 486374 2237 535475 98117 172291 375308 308203 514531
102 334325 261211 291252 182193 478325 3028 542461 103112 18-:528-5 389316 316221 527546
104 345303 268203 307242 197207 507286 3240 503448 106121 182306 396327 332264 533554
106 353317 276194 324236 191213 513253 2738 575423 114126 197313 407336 349274 539551
108 381329 252217 356204 182227 538246 2949 518407 123128 193325 431351 367305 545558
110 379295 297208 382186 173235 521251 3450 607409 129123 187338 448383 361301 548561
112 384281 304182 404180 175246 542237 3146 613414 132119 164346 437391 392316 571583
114 381298 283196 423175 163248 549225 3547 625397 126127 149341 462406 400337 595589
116 378335 288172 447171 164237 551234 3251 664383 121232 126372 468412 397333 612623
118 383326 293180 441164 159251 542248 3352 654365 119138 13-1385 477404 413382 628615
120 380294 306175 432182 147246 563257 2958 687331 107126 11-741-0 453398 429377 633650

Each value is the mean of duplicate analyses per plantain finger per each of the five bunches. Values are corrected to one decimal place.

% m/m moisture is based on dry sample at 105°C.

spectro-photometer. A Zeiss flame photometer was
used to determine sodium and potassium and the
Kjeldahl method was used for nitrogen. Soil analysis
and description for this plantation has been given
previously (Offem & Njoku, 1992).

RESULTS AND DISCUSSION

Before discussing the results of this investigation, it is
perhaps relevant to point out that Awan & Ndubizu
(1978) investigated some storage conditions of ‘fully
matured’, fresh, unripe plantains and found that
plantains stored at room temperature ripened in 14 days
while those treated with purafil and those refrigerated,
ripened after 21 days (Ndubizu, 1976). In the same
manner, George (1985) reported that fruits harvested
when ‘firm and green’ could be maintained at ambient
temperature in this unripe (preclimacteric) condition
for days or weeks, but once the climacteric respiratory
rise commences, they ripen rapidly and spontaneously,
turning full yellow in 3-4 days. Consequently the
potential storage life of plantain, he concluded, is
determined by the preclimacteric period (PCP) or the
greenlife of the fruits. We observed in this work that ali
the fruits studied could unequivocally be described as
‘fully matured’ or ‘firm and green’ at 90 days after
bunch emergence, even though this description could
be applied equally to fruits in the age range 84-94 days
since bunch emergence without any serious contradic-
tion. Even though not specified, Awan & Ndubizu
(1978) and George (1985) could have used plantain
samples harvested within this age bracket.

Tables 1A-2B present results of changes in mineral
levels of the plantain fruits with stages of maturation
according to the procedures described in experiments

1 and 2. In Tables 1A and 1B both samples had their
bunches remaining on the plants throughout the experi-
mental period but a quick glance at the results on day
90 after bunch emergence (and the subsequent samples)
reveals that the mineral levels in both the pulp and peel
are higher for 1B samples than for 1A samples with the
exceptions of P, Zn and Cu in which they are lower.
The moisture content is also higher for group 1B
samples. This could possibly be explained on the basis
of the injuries inflicted on the 1A bunches earlier on,
when samples for analysis on days 60, 70 and 80 from
bunch emergence were harvested. Such injuries could
have hindered free movement of minerals and involved
some of them in the healing processes. This is in
agreement with earlier findings: Perring et al. (1984)
observed the concentration of Ca to be lower in all
zones of apples with water core disease and the propor-
tions of Ca in such affected apples were higher in the
outer zones and much lower in the core zones. On the
hand, Biddappa (1984) found the concentrations of Cr,
Pb, Ba, Bi, Ga, Sr, and Li to be significantly higher in
diseased coconut palms.

In experiment 1, sample harvesting and analysis
ended on day 108 after bunch emergence for 1A plants
as opposed to day 120 for 1B plants. The degree of
ripeness (degree of maturation) was, however, similar
at both days for the respective samples. This was when
samples were so over-ripe that they were at the brink of
becoming rotten. In other words, 1A samples ripened
earlier (92-98 days after bunch emergence, and had
faster rates of maturation/ripening than the 1B samples
which started ripening only after day 106, in most
cases. Again this could be explained in terms of the
wounds on the bunches.

When the elements are taken individually, one
observes that Ca increased steadily in the pulp of 1A
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Table 2A. Changes in the mineral levels (based on weight of plant ash at 450°C) of ripening fruit of Musa paradisiaca with time
(fruit samples taken at intervals prior to harvesting of bunch on day 90)

Time after ppt ppm Yem/m
bunch moisture
emergence Ca Mg Fe Al K Na N P Mn Zn Cy —mm—
(days) Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel
60 183201 153172 84 89 95110 265281 1519 301204 117123 47102 375402 164171 497524
70 19921-3 157165 109 97 102118 272296 2125 307225 119112 50123 387416 202229 490515
80 217225 163171 135113 118125 285304 2731 314238 120116 59137 396428 268275 482508
90 232250 17-1178 153132 107130 301313 3338 337256 127119 82141 421433 306330 473493
92 236253 175183 159135 131141 324328 3236 344261 132123 99148 432425 314336 448462
94 244245 17-2185 162131 133145 358301 3137 326274 137117 91135 438429 227382 437475
96 258236 170186 167127 128157 396274 3438 302307 141102 10612:6 427432 201406 462493
98 26-423-1 167189 173123 121162 419205 3335 287312 143 95 11-211-1 435427 148374 515535
100 266228 158191 185120 112189 447187 3536 245328 145 78 117103 439431 13.739:2 581606
102 263225 154193 206116 106201 453169 3437 236337 148 64 120 91 436430 102426 628644

Each value is the mean of duplicate analyses per plantain finger per each of the five bunches. Values are corrected to one decimal place.

% m/m moisture is based on dry sample at 105°C.

samples throughout the experimental time whereas, in
the peel, it increased up to a peak at days 100-102
when it started declining. For 1B samples, Ca increased
steadily in the pulp reaching a peak (approx. 38-1 ppt)
at day 108 and, practically remained constant at a
mean of about 38 ppt thereafter. The same trend is
observed in the peel which had a maximum Ca content
of 32:9 ppt at day 108 and stabilized at a mean of
about 30-5 ppt thereafter. There was more Ca in the
peel than in the pulp up to day 100 for both 1A and 1B
samples but thereafter it was the pulp that had more
Ca.

The levels of Mg, Fe and K increased in the peel of
1A samples up to day 96 and levels of Zn and Cu up
to day 98 before decreasing steadily for the rest of the
experimental period while the levels of these elements
in the pulp increased gradually throughout. On the
other hand, Al, Na and Mn increased in the pulp to a
maximum at day 96 and N to a maximum at day 98
before decreasing rapidly throughout whereas they
increased steadily throughout in the peels.

Increases and decreases of all the elements followed
quite a different pattern for 1B samples. For example,
Mg in the pulp increased to a maximum at day 100
and remained virtually constant thereafter whereas in
the peel it increased up to day 96 before stabilizing
thereafter. Fe increased in the pulp throughout the
experimental time but increased in the peel up to day
102 before decreasing rapidly, and so on. It would
appear that in addition to the rapid movement of some
of these elements from other parts of the plant to the
fruits and vice versa during maturation and senescence,
there is some translocation of these minerals from the
peel to the pulp and vice versa. Perring and Pearson
(1984) observed a similar trend and reported differences
in concentration gradients of Ca, Mg and P between
Cox’s-orange pippins and Spartan apple fruits. While
‘Spartan’ apples had higher proportions of Ca and P
in the core, ‘Cox’ apples had higher proportions of P in
the inner cortex. They also observed that differences
in Mg gradients varied with age. Similarly Diver et al.

(1984) noticed that the contents of N,K,P and Zn in
pecan fruits increased slowly until the 10th week after
full bloom, then rapidly until fruit maturity, while Ca,
Mg and Mn accumulation in the fruit was linear
throughout fruit development. Fe, they reported,
increased as the fruit matured. The kernel contained more
N, P, Zn and Fe at maturity than the shuck or shell
while K, Mn, Ca and Mg were highest in the shuck.
Ferguson (1980), measured the concentrations of Ca,
Mg, K and P in the fruit of the kiwifruit (4. chinesis
Planch) at intervals over the growing period and ob-
served that maximum Ca content was reached sooner
than for the other nutrients while K and P continued to
move into the fruit over the whole growing season. They
further assessed the mineral distribution in the mature
fruit and found a marked gradient of Ca content, which
was highest at the basal end of the fruit; K and Mg did
not show such marked patterns. The skin and seeds
(with surrounding flesh) had the highest concentrations
of Ca and Mg; K was proportionately higher in the
flesh than the other nutrients. Our results agree to some
extent with these findings and those of Lewis (1980).

Looking at Tables 2A and 2B where bunch samples
were harvested from the plants on day 90 after bunch
emergence and allowed to continue with their maturation
process out of the plants, a completely different pattern
of mineral distribution as well as rate of ripening
emerged. The 2A bunches, from which sample fingers
were harvested periodically from day 60 after bunch
emergence, completed their ripening process as early as
day 102 while 2B bunches which were intact all
through and only harvested on day 90 did not complete
their ripening process until about day 110. When
compared with experiment 1, this means that the rate
of maturation and subsequent ripening increases in the
order 2A samples >2B >1A >1B samples. The level of
injuries on the bunches followed this order.

Harvesting the bunch from the plant at maturity
obviously accelerates the rate of ripening of fruits and
early injuries on the bunch also accelerate ripening. It
would appear that the halt in the transport of minerals
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Table 2B. Changes in the mineral levels (based on weight of plant ash at 450°C) of ripening fruit of Musa paradisiaca with time
(no fruit samples taken until bunch was harvested on day 90)

Time after ppt ppm Y%m/m
bunch moisture
emergence Ca Mg Fe Al K Na N P Mn Zn Cu _
(days) Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Pee! Pulp Peel Pulp Peel Pulp Peel Pulp Peel Pulp Peel
90 287295 203216 265178 126132 403371 2428 457394 8595 87182 353368 238246 487503
92 306 316 196222 272171 137142 412341 2529 436403 8992 102195 357372 213263 475481
94 32:130-3 191229 279166 141149 435332 2831 423417 9591 107190 348375 206282 483489
96 338292 183234 295163 133156 458306 3129 408432 9787 114173 344379 199362 504524
98 355287 174237 317158 125158 461282 3426 386456 9983 119167 337388 187383 516533
100 356252 168241 312156 11-6170 473216 3327 377461 10378 126160 331403 173395 531551
102 36-1257 163245 329157 11-1165 478193 3231 372479 11675 124150 329412 154378 538572
104 358253 156248 336152 118173 497182 3535 342502 12372 130157 317431 136401 554599
106 357249 145250 335148 113176 523157 2933 308518 14666 136151 324447 141423 597607
108 360252 140256 338145 108182 556183 3328 286512 15361 141149 320458 113427 612625
110 359254 137254 343141 105193 549111 3435 275523 11858 139143 318466 106419 635653

Each value is the mean of duplicate analyses per plantain finger per each of the five bunches. Values are corrected to one decimal place.

% m/m moisture is based on dry sample at 105°C.

from other parts of the plant to the bunch, and vice
versa, as a result of cutting the bunch off the plant, has
the effect of dehydrating the bunch stalk (tending
towards rotting) which facilitates the ripening process.

In most cases, mineral levels were higher for bunches
which remained on the plants than those off the plants
at any given ages of the bunches. This is as should be
expected as the latter bunches are excised from the
main stream of mineral flow. Nevertheless, the results
show marked drift of some minerals from the pulp to
the peel and vice versa in the cut samples as ripening
progressed. Perring (1984) and Ferguson & Watkins
(1983) observed similar trends. Perring (1984) found
the levels of Ca to decline in the core and increase in
the cortex during the first four months of harvesting
and storage of apple fruits. K levels increased in the
inner cortex, while those of P increased in the inner
cortex and, during the first two months of storage, in
the core. Mg declined steadily in the peel and outer
cortex with corresponding increases towards the fruit
centre.

These changes, according to Perring (1984), were
mainly independent of storage conditions which was
the case in the present study. Ca and Mg moved to the
core region when core browning developed towards the
end of storage period. On the other hand, Ferguson &
Watkins (1983) who measured the levels and distribu-
tion of Ca, Mg and K in stored apple fruits after post-
harvest vacuum-infiltration of Ca or Mg bitter pit
control, observed that the highest concentration of
each cation occurred in the skin and core while the
lowest was in the outer cortex. They also found that
the concentrations of all three cations in the outer
cortex increased during storage.

Ladele et al. (1984) noticed a gradual increase in
the protein content of plantain pulp, calculated from
Kjeldahl Nx 6-25, from ‘green’ plantains to ‘just ripe’
and then to 6 days thereafter. Our steady increase in
nitrogen in the pulp of plantain (Tables 1A and 1B)
confirms this trend but Tables 2A and 2B show initial

increases up to the ripening stage when nitrogen levels
started declining. Offem & Edet (1991) observed an
increase in phosphorus content of Musa paradisiaca
fruits from unripe to ripe fruits, which is confirmed by
the pulp of our samples in both experiments 1 and 2.
Working with ‘Williams’ banana, Turner & Barkus
(1983) observed that a large proportion (20-30%) of N,
P and K were located in the fruit, Ca, Mg and Mn
accumulated in the trash (29-—44%) and roots were high
in Na, Cu and Zn (29-50%). Looking at our work side
by side with a recent work (Offem & Njoku, 1992)
our findings corroborate those of Turner & Barkus
(1983).

Moisture level in plantain pulp and peel decreased
steadily, in bunches that remained on the plants from
respectively 50-3% and 52-7% on day 60 (1A samples)
to a minimum of 47-0% on days 94 and 96 for pulp
and 48-3% on day 92 and 94 for peel when it rose
rapidly (onset of ripening) and continued to rise for the
rest of the experimental time. The peel consistently had
more moisture than the pulp. The point at which
minimum moisture content of peel is achieved while the
bunch is still growing on the plant could here be
confirmed as the point of maximum maturity of the
plantain fruit. For plantain pulp of bunches that were
severed from the plant, moisture content increased
continuously throughout the experiment after an initial
drop 2 days after harvesting. Awan & Ndubizu (1978)
observed moisture contents of plantain to increase
from 49-4 to 57-5% from the time of harvest to 14 days
of storage. Similarly, Ladele et al. (1984) reported a
moisture content increase of 50% in ‘green’ plantain to
60% in fruits of 6 days after the ‘just ripe’ situation.

In conclusion we would suggest that farmers be
vigilant in their plantations to observe the time of
bunch emergence for each plant and allow about 90
days from that time before harvesting the bunches.
Fruits from 90 day-old bunches, or thereabouts, have
the best ratios of mineral levels for human diets. Also,
the high levels of some minerals in the plantain peel
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makes it attractive for incorporation into animal feeds
and also in ‘ofong’ soup in which, it constitutes one of
the major ingredients. The latter is a delicacy amongst
the Efik and Qua people of south-eastern Nigeria.
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