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Abstract

Green bananas were harvested at the full three-quarter stage, conditioned in polyethylene and stored for 35 days at 16 =1 °C and
85% relative humidity. Peel colour changed with time. The yellow colour ideal for consumption was achieved at 21 days and, after 28
days, brown specks started to appear. There was a significant increase in the pulp-to-peel ratio. The green fruit had high starch and
low soluble sugars levels. Starch levels decreased significantly throughout ripening. At the seventh day of storage sucrose was
prevalent, however, fructose and glucose levels increased while sucrose remained constant, decreasing after 28 days. Starch loss
followed a first order reaction. Formation of glucose and fructose followed zero order kinetics with higher rate for fructose. The
bioactive amines detected were putrescine, spermidine and serotonin. Serotonin decreased significantly after the 14th day of storage.
Putrescine levels were similar up to 21 days and decreased significantly thereafter.
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1. Introduction

Banana (Musa spp.) is one of the most important
fruit crops in Brazil (FAO, 1999). Brazil is the second
worldwide producer, contributing 11% of the total
production and the highest per capita consumption (50—
60 kg/year). Banana is the most consumed fruit in the
world. It constitutes a valuable source of energy, vita-
mins and minerals and an important food component
throughout the world.

Through breeding, several different banana varieties
are available worldwide, with well-known agronomic
characteristics and organoleptic properties such as col-
our, size, texture, sweetness and flavour. According to
Mota, Lajolo, and Cordenunsi (1997), ripened bananas
of different varieties have distinct starch levels and dif-
ferent soluble sugar profiles and contents. However,
little is known about the metabolic changes of some
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varieties during storage and ripening and its conse-
quences in the final product.

During ripening there are changes in appearance,
texture and chemical composition of banana. The colour
of the peel goes from green to yellow. There is migration
of water from the peel to the pulp and degradation of
starch, which can soften the pulp. There is also pro-
duction and accumulation of low molecular weight
sugars. These changes contribute to the appearance,
desirable sweetness and eating quality of the ripened
banana (Marriot, 1980; Mota et al., 1997).

According to Forsyth (1980) and to Hubbard, Pharr,
and Huber (1990), the most relevant biochemical change
occurring during banana ripening is the conversion of
starch into simple sugars. Starch level in banana de-
crease to very low levels with ripening. Simultaneously,
there is an increase in soluble sugars content from 1 to
20 g/100 g. The soluble sugars detected in ripened ba-
nana are mainly sucrose, glucose and fructose (Fer-
nandes, Carvalho, & Cal-Vidal, 1979; Forsyth, 1980;
Mota et al., 1997; Terra, Garcia, & Lajolo, 1983). The
relative proportions of these constituents depends on the
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stage of maturity and on the variety (Loeseck, 1950).
Investigations by Terra et al. (1983) indicated that, in
Musa acuminata, as starch was degraded, sucrose con-
tent increased and preceded formation of glucose and
fructose. The hexoses which appear after sucrose, ulti-
mately exceed sucrose concentration (Hubbard et al.,
1990). According to Terra et al. (1983), amylases, gly-
cosidases, phosphorylases, sucrose synthase and invert-
ase can act in the degradation of starch and in the
formation and accumulation of soluble sugars.

The presence of bioactive amines has been reported in
different edible fruits. According to Marriot (1980),
Smith (1980-81) and Coutts, Baker, and Pasutto (1986),
dopamine, noradrenaline, octopamine, serotonin, his-
tamine and 2-phenylethylamine have been detected in
banana and banana products. Amines such as hista-
mine, phenylethylamine and serotonin can act as pro-
tecting substances, deterring insects and molds (Gléria,
2003). Dopamine and noradrenaline are susceptible to
enzymatic browning, being responsible for such reac-
tions in banana (Marriot, 1980). According to Coutts
et al. (1986), serotonin is involved in the regulation of a
number of important functions in men, including
sleeping, thirst, hunger, mood and sexual activity.

According to Foy and Parrat (1962), the levels of
noradrenaline, serotonin and dopamine in plantain and
in ‘matoke’ (M. sapientum var. paradisiaca) increase
with ripening, decreasing in the over-ripe fruit. How-
ever, Vettorazi (1974) reported that serotonin levels
decreased during ripening of M. cavendish.

‘Prata’ is one of the most consumed banana in Brazil.
There is contradictory information on sugars (Fernan-
des et al., 1979; Mota et al., 1997; Torres & Brandao,
1991) and no information on bioactive amines in the
green fruit and changes which occurs during ripening.
The objective of this work was to follow changes in
colour, pulp-to-peel ratio, starch, soluble sugars and
bioactive amines during storage of ‘Prata’ banana at
16 £1 °C and 85% relative humidity for 35 days. Such
information will allow understanding on how these
changes affect eating quality and shelf life of banana.

2. Materials and methods
2.1. Materials

Samples of ‘Prata’ banana (M. acuminata x M.
balbisiana) were provided by ‘Fazenda Experimental —
EPAMIG’ in Janauba, state of Minas Gerais, Brazil.
Bananas of the second bunch from the stalk were har-
vested green at the full three-quarter stage (34 mm di-
ameter). The fruits were conditioned in polyethylene
boxes and stored at 16 1 °C and 85% relative humid-
ity. Samples were collected at seven day intervals and
analyzed for peel colour, pulp/peel ratio, levels of starch,

soluble sugars and bioactive amines. The fruits were
harvested at three different times throughout the year.

2.2. Methods of analysis

2.2.1. Peel colour

The colour of the peel was monitored by comparison
with a scale developed by Loeseck (1950) for ‘Prata’
banana ripening. The scale ranged from 1 to 8, with
values representing, respectively: Green (1), traces of
yellow (2), more green than yellow (3), more yellow than
green (4), yellow with green endings (5), completely
yellow (6), yellow with slight brown specks (7), and
yellow with more brown specks (8).

2.2.2. Pulp-to-peel ratio

The pulp-to-peel ratio was determined by weighing
the parts of individual samples in an analytical balance.
The results were expressed as percent pulp relative to
peel weights.

2.2.3. Starch

The samples were defatted with diethyl ether, and the
soluble sugars were removed with 80% ethanol at 80 °C
(several successive extractions). After drying the residue
at 70 °C, the starch was hydrolyzed with 0.25 M sulfuric
acid at 100 °C for 1 h. The hydrolysate was mixed with
9,10-dihydro-9-oxoanthracene (anthrone) under acidic
conditions (0.1 g/100 ml of 76% sulfuric acid), heated for
10 min and cooled. A blank was prepared with distilled
water instead of sample extract. The absorbance was
determined at 620 nm in a Shimadzu UV-Vis 160A
spectrophotometer (Kyoto, Japan). The concentration
of glucose was calculated from standard curves built
periodically (> > 0.9937). Starch levels (g/100 g fresh
pulp) were determined by multiplying glucose concen-
trations by the conversion factor 0.9 (Stevens & Chap-
man, 1955).

2.2.4. Soluble sugars

The soluble sugars were extracted from samples and
analyzed by HPLC according to the procedure described
by Conrad and Palmer (1976). The samples were ref-
luxed in 80% ethanol. The extract was filtered and the
filtrate was used for HPLC analysis. The HPLC system
consisted of a SCL-8A pump, a Rheodyne manual in-
jector with a 20 pl loop, a Shim-pack CLC-NH,; column
(150 x4 mm), a differential refractive index detector
model RID-6A and an integrator model C-R4A (Shi-
madzu Corp., Kyoto, Japan). The sugars were separated
using a mobile phase of acetonitrile:water (75:25) at a
flow rate of 0.7 ml/min. The identification of the sugars
was performed by comparison of retention time of peaks
in samples with those in the standard solution contain-
ing fructose, glucose, sucrose, galactose and maltose.
Addition of the suspected sugar to the sample was used
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for the confirmation of peak identity. Quantification
was performed by means of external standard curves
(> > 0.9958). Results were expressed as grams of su-
gar/100 g of sample. Determination limit for the sugars
was 0.10 g/100 g.

2.2.5. Bioactive amines

Samples were analyzed for bioactive amines, among
them, spermine, spermidine, agmatine, putrescine, ca-
daverine, histamine, tyramine, dopamine, tryptamine,
2-phenylethylamine and serotonin, according to the
procedure described by Vale and Gléria (1997).

The amines were extracted from the samples with 5%
trichloroacetic acid and filtered through a 0.45 pm filter
prior to HPLC analysis. The HPLC system consisted of
two LC-10AD pumps; a Rheodyne manual injector with
a 20 pl loop, pnBondapak C18 (300 x 3.9 mm) and guard
columns (Waters, Milford, MA, USA), a post-column
derivatization apparatus, a fluorescence detector model
RF-551 at 340 and 445 nm of excitation and emission,
respectively; a CBM-10AD controller; and a Pentium
PC (Shimadzu, Kyoto, Japan). The separation of amines
was achieved by using a gradient elution of solution A in
B at a flow rate of 0.8 ml/min. Solution A consisted of
0.1 M acetate buffer with 10 mM octanesulfonic acid
sodium salt, pH adjusted to 5.2. Solution B was com-
posed of 0.2 M acetate buffer, with 10 mM octanesulf-
onic acid sodium salt, pH adjusted to 4.5:acetonitrile,
66:34, v/v. The derivatization solution, prepared by
mixing 25 g of boric acid, 22 g of potassium hydroxide,
0.2 g o-phthaldialdehyde, 1.5 ml Brij-35 and 1.5 ml
mercaptoethanol in 500 ml HPLC water, was pumped at
0.4 ml/min. The identification of amines was possible by
comparing retention times with those of standards and
by adding the suspected amine to the sample. The con-

centration of amines was calculated by interpolation
from standard curves (2 > 0.9926) and expressed in mg
of amine/100 g of sample. Determination limits were
0.04 mg/100 g for putrescine, cadaverine, histamine,
spermine, spermidine and 2-phenylethylamine; 0.06 mg/
100 g for tyramine, dopamine and tryptamine; and 0.08
mg/100 g for serotonin and agmatine (Vale & Gloria,
1997).

2.3. Statistical analysis

The data was subjected to analysis of variance and
the means were compared by the Duncan test at 5% of
probability.

3. Results and discussion
3.1. Peel colour

The results obtained for the colour of the peel are
shown in Fig. 1. When harvested, the colour of the peel
was green (grade 1). During ripening there was a gradual
change to yellow. In 21 days, the colour achieved grade
6 to 7, which is considered the ideal stage for con-
sumption of ‘Prata’ banana (Vieira, 1995). After that
time, brown specks started to appear, increasing with
time. The appearance of specks negatively affected the
appearance of the banana, indicating an over-ripe
product.

3.2. Pulp-to-peel ratio

The pulp-to-peel ratio of the green banana at the
beginning of the experiment (34 mm diameter) was 1.49
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Fig. 1. Values attributed to the colour of the peel of ‘Prata’ banana during storage at 16 & 1 °C and 85% relative humidity. Scale according to Loeseck
(1950): (1) green, (2) traces of yellow, (3) more green than yellow, (4) more yellow than green, (5) yellow with green endings, (6) completely yellow, (7)
yellow with slight brow specks, (8) yellow with more brown specks. Values with the same letter do not differ significantly by the Duncan test at 5%
probability. (For interpretation of the references to colour in this figure legend, the reader is referred to the web of this article.)
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(Fig. 2). During ripening, there was a significant increase
in the pulp-to-peel ratio with time, reaching 2.10 at the
ideal stage of consumption (21 days of storage) and 2.29
at 35 days of storage. These results are similar to those
reported by Loeseck (1950) and Fernandes et al. (1979).
According to Loeseck (1950) and Fernandes et al.
(1979), there is an increase in water content of the pulp,
derived from carbohydrates utilized in respiration and
osmotic transfer from the peel to the pulp. This happens
as a marked difference in osmotic pressure between peel
and pulp develops during ripening, because sugar con-
tent increases more rapidly in the pulp than in the peel.

3.3. Starch levels

The mean level of starch in the green banana was 15.7
g/100 g (Fig. 3). During ripening it decreased signifi-
cantly to 3.40 g/100 g at 21 days (ideal stage of con-
sumption) and to 2.27 g/100 g at 35 days of storage.
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The starch levels detected in this study are lower than
those reported by Mota et al. (1997) for ‘Prata’ banana
(17.4-18.7 g/100 g) in green fruits, but similar to the
levels found by these investigators for ripened banana,
e.g. 2.5-5.2 g/100 g. Furthermore, starch levels are
similar to the values reported by Fernandes et al. (1979).
According to Loeseck (1950), starch levels can vary with
stage of maturity, variety of fruit, cultivation and rip-
ening conditions.

3.4. Soluble sugars

Three types of soluble sugars were detected in ‘Prata’
banana — fructose, glucose and sucrose. The total solu-
ble sugars in the green fruit (34 mm diameter) was 1.26
g/100 g (Fig. 3). It increased significantly to 14.3 g/100 g
in 21 days; however, no significant difference was ob-
served up to 35 days of storage (14.8 g/100 g).
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Fig. 2. Pulp-to-peel ratio of ‘Prata’ banana during storage at 16 =1 °C and 85% relative humidity. Values with the same letter do not differ sig-

nificantly by the Duncan test at 5% probability.

—©—starch
—HE—soluble sugars

X

Content (g/100 g)

0 w ‘

14

21 28 35

Time (days)

Fig. 3. Levels of starch and total soluble sugars in ‘Prata’ banana during storage at 16 £ 1 °C and 85% relative humidity. Values with the same letter
(abede for starch and wxyz for soluble sugars) do not differ significantly by the Duncan test at 5% probability.
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Fig. 4. Levels of sucrose, fructose and glucose in ‘Prata’ banana during storage at 16 =1 °C and 85% relative humidity. Values with the same letter
(ab for sucrose, wxyz for glucose and mnop for fructose) do not differ significantly by the Duncan test at 5% probability.

The green banana contained 0.52, 0.35 and 0.39 g/100
g of fructose, glucose and sucrose, respectively (Fig. 4).
At seven days of storage, sucrose levels increased sig-
nificantly to 3.49 g/100 g, however, no significant dif-
ference was observed in levels from the 7th to the 21st
day, but levels decreased significantly until the 35th day
of storage.

Up to 21 days of storage, when peel colour reached 6,
which is considered the ideal stage for consumption,
there was a significant increase in the levels of fructose
and glucose with time, reaching levels of 6.27 and 4.63 g/
100 g, respectively. No significant difference was ob-
served in the levels of these sugars from the 21st to the
35th day of storage.

According to these results, up to the first seven days
of ripening, sucrose was the prevailing soluble sugar.
However, after that time, fructose, followed by glucose,
were the predominant soluble sugars. These results are
similar to the findings of Terra et al. (1983) and Hub-
bard et al. (1990) for M. acuminata and M. cavendish,
respectively. According to these authors, sucrose is the
predominant sugar during the early stages of banana
ripening; however, sucrose levels are lower than other
sugars in the ripened fruits. Fernandes et al. (1979) also
observed that sucrose levels were lower than glucose and
fructose levels in ripened ‘Prata’ banana.

Kinetic studies (Table 1) of the degradation of starch
indicated a first order reaction with a rate constant of —
0.058 g/day and a half life (#,/,) of 12 days. The for-

Table 1
Kinetic studies of the degradation of starch and formation of glucose
humidity

mation of glucose and fructose followed zero order ki-
netics with reaction rates of 0.145 and 0.194 g/day,
respectively. Therefore, fructose was formed at a faster
rate which is consistent with the higher fructose levels
accumulated in the ripened fruit.

3.5. Bioactive amines

Among the 11 bioactive amines investigated, only six
were detected in ‘Prata’ banana, among them putrescine,
serotonin, spermidine, spermine, dopamine and tyra-
mine. The last three amines were present at very low
levels, below the quantification limit of the analytical
technique.

Serotonin, dopamine and tyramine were also detected
in different varieties of banana by Udenfriend, Loven-
berg, and Sjoerdsma (1959), Foy and Parrat (1962) and
Vettorazi (1974). The presence of spermidine, spermine
and putrescine was not reported in any of these studies;
however, it is well known that these polyamines are
naturally present in vegetables. They are implicated in a
number of physiological processes, such as cell division
regulation, plant growth, flowering, fruit development,
response to stress and senescence (Gloria, 2003; Ohta,
Yoza, Takeda, & Nogata, 1993).

The total level of amines in green banana was 3.52 mg/
100 g, decreasing significantly to 3.12 at 21 days (ideal
stage for consumption) and to 1.99 mg/100 g at 35 days
of storage. According to Fig. 5, the levels of serotonin

and fructose during storage of ‘Prata’ banana at 16 £ 1 °C and 85% relative

Compound Reaction order Kinetic equation® Correlation coefficient
Starch First order In Starch =-0.058¢+2.62 0.9070
Glucose Zero order Glucos=0.145¢+0.93 0.9190
Fructose Zero order Fructose =0.194¢+ 1.27 0.9280

#t=time in days, compound concentration in grams.
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Fig. 5. Levels of the bioactive amines, serotonin, spermidine and putrescine, in ‘Prata’ banana during storage at 16 = 1 °C and 85% relative humidity.
Values with the same letter (abcd for serotonin, z for spermidine and op for putrescine) do not differ significantly by the Duncan test at 5%

probability.

did not differ significantly up to the 14th day of storage,
decreasing significantly afterwards. Different results were
reported by Udenfriend et al. (1959) and by Vettorazi
(1974) who observed a decrease in serotonin levels during
ripening of M. cavendish, and of plantain, respectively.
However, the results obtained by Foy and Parrat (1962)
for plantain (M. sapientum var. paradisiaca), were similar
to those obtained in this study, e.g. levels varied from
4.99 to 5.67 mg/100 g during ripening and decreased to
1.20 mg/100 g in the over-ripe fruit.

With respect to the polyamines, the levels of sper-
midine did not differ significantly throughout the storage
time and the levels of putrescine did not differ up to 21
days, decreasing significantly thereafter. Many re-
searchers, studying polyamine levels in fruits, have re-
ported a decrease during fruit maturation (Esti et al.,
1998; Ohta et al., 1993; Serrano, Martinez-Madrid, Ri-
quelme, & Romojaro, 1995). According to these studies,
polyamine and ethylene biosynthesis have a common
intermediate, S-adenosylmethionine, thus polyamine
concentration is expected to decrease as soon as the
fruits begin to synthesize ethylene.

The contribution of each amine to the total level
varied with storage time. In the green fruit, serotonin
was the prevalent amine (49.2%), followed by spermi-
dine (29.5%) and by putrescine (21.3%). In 21 days of
storage, at the ideal consumption stage, there was a
decrease in serotonin contribution (39.1%) and an in-
crease in putrescine (26.6%) to total amine levels. At 35
days, spermidine was the prevalent amine (47.7%), fol-
lowed by serotonin (35.7%) and by putrescine (16.6%).

4. Conclusions

During storage, at 16+ 1 °C and 85% relative hu-
midity, of ‘Prata’ banana harvested in the green stage

(34 mm diameter), the following changes were observed.
Peel colour changed from green to yellow, reaching the
colour considered ideal for consumption at 21 days.
There was a significant increase in the pulp-to-peel ratio
up to 28 days. Starch level in the green fruit was 15.7 g/
100 g. At ideal peel colour, starch levels decreased sig-
nificantly to 3.4 g/100 g. The green fruit contained low
levels of fructose, sucrose and glucose. In the first seven
days of storage, sucrose was the prevalent sugar. How-
ever, after 14 days of storage, fructose and glucose were
the predominant soluble sugars. Up to 21 days, the
levels of fructose and glucose increased, remaining un-
changed thereafter. Bioactive amines were quantified in
‘Prata’ banana for the first time. Putrescine, serotonin
and spermidine were detected throughout storage. Tra-
ces of dopamine, tyramine and spermine were also de-
tected. During storage, there was a decrease in serotonin
levels after the 14th day and of putrescine after the 21st
day of storage.
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