
ORIGINAL ARTICLE
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Abstract Fruit ripening is associated with many hydrolase
activities involved in the softening of the fruit during the
maturation. This study investigates the relationship between
the loss of firmness alongwith the changes of sugar content and
the enzymatic activities in Carica papaya L.var solo 8
during post-harvest storage. Three maturation stages (green
immature: the fruit is entirely green, green mature: the
fruit shows 1/32 yellow skin and fully mature: the fruit
shows 1/8 yellow skin) have been selected and stored at 15, 22
and 28 °C. The reduction of fruit firmness, total sugar contents,
refractive index (% Brix) and enzymatic activities were

measured. Low enzymatic activities (0.035 μmol/min/mg)
were recorded in fruit harvested at the green immature stage
with no significant (p≥0.05) effect on the softening while fruit
harvested at the green mature and fully mature stages showed
enzymatic activities 7 times as high as those of the green
immature stage. These high enzymatic activities were
responsible for the loss of firmness of the fruit. Accordingly,
papayas at the green mature and fully mature stages displayed
highermaxima of sugar content (4.8 g/100 g at 28 °C at day 12,
and 10.2 g/100 g at 22 °C at day 8, respectively) at higher
temperatures. Meanwhile in green immature papayas, the max-
imumwas only 4.3 g/100 g at 22 °C and day 12 of storage. The
results show that the loss of firmness of the papaya was highly
related to the hydrolytic enzyme activities and the sweet taste
to the presence of simple sugars such as galactose liberated
from the polysaccharide complexes.
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Introduction

Fruit maturation is a complex process characterized by a set
of physiological, biochemical, and organoleptic changes
such as anthocyanins biosynthesis, chlorophyll degradation,
increase of enzymatic degradation in the cell wall, sugar
content, respiratory activities, ethylene production, and
changes in aromatic compounds (Paliyath and Murr 2006).
During the maturation of starch-rich fruit, the starch is
converted into sugar by a catabolic degradation while the
organic acids are converted into sugar by the process of
gluconeogenesis (Sharma et al. 2008). The maturation is
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associated with the softening of the fruit, which leads to a
modification of the texture (Jha et al. 2011). The softening
of the fruit after harvesting could be due to physical dam-
ages during handling and transportation. These damages
could increase the susceptibility of the fruit to microbial
contamination (Manrique and Lajolo 2004).

The softening of the fruit during maturation is due to the
activity of hydrolyses on the fruit cell wall polysaccharides,
which leads to a modification of the cell wall composition.
According to Prasanna et al. (2007) and Tucker (1993), this
enzymatic activity is low during the first stage of the fruit
development, then increases and reaches a maximum at the
climacteric stage of the maturation process. For Soh et al.
(2006), the activity of an isoform of α-galactosidase
increases as the papaya fruit loses its firmness. Payasi et
al. (2009) indicated that the activity of glycosidases such as
β-hexosaminidase, α-mannosidase, and α-galactosidase
increases in tomato when it is harvested at the fully mature
stage. Moreover, Yashoda et al. (2007) attributed the soft-
ening of ripened mango to the activities of endomannosi-
dase and α-mannosidase. Ohtani and Misaki (1983) showed
that the seeds of Carica papaya L. exhibited a high level of
α-D-galactosidase and α-D-mannosidase activities. Other
studies indicated that cellulase activities increase during
the maturation of avocados, peaches, strawberries, tomatoes,
and papayas (Ignacio et al. 2011; Awad and Young 1979;
Hobson 1981; Paull and Chen 1983).

Accordingly, an increase of solubilization of pectic sub-
stances, a progressive loss of firmness of fruit tissues, and a
rapid increase of polygalacturonase (PG) activities occur
during the maturation of many fruit (Pressey 1986; Brady
1987; Fisher and Bennett 1991; Tucker 1993). Furthermore,
Paull and Chen (1983) showed a link between polygalatur-
onase and xylanase activities, an increase of the climateric
respiration, the ethylene production, and the softening of
Carica papaya L. Likewise, Karakurt and Huber (2003)
demonstrated that the loss of firmness of Carica papaya L.
was facilitated by the hydrolysis of the methyl groups on the
galacturonic acid by pectin methylesterase. The develop-
ment of the sweet taste in ripened fruit is the result of the
hydrolysis of polysaccharides, particularly from starch-rich
fruit, into simple sugars (glucose, fructose…) during the
gluconeogenesis (Prasanna et al. 2007; Taiz and Zeiger
2002). Fructose is 1.8 sweeter than sucrose while glucose
represents 0.6 folds the sweetness of sucrose (Wang and
Zheng 2005). However, the relative concentrations of these
sugars vary according to the type of fruit, the species, the
cultivar, and the stage of maturity. In apples, pears, straw-
berries and grapes, the main soluble sugars at maturity are
glucose and fructose while the one in bananas, pineapples,
peaches, and melons, is sucrose (Harold et al. 2011).

In general, Climacteric fruit such as bananas and kiwi
have a high starch content, which can be metabolized into

soluble sugars after harvesting, giving the sweet taste to the
fruit. On the other hand, papaya, which is also a climacteric
fruit does not accumulate starch during it development
(Gomez et al. 2002). The respiration which implies the use
of a considerable amount of sugar as substrates for several
metabolic processes increases during the storage of the fruit at
ambient temperature. For Carica papaya L. var solo 8, a
substantial amount of sugar remains at the end of the matura-
tion process (Padmanaban et al. 2011; Nunes et al. 2006; Chen
et al. 2006). However, we have no knowledge concerning an
increase of sweetness in Carica papaya L. var solo 8.
The objective of this study was to investigate the rela-
tionship between the enzymatic activities related to the
loss of firmness of Carica papaya L. var solo 8 along
with the changes in sugar content during the storage
after harvesting.

Materials and methods

Collection of fruit and sampling

The papayas (Carica papaya L. var solo 8) were harvested
from a farm near Tomassé (Azaguié), a village located at
about 50 km north of Felix Houphouet Boigny Airport,
Abidjan, Cote d’Ivoire. The fruit were transported directly
to the Laboratory of Food Biochemistry and Tropical
Products Technology, Abobo-Adjamé University. Three
maturity stages: the green immature stage (the fruit is
entirely green), the green mature stage (the fruit shows 1/
32 of yellow skin), and the fully mature stage (the fruit
shows 1/8 of yellow skin) were selected for this study. The
fruit were washed with water, sorted according to the shape,
the size and the weight, and packed in boxes of 12 fruit
each. Twelve boxes of each maturity stage were then stored
immediately at 15, 22, and 28 °C (for a total of 108 boxes)
for 12 days. On days 0, 4, 8, and 12, three boxes (36 fruit) of
each maturity stage and storage temperature were pulled out
for testing. We recorded the firmness, the reducing and total
sugars content, the refractive index, and the enzymatic
activities (α-mannosidase, α-galactosidase, β-galactosidase,
cellulase, pectin methylesterase, polygalacturonase and xyla-
nase activities) of each fruit.

Measurement of the physico-chemical parameters
of the fruit

Firmness

Using a penetrometer (a device for testing the firmness of
the fruit, model FT 327, EFFEGI, Milan, Italy) equipped
with stress indicator, the tip of the device is pressed on the
middle of the papaya until it penetrates the pulp of the fruit
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to a depth of 8 mm. The value indicated by the device
represents the maximum stress expressed in Newton (N)
required for the pulp to be penetrated by the tip of the
penetrometer; that value represents the firmness of the fruit
(Tano et al. 2007).

Reducing and total sugars

One gram of papaya pulp was ground (Moulinex
Masterchef 750, France) in 10 mL of ethanol in order
to measure the ethanol-soluble sugars. The mixture was
centrifuged (Centrifuge Jouan Multifunction B4i-BR4i,
Germany) at 3000 rpm for 30 min. The supernatant was
used to determine the reducing sugars according to the method
described by Bernfeld (1955) using 3,5-dinitrosalicylic acid
(DNS). 0.5 mL of DNS was added to 0.1 mL of the
supernatant diluted in 0.9 mL of distilled water. The
mixture was heated in a water bath at 100 °C for 5 min
and let to cool down for 5 min at room temperature (28±
2 °C); then, 3.5 mL of distilled water were added. The
absorbance was determined by a spectrophotometer
(Spectronic Genesys 5, Madison, USA) at 540 nm
against the blank containing all the reagents except the
supernatant. The determination of the total sugars was
performed using the method of Dubois et al. (1956).
1 mL of phenol 5 % (w/v) was added to 0.1 mL of the
supernatant diluted in 0.9 mL of distilled water. The
mixture was homogenized, heated in a water bath at
100 °C for 5 min, and let cool down at room temper-
ature for 5 min. Then 2 mL of concentrated sulfuric
acid was added to the mixture. The optical density (O.D)
was read at 490 nm against the blank on a spectrophotometer
(Spectronic Genesys 5, Madison, USA).

Refractive Index (°Brix)

The refractive Index, expressed in °Brix, was measured with
a refractometer (model N-20E, ATAGO, Tokyo, Japan)
equipped with a temperature corrector. A drop of papaya
juice obtained after grinding was placed on the prism of the
refractometer and the refractive index was directly read
under sun light.

Measurement of the enzymatic activities

Extraction of enzymes

In order to obtain the enzymatic extract, we ground
10 g of papaya pulp in 10 ml of 0.9 % (w/v) NaCl.
The mixture was centrifuged (centrifuge Jouan multi-
function B4i-BR4i, Germany) at 6000 rpm for 30 min
at 4 °C and the pellet discarded. The supernatant
obtained contained the enzymes.

pNP-glycosidase activity

The p-nitrophenol (pNP)-glycosidase activity was obtained
by mixing 50 μl of enzyme extract and 125 μl of 100 mM
sodium acetate buffer (pH 5.6), 75 μl of 5 mM pNP-α- or β-
D-glycoside (Amersham Pharmacia Biotech RPN 1064,
Paris, France) as substrate of the enzyme. After the incuba-
tion of the mixture at 37 °C for 10 min, the reaction was
stopped by adding 2 ml of 2 % (w/v) sodium carbonate. The
appearance of a yellow color means the presence of an
enzymatic activity, which is the result of the hydrolysis of
p-nitrophenyl-α- or β-glycoside by the enzyme. The quantifi-
cation of p-nitrophenol (pNP) produced was obtained through
a spectrophotometer (Spectronic Genesys 5, Madison, USA) at
410 nm with a negative control (reagents without the enzyme).
The optical density was converted into micromole of pNP/min.
The specific activity is expressed inmicromole of p-nitrophenol
per min or per mg of protein (μmol/min/mg).

Xylanase and carboxymethylcellulase activities

Xylanase and carboxymethylcellulase activities were deter-
mined by measuring the content of reducing sugars freed
during the hydrolysis of xylan and carboxymethycellulose
polysaccharides by xylanase and carboxymethylcellulase
present in the papaya enzymatic extract using Bernfeld
method (1995). Forty eight milligrams (0.16 %) of enzyme
substrate and 50 μl of enzymatic extract were mixed
together with a final volume of 300 μl of 100 mM sodium
acetate buffer pH 5.6. The mixture was incubated at 37 °C
for 30 min. Then 300 μl of 3,5dinitrosalycilic (DNS) were
added to it in order to stop the reaction. After the homoge-
nization and heating of the mixture to 100 °C in a water
bath, the reaction was let to cool down at ambient temper-
ature for 10 min, then 2 ml of distilled water were added to
it. The optical density was read using a spectrophotometer
(Spectronic Genesys 5, Madison, USA) at 540 nm in order
to measure the reducing sugars. The enzymatic activity was
expressed in micromole of reducing sugars per min or per
mg of protein (enzymes) using a standard curve (serial
dilutions of 2 mg/ml of glucose used as standard).

Polygalacturonase activity

The polygalacturonase (PG) activity was determined using
the method of Gross (1982). We mixed the subtract (1 % of
polygalacturonic acid washed with 80 % ethanol) and
100 mM of acetate buffer (pH 5.6) containing 0.1 M NaCl
and 50 μl of enzymatic extract for a total of 200 μl. Then the
mixture was incubated at 37 °C for 2 h under continuous
agitation. The reaction was stopped by adding 1 ml of
sodium borate (pH 9). Then 200 μl of 0.1 % 2-
cyanoacetamide were added before the whole mixture was
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placed in a boiling water bath for 10 min. Finally, the
mixture was let to cool down at ambient temperature and
the absorbance was read at 276 nm using a blank (mixture
without subtract) and D-galacturonic acid for the standard
curve. The galacturonase activity was expressed as the
equivalent of galacturonic acid produced per milligram of
protein per minute (μmoL/mg/min).

Pectin methylesterase activity

The enzymatic activity was determined using the method of
Mehri-Kamoun (2001). The principle of the reaction con-
sists in removing the specific methoxyl groups located on
the C6 of some galacturonyl groups using a pectin methyl-
esterase (PME) enzyme. The measurement of the activity
relies on the pH variation due to the removal of the
carboxylic group, which leads to the acidification of the
medium. The method used in this experiment involved
the mixing of 2 ml of subtract (1 % pectin in 0.15 %
NaCl solution pH 7.0) and 1 ml of enzymatic solution.
Then the mixture was incubated at 37 °C for 2 h in a
water bath. The pH of the mixture was measured at the
beginning of the incubation then 2 h after. One unit of
PME activity corresponded to 10 fold the volume (μl)
of 0.01 M NaOH added to the mixture to bring the pH

value back to initial value at 37 °C. The PME activity was then
expressed in unit/mg of protein (U/mg).

Determination of proteins

The proteins concentration of the different enzymatic samples
was measured using the Lowry method (Lowry et al. 1951)
with serum albumin bovine (SAB) as protein standard.

Statistical analysis

The statistical analysis was performed on the results using
SPSS (version 10.0) software. The comparison of the vari-
ables measured during this study was done using the anal-
ysis of variance (ANOVA) and Duncan test. The differences
were considered significant if p≤0.05. All the experiments
were conducted in triplicate.

Results and discussion

The enzymatic activities were very low in the pulp of
papayas harvested at the green immature stage and stored
at 15, 22, and 28 °C (Fig. 1). The maximum enzyme activity

Fig. 1 Hydrolases activity in Carica papaya L.var solo 8 harvested at green immature (a), green mature (b) and fully mature (c) stored at 15(A), 22
(B), and 28 °C (C) for 12 days (n03)
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was 0.035 μmol/min/mg on day 4, about 1/7 of the green
mature stage for the same storage day (Fig. 1). The enzyme
activity increases as the papaya loses its firmness (Fig. 2).
However, no significant difference in the firmness (p≥0.05)
was noted during the storage of the fruit harvested at green
immature stage (Fig. 2). These results agree with those of
Thumdee et al. (2010) who showed that hydrolase activities
were weak in papayas harvested at the immature stage. It
should be noted that the loss of firmness of the fruit
increases as the enzyme activity does in the fruit cell wall
(Sancho et al. 2010). This assertion supports the fact that the
degradation of the major polysaccharides of the cell wall
(cellulose, hemicellulose, and pectin) was responsible for
the loss of firmness of the fruit (Mbeguie 2000).

Let’s remind that Paull and Chen (1983) showed a rela-
tion among the maturity stage, the respiratory activity, the

ethylene production, the color of the fruit skin, the loss of
firmness, and the enzyme activities responsible for the deg-
radation of the cell wall during the maturation of Carica
papaya L. This correlation could explain the weak enzyme
activity of the immature papayas, which leads to a non-
significant (p≥0.05) degradation of the cell wall polysac-
charides and loss of firmness during storage. Moreover,
other studies have indicated that the ethylene was the
main trigger of climacteric fruit maturation (Vendrell
and McGlasson 1971; Zeroni et al. 1976; Pech et al.
1994; Jaimes-Miranda 2006).

The enzyme activities in papayas harvested at the green
mature stage and stored at 22 and 28 °C were higher than
those stored at 15 °C, with a greater loss of firmness. This
result indicates that higher temperatures contribute to the
softening of the fruit during storage at 22 and 28 °C through
enzymatic reactions. In fact, fruit at the green mature stage
exhibited higher enzymatic activities during storage with a
maximum of 0.25 μmol/min/mg for α-mannosidase, α-
galactosidaseet β-galactosidase (Fig. 1), while those of
xylanase and cellulase were at about 0.060 μmol/min/mg
on day 4. In addition, pectin methylesterase (Fig. 3a) and
polygalacturonase (Fig. 3b) activities increased during the
storage and resulted in the loss of firmness of the fruit
(Fig. 2). These results are supported by several studies
(Brummell et al. 2004; Manenoi and Paull 2007; Sanudo-
Barajas et al. 2009), which indicated that the softening of
Carica papaya L. resulted from the modification of cell wall
polysaccharides by enzymes such as polygalacturonase, β-

Fig. 2 Change of firmness of papaya (Carica papaya L. var solo 8)
harvested at green immature, green mature and fully mature stages and
stored at 15 (a), 22 (b) and 28 (c) for 12 days (n03)

Fig. 3 Change of pectine methylesterase (a) and polygalacturonase (b)
activity on papaya (Carica papaya L. var solo 8) harvested at green
mature stage and stored at 15 °C for 14 days (n03)
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galactosidase (β-gal), and pectin methylesterase. Other
authors (Paull and Chen 1983; Lazan et al. 1995) suggested
that enzymes found in papayas during maturation included
exo- and endo-polygalacturonase, pectin methylesterase, β-
1-4-glucanase, galactosidase, and xylanase. Their activities
were also highly correlated to the changes in polysacchar-
ides concentrations in the cell wall (Paull et al. 1999).

On the other hand, low storage temperatures slowed the
enzymatic activities down, which in turn slowed the soften-
ing of the fruit down during storage at 15 °C. These results
are in agreement with those of Bron and Jacomino (2009)
who indicated that storage at low temperature reduces the
respiratory and senescence enzymatic reactions, and mini-
mizes the loss of quality of the fruit. Kader (2002) showed
that the respiratory activity of papayas decreases approxi-
mately from 15 to 35 mL CO2 kg

−1h−1 at 20 °C to 4–6 mL
CO2 kg−1h−1 when stored at 10 °C, suggesting that lower
temperature decreased enzymatic reactions and conse-
quently the softening of the fruit.

For papayas harvested at the fully mature stage, enzyme
activities decreased during storage regardless of the storage
temperature (Fig. 1). This result indicates a depletion of the
substrates necessary for these enzymatic reactions. Moreover,
sugars were the first substrate used for respiratory metabolism
in papaya (Gomez et al. 2002; Sharma et al. 2008) and in peach
(Chen et al. (2006). Indeed, Harold et al. (2011) indicated that
respiration is a property of all living cells tissues and is the
center of the metabolic processes of development, maturation
and senescence of fruit. The respiratory activity is an indicator
of the metabolic activity thus, it indicates the speed at which
metabolic changes are taking place. Myhara et al. (2000)
showed that the decrease of pectin in fruit during the ripening
was accompanied by a decrease of the hydrolytic enzymes
activities responsible for their degradation. Koslanund et al.
(2005) also observed that the activities of the enzymes respon-
sible for degradation of the cell wall were low during the pre-
climacteric phase, increased rapidly during the climacteric, then
decreased during the post-climacteric phases.

Thus, papayas harvested at the fully mature stage may
have already passed the climacteric phase. Paull et al. (1999)
indicated that the solubilization of pectin and hemicellulo-
ses, and the loss of firmness in papayas happen simultane-
ously and increase with the storage temperature. We agree
with these authors that the loss of firmness in the papayas is
due to the enzymatic degradation of the cell wall, in associ-
ation with the respiratory activity, the synthesis and the
action of ethylene. The increase of the respiratory activity
is accompanied by the increase of sugar as substrate for
several metabolic processes (Gomez et al. 2002; Sharma et
al. 2008). In general, the amount of reducing sugars and dry
soluble extracts (Table 1) of Carica papaya L. var solo
8 increases during storage. However, the total sugars con-
centration (Table 1) increases initially, then, decreases slightly T
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during the maturation. This reduction of total sugars content
is due to the increasing use of the saccharose during the
climacteric respiration as indicated by Gomez et al. (2002)
in their work on the evolution of soluble sugars throughout
the maturation of papaya solo. They also showed that the
accumulation of soluble sugars in papayas was mostly done
when the fruit was still attached to the plant.

However, after harvesting, there was a synthesis of
sucrose indicated by a highly correlation of the sucrose-
phosphate synthesis activity and the content of sucrose in
the fruit. The synthesized sucrose was later converted into
glucose and fructose. According to the same authors, the
carbon necessary for the synthesis of sucrose originated
from the cell wall (30 % cellulose, 30 % hemycellulose,
25 % pectin, and 5 % proteins). Other studies showed a
decrease of galactose and an increase of glucose due to the
degalactosylation of polysaccharide chains in apples, straw-
berries, tomatoes, and in germinating seeds (Ignacio et al.
2011; Brett and Waldron 1996; Pressey 1983). This
rapid metabolization of galactose explains why Gomez
et al. (2002) did not find free galactose in ripped
papayas. In fact, they determined that galactose was
the main source of carbon during the synthesis of
sucrose and that the resulting product was greatly used
in the climacteric respiration.

Conclusion

The results of this study show that the loss of firmness of
Carica papaya L. var solo 8 is highly (p≤0.05) related to the
activities of several enzymes such as pectin methylesterase,
polygalacturonase, α-mannosidase, α-galactosidase, β-
galactosidase, xylanase, and cellulase. The loss of firmness
is greater in fruit harvested at green mature and fully mature
stages and stored at 22 and 28 °C where the enzymatic
activities are high. On the other hand, it is very low in fruit
stored at 15 °C where respiration is low because of the low
temperature leading to a reduced enzymatic activity. The
high level of α-mannosidase, α-galactosidase and β-
galactosidase activities seem to play an important role in
the sweet taste of the fruit by liberating the simple sugars
such as galactose and mannose.
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