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Ripening affects the quality and nutritional contents of fleshy fruits. Mango, a climacteric fruit, is very
susceptible to post-harvest losses, due to fast softening. In the present paper we report the effect of 1-
methylcyclopropene (1-MCP) and Ethrel on antioxidant levels in mango fruit during ripening. Use of
1-MCP is applied commercially to delay ripening while Ethrel is used to accelerate ripening of climacteric
fruits. 1-MCP treatment led to decreased levels of H2O2 and lipid peroxidation, concomitant with
increased activities and isozymes of catalase (CAT) and superoxide dismutase (SOD), as compared to
respective controls. On the other hand, Ethrel treatment led to an increase in H2O2 and lipid peroxidation,
concomitant with a decrease in the activities and isozymes of catalase and SOD. Guaiacol peroxidase
(GPX) could not be detected in the control or in treated fruits. Activity of ascorbate peroxidase (APX)
was found to drastically increase in the presence of Ethrel while 1-MCP treatment led to only a marginal
increase in APX.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Fruit ripening has been described as an oxidative phenomenon
that requires a turnover of active oxygen species, such as H2O2 and
superoxide anion (Jimenez et al, 2002). The role of dietary antiox-
idants is to help fight excessive reactive oxygen species (ROS) in
our bodies. By doing so, antioxidants are sacrificed to protect bio-
molecules from being oxidised and thus the antioxidant has ful-
filled its function. Fruits play a significant role in the human diet
by providing protection against cellular damage, caused by expo-
sure to high levels of free radicals, while also aiding in digestion.
This protection can be explained by the capacity of antioxidants
in the fruits to scavenge free radicals, which are responsible for
the oxidative damage of lipids, proteins, and nucleic acids (Halli-
well & Gutteridge, 1984). Ripening of fleshy fruits affects their
quality and nutritional contents. Climacteric fruits such as banana,
tomato, pear, papaya and mango exhibit these changes very
quickly. Thus, such fruits are more susceptible to post-harvest
losses, due to fast ripening caused by the ripening trigger ethylene,
which in turn, could come from any climacteric ripe fruit stored in
the same environment with any climacteric green fruit. Therefore,
to minimise these effects, fruits must be stored away from ethyl-
ene sources or the hormone level in the atmosphere should be de-
creased by oxidation with potassium permanganate or ultra-violet
light, although these approaches have limited commercial applica-
ll rights reserved.
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tion. Recently, 1-methylcyclopropene (1-MCP) has been employed
in attempts to increase the shelf life of some climacteric fruits. By
binding to the ethylene receptor, 1-MCP acts as an efficient ethyl-
ene antagonist and its effects can persist for a long time (Sisler, Al-
wan, Goren, Serek, & Apelbaum, 2003). Commercialisation of
1-MCP has mostly occurred for apple and banana fruits. These
fruits responded extremely well to 1-MCP, showing inhibition of
ethylene production, respiration rates, maintenance of firmness
and other quality aspects both during and after storage (Itai, Tan-
abe, Tamura, & Tanaka, 2000; Watkins, Nock, & Whitaker, 2000).
Ethylene released by the breakdown of Ethrel� is the cause of soft-
ening of fruit and hastens the onset of ripening of several fruits,
including mango, as reported in our previous study (Rupinder, Poo-
rinima, Pathak, Singh, & Dwivedi, 2007).

The antioxidant system includes catalase (CAT, EC 1.11.1.6),
superoxide dismutase (SOD, EC 1.15.1.1), guaiacol peroxidase
(GPX, EC 1.11.1.7), ascorbate peroxidase (APX, EC 1.11.1.11) and
glutathione reductase (GR, EC 1.6.4.2) (Miyake & Asada, 1996).
The function of natural antioxidants in foods and biological systems
has received much attention. Mango (Mangifera indica) var. Dashe-
hari is a fruit of prime economic importance to India. This paper re-
ports modulation of H2O2 levels and lipid peroxidation and
activities, as well as the isozymic profile of several enzymatic anti-
oxidants namely, superoxide dismutase (SOD), catalase (CAT),
ascorbate peroxidase (APX) and guaiacol peroxidase (GPX) in re-
sponse to 1-MCP and Ethrel-treated fruits. A complete series of bio-
chemical methods was carried out in this study and it is anticipated
that results arising from this study will help to clarify the possible
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inter-relationships between chemicals in regulating the antioxi-
dant activity. There are still considerable lacunae in our knowledge
regarding the fate of antioxidants during the process of ripening,
which requires further studies to explore their significance.

2. Materials and methods

2.1. Plant material

Mango (M. Indica) var. Dashehari fruits were collected from the
Central Institute of Subtropical Horticulture (CISH) orchard, Luc-
know, India. Mature unripe fruits free from disease were selected,
washed with distilled water, and air dried; pulp and peels of the
samples were taken for analysis. Three independent experiments
were carried out for each chemical treatment and from a single
batch of each treatment three aliquots were taken for analysis. Fur-
thermore, 10 individual fruits were employed for each set of chem-
ical treatments. Starting with day 0 (i.e. immediately after
treatment) till day 11 (at specified time periods, as indicated in fig-
ures), one fruit from each of the control and treatments were taken
and various analyses were performed.

2.2. Chemical treatments

Concentrations of 1-MCP (2 mg kg�1) and Ethrel Ethephon,
plant regulator, (2-chloroethyl phosphoric acid; 750 mg kg�1),
used in the present study, were standardised previously (Rupinder
et al., 2007).

2.2.1. 1-MCP treatment
Ten fruits were placed in 20-l containers and exposed to 1-MCP

(2 mg kg�1) for 12 h at room temperature (RT) and 85% relative
humidity (RH). Immediately following 1-MCP treatment, fruit
was removed from the chambers, and placed in cardboard boxes
with holes. Control fruit was maintained in identical containers
without 1-MCP at room temperature.

2.2.2. Ethrel treatment
Fruits were dipped uniformly 1.8 ml l�1 Ethrel in hot water at

52 ± 2 �C for 5 min. Fruits were air dried and placed in cardboard
boxes with holes.

2.3. Lipid peroxide measurement

About 200 mg fresh tissue was grounded in 5 ml of 10% trichlo-
roacetic acid (TCA) containing 0.25% 2-thiobarbituric acid (TBA)
and heated at 95 �C for 25 min. The mixture was quickly cooled
in an ice bath and after centrifugation at 10,000g at 4 �C for
10 min, the absorbance of supernatant was read at 532 nm and
corrected for unspecific turbidity by subtracting the absorbance
of the same at 600 nm. The blank was 0.25% TBA in 10% TCA (Heath
& Packer, 1968). Thiobarbituric acid-reactive substances (TBARS)
were used as an index of lipid peroxidation. An extinction coeffi-
cient of 155 mM�1 cm�1 was used to quantify the concentration
of lipid peroxides together with the oxidatively-modified proteins
and expressed as nmol g�1 fresh weight.

2.4. Hydrogen peroxide (H2O2) measurement

About 150 mg of mango pulp samples were extracted using
3 ml of 50 mM sodium phosphate buffer (pH 6.5). The homogenate
was centrifuged at 10,000g at 4 �C for 15 min. To determine H2O2

levels, 3 ml of extracted solution were mixed with 1 ml of 0.1% tita-
nium sulphate in 20% (w/v) H2SO4 and mixture was then centri-
fuged at 6000g for 15 min. The intensity of the yellow colour of
the supernatant was measured at 410 nm (Singh & Choudhuri,
1990). H2O2 level was calculated using the extinction coefficient
0.28 mM�1 cm�1 and was expressed as nmol�1 g�1 fresh weight.

2.5. Enzyme assays

2.5.1. Superoxide dismutase
For the extraction of superoxide dismutase (SOD) about 200 mg

of mango pulp was homogenised using prechilled mortar and
pestle in 5 ml of 100 mM potassium phosphate buffer (pH 7.5) con-
taining 1.0 mM EDTA, 0.1 mM Triton X-100 and 2% polyvinyl-pyr-
rolidone (PVP). Contents were centrifuged at 12,000g at 4 �C for
10 min and supernatant was collected. The assay mixture con-
tained 50 mM sodium carbonate–bicarbonate buffer (pH 9.8), con-
taining 0.1 mM EDTA, 0.6 mM epinephrine and 50 ll enzyme in a
total volume of 3 ml. Epinephrine was the last component to be
added (Misra & Fridovich, 1972). The adrenochrome formation
over the next 3 min was recorded at 475 nm in a UV–Vis spectro-
photometer (Genesys). One unit of SOD activity is expressed as the
amount of enzyme required to cause 50% inhibition of epinephrine
oxidation under the experimental conditions.

2.5.2. Catalase
The catalase activity was assayed by Aebi (1983) with slight

modifications. Two hundred milligrammes of mango pulp were
homogenised using a prechilled mortar and pestle in 5 ml of
50 mM Tris-HCl (pH 8.0), containing 1.0 mM ethylenediammine-
tetraacetic acid (EDTA), 0.1 mM Triton X-100 and 2% PVP. Contents
were centrifuged at 12,000g at 4 �C for 10 min. The assayed med-
ium consisted of sodium phosphate buffer (50 mM, pH 7.0), H2O2

(20 mM) and 100 ll enzyme in a total volume of 3.0 ml. The degra-
dation of H2O2 was measured by the decrease in absorbance at
240 nm using a Genesys (Thermo Fisher Scientific, Waltham, MA)
spectrophotometer. The molar extinction coefficient of H2O2 at
240 nm was taken as 0.036 mM�1 cm�1. One unit of enzyme activ-
ity was defined as amount of enzyme catalysing the decomposition
of 1 lmol H2O2 per minute at 30 �C.

2.5.3. Ascorbate peroxidase
About 200 mg of fruit pulp was extracted in 5 ml of 50 mM

potassium phosphate buffer (pH 7.8) containing 1 mM ascorbic
acid, 1 mM EDTA and 2% PVP added fresh just prior to use. The as-
say mixture contained 50 mM potassium phosphate buffer (pH
7.0), 0.2 mM ascorbic acid, 0.2 mM EDTA, 20 lM H2O2 and 50 ll
enzyme extract in a total volume of 3 ml. H2O2 was the last com-
ponent to be added and the change in absorbance was measured
at 290 nm (extinction coefficient of 2.8 mM�1 cm�1). Enzyme spe-
cific activity was expressed as lmol ascorbate oxidised mg�1 of
protein min�1 (Nakano & Asada, 1987).

2.5.4. Guaiacol peroxidase
The guaiacol peroxidase (GPX) activity was assayed by the

method of Pütter (1974) with slight modifications, using guaiacol
as substrate. The assay mixture contained sodium phosphate buf-
fer (50 mM: pH 7.0), H2O2 (0.067%), guaiacol (3.33 mM) and 50 ll
enzyme in a final volume of 3 ml. Tetraguaiacol formation was
monitored spectrophotometrically by measuring the increase in
absorbance at 470 nm. The molar extinction coefficient of tetrag-
uaiacol was taken as 6.39 cm2/lmol. One unit of enzyme activity
was defined as the amount of enzyme catalysing the production
of one lmol of tetraguaiacol formed per min.

2.6. Isozyme analysis

Native polyacrylamide gel electrophoresis (PAGE) was per-
formed, as described by Davis (1964), with separating gel (10%)
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overlaid with a stacking gel (3%). Equal quantity of protein was
loaded in all the wells of the gel (0.75 mm thick) and the electro-
phoresis was performed using Tris glycine buffer system (pH 8.0)
at 4 �C at 30 mA. In gel activity staining for different enzymes
was done as described below.

2.6.1. Superoxide dismutase
In-gel activity staining for SOD was carried out, as described by

Fridovich (1989). Gel was rinsed in distilled water followed by a
30 min incubation in 2.5 mM nitroblue tetrazolium (NBT). Gels
were then immersed in 1.17 lm riboflavin for 20 min and later re-
moved to a petri dish for irradiation with a fluorescent lamp. Light
exposure led to the development of the purple colour of insoluble
formazan throughout the gel, except for the locations where SOD
was localised by negative staining.

2.6.2. Catalase
For catalase, in-gel activity staining was carried out according

to the method of Wayne and Diaz (1986). After electrophoresis,
the gel was washed with water and incubated in H2O2 (0.003%)
for 2 min. After incubation the gel was washed again with cold
water and stained with ferric chloride (0.4%) and potassium ferri-
cyanide (0.4%), until the gel turned blue. Catalase activity bands
were visualised as clear zones on a blue background (negative
staining).

2.6.3. Ascorbate peroxidase
In-gel activity staining for ascorbate peroxidase was done as de-

scribed by Nakano and Asada (1987). After electrophoresis, gels
were rinsed in distilled water and incubated for 15 min at room
temperature in 0.1 M potassium phosphate buffer (pH 6.4) con-
taining 4 mM ascorbate and 4 mM H2O2. Gels were then rinsed
with water and stained in a solution of 0.125 N HCl containing
0.1% potassium ferricyanide and 0.1% ferrichloride (w/v). Isozymes
of APX were visualised as colourless bands on a greenish back-
ground (negative staining).

2.6.4. Guaiacol peroxidase
In-gel activity staining for guaiacol peroxidase was performed

as described by McDougall (1991). The gel was incubated in so-
dium phosphate buffer (100 mM, pH 7.0). The peroxidases bands
were visualised by incubating the gel in a solution containing guai-
acol (10 mM) and H2O2 (0.2%). Peroxidase isozymes were visual-
ised as brick-red bands.

2.7. Protein estimation

Soluble protein concentration was measured according to the
method of Bradford (1976), using bovine serum albumin as
standard.

2.8. Statistical analysis

Statistical analysis of data was performed by ANOVA using
Prism software (GraphPad Software Inc., San Diego, CA).
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Fig. 1. Lipid peroxidation during ripening of mango fruit in the absence (s) and
presence of Ethrel (d) and 1-MCP (.) at room temperature. Each value represents a
means ± SD of three independent experiments of each in triplicate. The data were
analysed by Newman–Keuls multiple method and found to be significant (p < 0.05).
3. Results

Mango is a climacteric fruit. In our earlier studies we had dem-
onstrated that mango ripening is associated with a respiratory
burst on day 3 (Rupinder et al., 2007). Accordingly, we have di-
vided the ripening process into preclimacteric (0–3 days) and post-
climacteric (3–11 days). The results of the present investigation
have been described in this context.
3.1. Effect of Ethrel and 1-MCP on lipid peroxidation during mango
fruit ripening

Lipid peroxidation during mango fruit ripening, in the absence
and presence of Ethrel and 1-MCP, was investigated and results
are shown in Fig. 1. Lipid peroxidation in control mango fruit
was found to increase gradually during ripening under both precli-
macteric and postclimacteric periods. Ethrel treatment, on the
other hand, led to inhibition of lipid peroxidation during the precli-
macteric period while a rapid increase in lipid peroxidation during
the postclimacteric period, as compared to the control, was ob-
served during mango fruit ripening. Thus, there was a 1.39-fold in-
crease in LPO during the postclimacteric period in Ethrel-treated
mango. In the case of 1-MCP treatment, only a marginal increase
in LPO was observed throughout ripening, though the net LPO
was much lower than that of the control.

3.2. Effect of Ethrel and 1-MCP on H2O2 levels during mango fruit
ripening

H2O2 production during mango fruit ripening was measured in
the absence and presence of Ethrel and 1-MCP. Data are shown in
Fig. 2. H2O2 production was found to increase gradually throughout
mango fruit ripening. However, Ethrel treatment led to several-fold
increase in H2O2 production during mango fruit ripening, while
1-MCP treatment led to a minor increase in H2O2 production, as
compared to that of the control. Thus, a 2.18-fold increase in
H2O2 production was observed in Ethrel-treated fruit as compared
to the control in the postclimacteric period.

3.3. Effect of Ethrel and 1-MCP on SOD activity and its isozymes during
mango fruit ripening

Investigation of SOD activity during mango fruit ripening, in the
absence and presence of Ethrel and 1-MCP, revealed that in the
control, as well as the Ethrel-treated mango, the SOD activity de-
creased gradually throughout ripening. Though the decrease in
SOD activity in the presence of Ethrel was more pronounced
(5.71-fold) compared to the control (2.78), as shown in Fig. 3. 1-
MCP had the opposite effect to that of Ethrel as, in the presence
of 1-MCP, SOD activity increased throughout ripening with a
1.36-fold increase. SOD activity was inhibited by cyanide but not
by chloroform-ethanol, indicating a cupro-zinc enzyme. Isozyme
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Fig. 2. H2O2 production during ripening of mango fruit at room temperature in the
absence (s), and presence of Ethrel (d) and 1-MCP (.). Each value represents a
means ± SD of three independent experiments of each in triplicate. The data were
analysed by Newman–Keuls multiple method and found to be significant (p < 0.05).
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Fig. 4. Inset (panels A and B): Isozyme analysis of catalase on day 11 of mango fruit
ripening in the absence (lane 1), and presence of Ethrel (lane 2) and 1-MCP (lane 3).
PAGE and in-gel activity staining were performed as described in Section 2. Figure
in panel A depicts the photograph of the gel while panel B depicts the zymogram for
the same ( ) represent the relative intensities of the bands as
+4, +3, +2, +1, respectively). Panel C: Catalase activity during ripening of mango fruit
at room temperature in the absence (s), and presence of Ethrel (d) and 1-MCP (.).
Each value represents a means ± SD of three independent experiments of each in
triplicate. The data were analysed by Newman–Keuls multiple method and found to
be significant (p < 0.05).
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analysis of SOD revealed 3 isozymes, namely (I, III and IV) in the
control fruit. Ethrel treatment led to the disappearance of isozyme
(I) and the appearance of isozyme (II) while other isozymes (III and
IV) persisted. 1-MCP led to the reappearance of isozyme (I), while
other isozymes (II, III and IV) also persisted. Intensities of bands
varied from treatment to treatment. Data on activity measurement
and isozyme profiling are in agreement with each other.

3.4. Effect of Ethrel and 1-MCP on catalase activity and its isozymes
during mango fruit ripening

Investigation of the catalase activity during mango fruit ripen-
ing in absence and presence of Ethrel and 1-MCP revealed that cat-
alase activity increased gradually throughout mango fruit ripening
in the control, with a 7.66-fold increase from days 0 to 11 (Fig. 4).
Ethrel treatment led to a decrease in catalase activity that re-
mained almost constant throughout ripening, as compared to con-
trol. 1-MCP treatment, on the other hand, led to a rapid increase in
catalase activity throughout ripening of mango. Thus, there was a
24-fold increase in catalase activity with 1-MCP treatment be-
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Fig. 3. Inset (panels A and B): Isozyme analysis of SOD on day 11 of mango fruit ripening
in-gel activity staining were performed as described in Section 2. Figure in panel A depict

) represent the relative intensities of the bands as +5, +4, +3, +2
temperature in the absence (s), and presence of Ethrel (d) and 1-MCP (.). Each value r
data were analysed by Newman–Keuls multiple method and found to be significant (p <
tween days 0 and 11. Our data on the catalase activity was further
corroborated by the data on isozyme analysis of catalase. Thus, in
control mango only one isozyme (I) of catalase was observed. Eth-
rel treatment led to a slight decrease in the activity of this isozyme
(I) as evident by a relatively less intense, as compared to that of
control. On the other hand 1-MCP treatment led to the appearance
of one additional isozyme of catalase (II), with increased activity of
isozyme (I), as compared to control (Fig. 4).

3.5. Effect of Ethrel and 1-MCP on ascorbate peroxidase activity and its
isozymes during mango fruit ripening

The APX activity of mango fruit increased gradually during rip-
ening in both treated and untreated controls. In 1-MCP-treated
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in the absence (lane 1), and presence of Ethrel (lane 2) and 1-MCP (lane 3). PAGE and
s the photograph of the gel while panel B depicts the zymogram for the same (
, +1, respectively). Panel C: SOD activity during ripening of mango fruit at room

epresents a means ± SD of three independent experiments of each in triplicate. The
0.05).



Fig. 5. Inset (panels A and B): Isozyme analysis of APX on day 11 of mango fruit
ripening in the absence (lane 1), and presence of Ethrel (lane 2) and 1-MCP (lane 3).
PAGE and in-gel activity staining were performed, as described in Section 2. Figure
in panel A depicts the photograph of the gel while panel B depicts the zymogram for
the same ( ) represent the relative intensities of the bands as +4, +1,
respectively. Panel C: APX activity during ripening of mango fruit at room
temperature in the absence (s), and presence of Ethrel (d) and 1-MCP (.). The
data were analysed by Newman–Keuls multiple method and found to be significant
(p < 0.05).
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fruits, there was only marginal increase in APX activity during rip-
ening, as compared to control, while in Ethrel-treated fruit, a rapid
increase in APX activity, as compared to that of the control, was ob-
served (Fig. 5). Thus, 1-MCP-treated fruit showed only a 1.06-fold
increase in APX activity, while Ethrel treated fruit showed a 1.84-
fold increase in APX, as compared to the control. APX isozyme anal-
ysis revealed one isozyme in the control and treated mango fruit
during ripening. Although there was no change in the isozyme
numbers a more intense isozyme band in Ethrel-treated fruit was
observed, in agreement with our data on activity measurement
of APX.

3.6. Effect of Ethrel and 1-MCP on guaiacol peroxidase activity and its
isozymes during mango fruit ripening

A noteworthy result of this study was that guaiacol peroxidase
activity was observed neither in control nor in treatments. The
apparent absence of the enzyme is puzzling in light of all other per-
oxidases being present in considerable amounts.

4. Discussion

The primary objective of this study was to assess antioxidant
levels, with reference to commercially-used chemical treatments
for post-harvest management in mango, as these have been scar-
cely investigated until now. The antioxidant enzyme activity of
cells is determined by inherent characteristics of the cells, their
metabolic specialisation and environmental factors to which the
cells are exposed, such as the level of oxygenation and the presence
of metabolites. Antioxidant enzymes exhibit synergistic interac-
tions by protecting each other from specific free radical attacks.
SOD protects catalase from inactivation by superoxide radicals,
whereas catalase and glutathione peroxidase protect SOD from
inactivation by hydroperoxides (Blum & Fridovich, 1985). How-
ever, there could be other factors that play a role in oxidative
stress-related enzymatic activities, because in a biological system
the observed effect of an enzyme would thus be the net effect all
synergistic and antagonistic effects of other enzymes and com-
pounds present in the cellular environment.
In the present study, the following two general conclusions
were drawn: (a) the antioxidant enzyme activity of mango varied
considerably, according to the treatment, hence, this aspect of
quality could be improved by treatment selection; (b) a consider-
able loss of antioxidant fraction occurs during ripening. The results
obtained in the present study suggest that not only are these anti-
oxidants the main components of the fruit mesocarp, but they
seem to be also major constituents of the proteins of the mesocarp
(Zamora, Alaiz, & Hidalgo, 2001). Recent years have witnessed a
plethora of reports correlating increases in one or more of the anti-
oxidant enzymes under stress conditions. This interest is based on
the early observations noted in apples that chilling injury, superfi-
cial scald, CO2 injury along with colour change, softening, activities
of polyphenoloxidase and lipid peroxidation were lower in diphe-
nylamine (DPA) treated fruits than in untreated ones (Lurie, Klein,
& Ben-Arie, 1989).

Changes in oxidative stress during fruit development can be as-
sessed by the extent of lipid peroxidation. Accumulation of lipid
peroxidation products is indicative of increasing oxidative stress
during the ripening phase of fruit development. TBARS are pro-
duced from the spontaneous decomposition of lipid hydroperox-
ides and are regarded as sensitive markers of peroxidative
damage. Previous work on lipid peroxidation and expression of
one member of the lipoxygenase gene family in kiwi fruit, suggests
that lipid peroxidation and expression increase with ethylene-in-
duced fruit ripening (Zhang et al., 2006). Interestingly, this effect
was also observed in our study, where ethylene released by
decomposition of Ethrel had resulted in a significant increase in li-
pid peroxidation. Superoxide free radicals and hydroperoxides pro-
duced via the lipoxygenase pathway not only take part in
peroxidation of cell membrane lipids, but also might be involved
in other aspects of cell degradation. Lipid peroxidation has been
shown to increase in conjunction with ripening processes such as
loss of firmness in kiwi fruit (Zhang et al., 2006).

Hydrogen peroxide present in aerobic cells acts as a metabolite
at low concentrations, generated by non-enzymatic and superox-
ide dismutase-catalyzed dismutation reactions. It is of interest that
application of Ethrel leads to formation of peroxides. Conversely,
H2O2 generated from it may stimulate ethylene synthesis, which
in turn leads to autocatalytic synthesis of ethylene during fruit rip-
ening (Elstner, 1991). Our results showed that a rapid increase and
accumulation of H2O2 occurred to damaging levels at full ripeness
in Ethrel-treated sample. On the other hand, 1-MCP treatment
showed negligible accumulation of H2O2, which may be due to
high catalase activity, which decomposes H2O2 to water and
molecular oxygen without consuming reductants and, thus, may
provide plant cells with an energy-efficient mechanism to remove
H2O2 (Scandalios, Guan, & Polidoros, 1997).

Catalase, a porphyrin-containing enzyme, is a typical enzyme of
peroxisomes that may also exhibit pseudoperoxidative activity un-
der certain conditions (Elstner, 1991) and is considered to be one of
the most important enzymes in protecting oxidatively challenged
tissues. The results obtained in the present study revealed that
CAT activities were highest in mature green fruit (preclimacteric),
but declined as fruit developed to the fully ripe stage (postclimac-
teric). CAT activities (protein basis) were higher in mature green
Amelanchier alnifolia fruit but declined as fruit developed to the
fully ripe stages (Rogiers, Kumar, & Knowles, 1998), which was
similar to our results. It is believed that increasing oxidative stress,
which probably results from lower activity of catalase, is evidently
needed to facilitate many of the metabolic changes associated with
maturation and ripening of mango fruit. The results presented here
together with others already published (Fu, Cao, Li, & Lin, 2007)
have shown that the activity of CAT is higher in 1-MCP-treated
pear fruits than in the control fruits. The beneficial effect of 1-
MCP on improving post-harvest quality and reducing physiological
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disorders might be due to its ability to increase the antioxidant po-
tential as well as to delay fruit ripening along with senescence.

Similar to that of catalase, SOD activity was found to decrease
during the fruit ripening process. Renhua, Xia, Hu, Lu, and Wang
(2007) also observed a decrease in SOD and catalase with ripening
and maturation of sweet orange. The above observations, together
with the results presented here in our study, suggest that ripening
leads to a decrease in activities of SOD, as well as catalase activi-
ties, which accelerated in the case of Ethrel-treated fruits, while
1-MCP-treated fruit showed high specific activity. Superoxide an-
ions generated either by auto-oxidation processes or by enzymes,
produce other kinds of cell-damaging free radicals and oxidising
agents. Due to a substantial increase in respiration of this climac-
teric fruit, oxy free radical production probably increases with rip-
ening. The concomitant decline in SOD and CAT activities would
thus contribute to accumulation of O2

� and H2O2, affecting in-
creased oxidative stress with ripening. Fleshy cortex tissue has a
higher water concentration, which could also be a factor leading
to lowering of SOD in few cases (Gong, Toivonen, Lau, & Wiersma,
2001).

Another antioxidant, APX, is critical for the disposal of H2O2 in
mango fruit. Our data support the previously characterised pea
APX activity in demonstrating its inability in the absence of ascor-
bate, the high specificity for ascorbate, and the narrow pH opti-
mum for its activity (Jablonski & Anderson, 1982). Recent
investigations by Jiménez, Gómez, Navarro, and Sevilla (2002) have
shown higher APX specific activities in mitochondria from red
fruits of Capsicum annuum, as compared to green fruits, during rip-
ening. A similar trend in behaviour of APX activity was observed in
our work, with sharp increase of activity during ripening, in Ethrel-
treated ripe sample, as compared to the control. Higher APX
specific activities of fruit might play a role in avoiding the accumu-
lation of any activated oxygen species generated and suggest an
active role for these enzymes during ripening. In the absence of
guaiacol peroxidase or at least below the detection level, the role
of APX becomes more important in Dashehari mango ripening.

It is well known that M. indica var. Dashehari is a highly perish-
able fruit, and in some cases, does not reach processors and con-
sumers at optimal quality after transportation. To ensure that
these fruits reach consumers with the maximum organoleptic,
nutritional, and functional quality attributes, the role of biochem-
icals turns out to be of prime importance. It is premature to draw
conclusions about the biological applicability of these chemicals,
but it is tempting to speculate on some possible avenues for further
study, as the finding of our research could turn out to be significant
to the juice industry.
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