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Abstract Ozone is a potent oxidizing agent which has the
potential to extend fruit storage life by inhibiting disease
development. Its oxidative action may also affect fruit quality.
Fruit of bell pepper were exposed to 0 (control), 1, 3, 5, 7 and
9 ppm ozone at 12 °C and 95 % relative humidity (RH) for
3 days, and their quality was monitored during an additional
24 days of storage at 12 °C. Treatment with 7 and 9 ppm
ozone significantly affected quality by enhancing fruit ripen-
ing as shown by higher rates of respiration and colour change
and lower titratable acidity than that in untreated fruit. The
treatments also increased membrane permeability, reduced
firmness, enhanced weight loss and decreased ascorbic acid
content of the fruit. Exposure to lower ozone concentrations (1
and 3 ppm) had no effect on fruit respiration, colour, titratable
acidity and firmness. However, ascorbic acid concentration
was increased. This could be due to the activation of fruit
defence system that produces a high level of ascorbic acid to
neutralize the oxidative activity caused by ozone. Fruit ex-
posed to 3 ppm ozone were also rated by sensory evaluation as
having better fruit flavour after 19 days of storage than that of
fruit treated with 7 or 9 ppm ozone. Treatment of 3 ppm ozone
also reduced anthracnose incidence. This shows that exposure
to 3 ppm ozone has the potential to increase fruit ascorbic acid
content, reduce disease incidence and maintain fruit physico-
chemical quality.
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Introduction

Bell pepper (Capsicum annum L.) is a non-pungent or sweet
pepper that belongs to the same species as pungent peppers,
such as jalapeno, cayenne and serrano peppers. Bell pepper
lacks the capsaicin gene which gives the pungency trait in
some peppers (Bosland & Votava 2000). Bell pepper contains
high levels of antioxidants, such as vitamins A, C and E, as
well as other vitamins, including vitamins B1 (thiamine), B2

(riboflavin), B3 (niacin) and K (Bosland & Votava 2000).
Vitamin C or ascorbic acid, the major antioxidant in bell
pepper, may be up to six times the amount in oranges, and a
medium-sized bell pepper can provide 180 % of the recom-
mended daily allowance (RDA) of vitamin C (Bosland &
Votava 2000).

Bell pepper is one of the most important vegetables with a
growing demand due to its wide use in the fast food industry
as well as consumer motivation to consume vegetable as a
healthy diet (Castro et al. 2011). It is commonly used in salad
and pizza for its nutritive benefit, natural flavour and colour.
Its production is increasing annually with a total production of
30 million tonnes valued at USD 25 billion in 2011
(FAOSTAT 2012). China is the largest producer with 15
million tonnes in 2011 (FAOSTAT 2012).

Postharvest management of bell pepper is challenged by
anthracnose, the major disease affecting bell pepper. Such
diseases have caused substantial losses both in the field and
postharvest around the world (Mahasuk et al. 2009).
Currently, these diseases are controlled with synthetic fungi-
cides such as Maneb (Lewis Ivey et al. 2004); however, there
are hazards associated with their use and alternative safe
treatments are needed.

Ozone, O3, is a naturally occurring gas with a potential to
be an alternative postharvest treatment to replace synthetic
fungicides. It was approved by the US Food and Drug
Administration (FDA) for food treatment and storage in

N. A. Alwi :A. Ali (*)
Centre of Excellence for Postharvest Biotechnology (CEPB), School
of Biosciences, The University of Nottingham Malaysia Campus,
Jalan Broga, 43500 Semenyih, Selangor Darul Ehsan, Malaysia
e-mail: Asgar.Ali@nottingham.edu.my

Food Bioprocess Technol (2015) 8:558–566
DOI 10.1007/s11947-014-1419-2



2001 (FDA 2001). It oxidizes microorganisms’ cell mem-
branes, nucleic acid and intracellular enzymes, hence inhibits
microbial growth on fruit (Khadre et al. 2001). This has been
demonstrated on a variety of crops such as orange (Palou et al.
2003), kiwi fruit (Minas et al. 2010) and grape (Gabler et al.
2010). In comparison to synthetic fungicides, ozone decom-
poses to oxygen and, hence, leaves no harmful residues on
fruit. The activity of ozone on disease development and its
lack of harmful residue emphasizes the possibility of ozone as
an alternative treatment.

The oxidative environment achieved with ozone applica-
tion may also affect the physiology of fruit and vegetables and
consequently influence their physical and chemical qualities.
For example, in carrot, exposure to 10 ppm ozone for 10 min
reduced its respiration rate during storage, hence prolonged
the storage life (Chauhan et al. 2011). The ozone treatment,
however, caused transient increase in respiration rate of toma-
to (Rodoni et al. 2010). The variation in response is possibly
related to antioxidant systems which can counteract the oxi-
dative stress caused by ozone. Therefore, this study focused
on the effect of ozone on the physiology as well as the
physical and chemical qualities of pepper fruit and their cor-
relation with ascorbic acid content, the major antioxidant in
bell pepper.

Materials and Method

Fruit Material

Fruit of bell pepper (Capsicum annuum cv. ‘Zamboni’) were
harvested at the physiologically mature, green stage from a
commercial farm in Cameron Highlands, Pahang, Malaysia.
Fruit of uniform size (≈150 g/fruit), free of physical damage
and fungal infection were selected, rinsed three times with
distilled water and air dried to remove surface water.

Ozone Exposure

Ozone fumigation was conducted in airtight polycarbonate
chambers (112×47.5×42.5 cm) equipped with 12-V fans.
The ozone concentration was controlled using an ozone sensor
(model: OEM-2 Eco-Sensor, Inc.) calibrated against an ozone
analyser (model: IN2000-L2-LC, In USA, Inc.) (Ong et al.
2013). The chambers were placed in a temperature-controlled
room equipped with a charcoal ozone scrubber. Bell pepper
fruit (20 fruits per chamber) were exposed to ozone at con-
centrations of 0 (control), 1, 3, 5, 7 and 9 ppm for 3 days at
12 °C and 95 % relative humidity (RH). These concentrations
and exposure time were selected based on preliminary work
that identified treatment conditions to obtain high-quality
fruit. Following the ozone exposure, fruit were transferred to

identical control chambers (0 ppm ozone) and stored for an
additional 24 days at 12 °C and 95 % RH.

Determination of Physical Quality

Fruit colour at two opposite sides of the fruit equator was
measured using a colourimeter (model: MiniScan XE Plus,
HunterLab, USA), which was calibrated with standard black
and white tiles. Twenty fruits were used per replicate. Values
for L*, a * and b* were recorded every 3 days, and values for
chroma (C*) and hue angle (h°) were calculated using the
following equations (Xing et al. 2011):

C � ¼ a*2 þ b*2
� �1=2

h� ¼ tan−1b* =a*

Fruit weight loss was determined by weighing the fruit on a
digital balance (model: GF-6100, A&D Co. Ltd., Japan) be-
fore the ozone treatment and every 3 days until the end of the
storage period. Twenty fruits were used per replicate and the
same fruits were used throughout the experiment. Percentage
of weight was then calculated.

Fruit firmness was determined using an Instron texture
analyser (Instron 2519-104, MA), equipped with an 8-mm
plunger tip. Fruit pieces, 2.5×2.5 cm, were cut from the
equatorial region, and firmness was determined by applying
force with a constant speed of 20 mm min−1. Twenty fruits
were used per replication and two fruit pieces were sampled
per fruit. Sampling was done every 3 days and a maximum
force required to penetrate through the fruit was expressed in
Newton (N).

Membrane permeability was determined according to the
method of Xing et al. (2011) with modifications. Briefly, ten
fruit discs, including epidermis (≈0.059 cm3), were sampled
using a 0.5-cm cork borer, washed with distilled water, dried
on filter paper, placed in a flask with 30 ml distilled water,
shaken at 25 °C on an orbital shaker (model: S1500, Bibby
Scientific Limited, UK) for 30 min and boiled for 10 min.
Electrical conductivity of the solution was measured using a
conductivity metre (model: Eutech Cond 6+, Thermo Fisher
Scientific Inc., USA) before and after boiling, and percentage
leakage was calculated. Sampling was done every 3 days and
20 fruits were used per replication.

Determination of Chemical Quality

Soluble solid concentration (SSC) was determined using a
Palette digital refractometer (model: PR-32α, Atago Co, Ltd.
Japan). Ten grammes of fruit tissue from equatorial region
were homogenized in distilled water, centrifuged (model:
5810 R, Eppendorf, UK) at 5500 rpm for 5 min and SSC of
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the supernatant was determined using the refractometer cali-
brated with distilled water. Sampling was done every 3 days
and 20 fruits were used per replication. The reading was
recorded and multiplied by the dilution factor.

Titratable acidity (TA) was determined based on malic acid
content according to the method of Fox et al. (2005). Two
drops of phenolphthalein were added to the supernatant from
the SSC analysis and titrated with 0.1 % NaOH until the
solution turned pink. The malic acid content was determined
by the measuring volume of NaOH used and multiplying it by
the dilution factor and molecular weight of the malic acid
(134.09 g mol−1). Sampling was done every 3 days and 20
fruits were used per replication.

Chlorophyll concentration was determined according to the
method of Xing et al. (2011). One gramme of fruit tissue from
the equatorial region was homogenized with 10 ml of 80 %
acetone, centrifuged at 5500 rpm for 5 min and absorbance of
the supernatant was measured at 646.6, 663.6 and 750 nm
using a UV–vis spectrophotometer (Varioskan Flash
Multimode Reader, Thermo Fisher Scientific, USA).
Sampling was done every 3 days and 20 fruits were used per
replication. Absorbance at 646.6 and 663.6 nm was corrected
by subtracting with absorbance at 750 nm, and the chlorophyll
content was calculated using the following equation and
expressed as microgrammes per gramme fresh weight of fruit
sample.

Total chlorophyll μg g−1
� � ¼ 17:76 � A646:6 þ 7:34

� A663:6

Determination of Respiration and C2H4 Production

Respiration and C2H4 production by fruit was determined
according to the method of Forney et al. (2007) with modifi-
cations. Briefly, two fruits were sealed in a 500-ml container
and incubated for 1 h at room temperature (25–26 °C), after
which 1 ml of head space gas was sampled and injected into a
gas chromatograph (model: Clarus 500, Perkin Elmer Inc,

USA) equipped with a stainless steel column, 30 m×
0.530 mm (Porapak R 80/100), and a thermal conductivity
detector (TCD). Heliumwas used as a carrier gas at a flow rate
of 20 ml min−1 and temperature of the oven, injector and TCD
was set at 60, 100 and 200 °C, respectively. One millilitre of
CO2 gas standard (Scotty Gases, USA) was used for calibra-
tion. The CO2 production or respiration was expressed as
millilitre per kilogramme per hour. Fruit respiration rate was
measured every 3 days and the same fruit was used throughout
the experiment. Ten sets of fruit were used per replication.

Fruit C2H4 production was quantified by injecting 1 ml of
the head space gas into a gas chromatograph (model: Clarus
500, Perkin Elmer Inc, USA) equipped with a stainless steel
column, 30 m×0.530 mm (Porapak T, 100/120), and a flame
ionization detector (FID). Nitrogen was used as a carrier gas
and temperature of the oven, injector and FID was set at 150,
200 and 200 °C, respectively. One milliltre of C2H4 gas
standard (Scotty Gases, USA) was used for calibration. The
ethylene production was expressed as microlitre per
kilogramme per hour. Fruit respiration rate was measured
every 3 days and the same fruit was used throughout the
experiment. Ten sets of fruit were used per replication.

Determination of Ascorbic Acid Content

Ascorbic acid concentration was determined according to the
method of Ranggana (1986). For each fruit, 10 g of fruit tissue
from the equatorial region was homogenized with 90 ml of
3 % HPO3+8 % glacial acetic acid, filtered using Whatman
filter paper (pore size 11 μm) and 100 ml of filtrate were
titrated with 2,6-dichlorophenol indophenol (DCPIP) dye
(containing 2.49 mM NaHCO3) until pink colour persisted
for 15 s. Sampling was done every 3 days and 20 fruits were
used per replication. Standardization of DCPIP dye was de-
termined prior to analysis by titrating 1 g l−1 ascorbic acid
(dissolved in 3 % HCl) against the prepared DCPIP dye to
obtain the dye factor (dye factor=0.5 per titre value). Ascorbic
acid content was calculated using the following equation and
expressed in milligrammes of ascorbic acid in 100 g of fruit
sample.

Ascorbic acid mg 100g−1
� � ¼ dye factor � titre value mlð Þ � sample volume mlð Þ � 100

sample weight gð Þ � aliquot of sample used mlð Þ

Sensory Evaluation

Sensory evaluation of bell pepper was performed at day 19 of
storage using a hedonic scale rating (Whangchai et al. 2006).
Fruit tissues (5 cm×5 cm) from the equatorial region were

sampled and coded in random numbers, and 20 panelists were
asked to evaluate the criteria by allotting values; 1-extreme
dislike, 3-dislike, 5-acceptable, 7-good and 9-excellent. The
samples were rated based on appearance, colour, texture,
aroma, flavour and overall acceptability.
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Determination of Disease Incidence

Anthracnose incidence on bell pepper was evaluated by inoc-
ulating 50 μl of 1×105 spore ml−1 Colletotrichum capsici
spore suspension onto a 5.0-mm wound. The wound was
artificially prepared using a cork borer at the equatorial area
of bell pepper. The spore suspension was prepared by agitat-
ing 8-day-old C. capsici culture with sterile distilled water,
and detached fungal hyphae fragments were removed by
filtering the suspension through a double layer of cheese cloth
(average pore size≈150 μm). Concentration of the spore
suspension was estimated using a 0.0025-mm2 Neubauer
Improved haemocytometer (Hirschmann EM Techcolor,
Germany) and adjusted to 1×105 spores ml−1. Inoculated
fruits were subjected to ozone at concentrations of 0
(control), 1, 3, 5, 7 and 9 ppm for 3 days at 12 °C and
95 % RH and moved to identical control chambers
(0 ppm ozone) for an additional 21 days at 12 °C and
95 % RH. Twenty fruits were used per replicate.
Percentage of disease incidence at the end of storage
period was calculated as below:

Disease incidence %ð Þ ¼ Number of infected fruit � 100

Total number of fruit

Statistical Analysis

The experiments were carried out with a completely random-
ized design (CRD) with three replicates per treatment.
Replicates were placed in different chambers. Same fruit
was used for colour, weight loss, respiration and ethylene
production rate experiments, while another set of fruit was
used for destructive experiment such as firmness, membrane
permeability, TA, SSC and chlorophyll and ascorbic acid
contents. The experiment was repeated thrice and data was
analysed separately to check for homogeneity. The data were
then merged during analysis using statistical analysis software
(SAS, version 9.1.3, SAS Institute Inc., USA). Analysis of
variance (ANOVA) was performed with P<0.05 significance
level, and differences in data means were analysed using
Duncan’s multiple range test (DMRT). Data are presented
with standard errors generated using SAS.

Results and Discussion

Treatment of green pepper fruit with 1 and 3 ppm ozone had
no effect (P>0.05) on fruit colour (Table 1), firmness (Fig. 1),
TA (Fig. 2) and respiration (Fig. 3). Similarly to control,
epidermis colour of the fruit gradually changed from green T
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to yellow and then reddish during storage. In addition, firm-
ness, titratable acidity and respiration of the fruit also de-
creased at the same rate with the control during storage. The

reduction in these attributes is a progression of ripening as
observed in other studies (Jin-Hua et al. 2007; Lim et al.
2007). This shows that the treated fruit had similar ripening
progression with the control fruit, and quality of the fruit was
maintained comparable to the control.
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Exposure to 1 and 3 ppm ozone also had no effect on fruit
membrane permeability (P>0.05). This shows that the oxida-
tive stress of ozone had no effect on membrane integrity or
lipid peroxidation. This indicates a balanced oxidative status
in the cell which could be due to activation of fruit defence
system to neutralize the oxidative activity of ozone and its
induced reactive oxygen species (ROS) such as ·OH, ·OOH
and H2O2, hence maintain redox status in the cells. This is
evident by the significant increase in ascorbic acid concentra-
tion in fruit treated with 1 (12.1 %) and 3 (25.6 %) ppm ozone
(Fig. 4), immediately after exposure. The stimulating effect of
oxidative stress on ascorbic acid level was also observed in
pepper treated with 15 mM of H2O2 (Bayoumi 2008). This
could be due to activation of ROS scavenging genes as a
fruit’s second line of defence (Asghari & Aghdam 2010).
This involves reduction of monodehydroascorbate (MDA)
and dehydroascorbate (DHA) through ascorbate-glutathione
cycle (Halliwell-Asada pathway) which involves enzymes
such as monodehydroascorbate reductase (MDAR) and

dehydroascorbate reductase (DHAR) (Forney 2003; Apel &
Hirt 2004). This increases the level of reduced ascorbate to
neutralize oxidative action of ozone and its induced reactive
compounds, hence maintained the cell redox potential and
fruit ripening progress. This also increases ascorbic acid con-
tent in the fruit which increases value of the fruit in terms of
vitamin content.

Exposure to high concentrations of ozone (7 and 9 ppm)
significantly affected fruit physiology, as seen from the sig-
nificant increase in respiration rate following ozone exposure
(Fig. 3). The increase was, however, transient where no sig-
nificant difference (P >0.05) was observed in CO2 production
during storage. A similar transient increase in respiration rate
was observed in tomatoes exposed to 10 ppm ozone (Rodoni
et al. 2010) and carrot exposed to 1 ppm ozone in combination
with 1-MCP (Forney et al. 2007). The transient increase was
in response to oxidative stress of ozone and its induced free
radicals during ozone treatment (Tiwari et al. 2002). The
increase in fruit respiration was also associated with a signif-
icant decrease in TA (Fig. 2) on fruit exposed to high ozone
concentration. This could be a result of greater utilization of
organic acids as a respiratory substrate (Kays 1999) and/or be
a result of ozone-enhanced ripening.

Exposure to 7 and 9 ppm also resulted in significant reduc-
tion in ascorbic acid level (Fig. 4) which may be a result of
high oxidative stress from possible ozone-induced generation
of ROS that could perturb the antioxidant-oxidative stress
equilibrium (Jin-Hua et al. 2007). This could be a toxicity
symptom of ozone on bell pepper. This negative effect of
ozone was also observed on fresh-cut pineapple and guava
where their ascorbic acid contents were reduced by 46.44 and
67.13 %, respectively, after a reaction with 0.76 ppm ozone
(Alothman et al. 2010). High oxidative stress of the ozone
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dosage perturbed the equilibrium of ascorbate-glutathione
cycle where oxidized form of ascorbate exceeded the reduced
form (Apel & Hirt 2004). This reduced ascorbic acid content
and resulted in its depletion.

The low level of ascorbic acid in fruit may act as a pro-
oxidant where it produced H2O2 in a reaction with oxygen
(Fry 1998). The H2O2 then produced hydroxyl radical (OH·)
from its reaction with traces of metal compounds such as Fe2+

and Cu2+ through Haber-Weiss reaction (Gaetke & Chow
2003; Sakihama et al. 2002; Apel & Hirt 2004). Hydroxyl
radical is a highly reactive radical, and its accumulation in-
creased fruit oxidative stress and led to subsequent oxidative
chain reactions such as lipid and DNA degradation (Sakihama
et al. 2002; Apel & Hirt 2004).

The high oxidative stress in fruit treated with 7 and 9 ppm
ozone is evident from the increase in cell electrolyte leakage
(Fig. 1). This could be a result from oxidative action of oxidant
from ozone exposure as well as Haber-Weiss reaction which
led to lipid peroxidation and cell damage. This reduced cell
membrane integrity and increased moisture loss. This contrib-
uted to increase fruit weight loss and reduction in fruit firm-
ness (Fig. 1). Relation between cell membrane integrity and
fruit weight loss was also observed byMaalekuu et al. (2006).

The high oxidative stress also enhanced ripening as indi-
cated by the increased rate of titratable acidity loss and change
in colour (L*, C* and h° values) (Table 1). Colour lightness,
chroma and hue angle of fruit treated with high ozone con-
centrations were significantly different from that of the control
fruit at the end of the storage period, reflecting an increase in
yellow and reddish hues of the treated fruit. The increase in
colour change could also be due to oxidation of chlorophyll
molecules by ozone or ozone-induced ROS. This is supported
by the significant reduction in chlorophyll content of fruit
exposed to high ozone concentration (Fig. 2). Similar oxida-
tion effect of ozone was observed on bell pepper treated with
300 mW cm2 UV-C for more than 5 min (Sakaldaş& Kaynaş
2010). This could be due to the oxidizing effect of free radicals

such as superoxide radical (O2
−) which was reported to in-

volve in chlorophyll a degradation (Sakaki et al. 1983; Jin-
Hua et al. 2007).

The enhanced colour change observed could be a phyto-
toxic symptom of ozone on bell pepper. This symptom differs
from phytotoxic symptoms observed on papaya (Ong et al.
2013) and carrot (Hildebrand et al. 2008) which resulted in
epidermis browning after exposure to 4 ppm ozone for 6 days
and 0.05 ppm ozone for 2 months, respectively. The epidermis
browning could be a result from necrosis of cells near to
lenticels which are the main entry of ozone into the cells
(Forney 2003). In contrast to bell pepper with less lenticels
(Torlak et al. 2013), ozone has no selective entry into the cells;
hence, oxidation activity occurred evenly on the epidermis
and resulted in the enhanced colour change. Besides, epider-
mis of bell pepper is covered by a surface cuticle layer
(Maalekuu et al. 2006). The cuticle layer could be oxidized
by ozone. However, it could also act as a physical barrier

Table 2 Effect of ozone exposure on fruit appearance, colour, texture, aroma, flavour and overall acceptability after ozone treatment and 19 days of
storage at 12 °C and 95 % RH

Treatments (ppm) Sensory evaluation

Appearance Colour Texture Aroma Flavour Overall acceptability

0 5.2±1.0a 5.6±1.0a 5.3±0.1a 5.2±0.0a 5.6±1.0abc 5.4±0.8a

1 5.6±0.4a 5.4±1.0a 5.2±0.6a 5.8±0.2a 6.1±0.0ab 5.5±0.2a

3 5.8±0.8a 5.7±0.9a 5.6±0.2a 5.7±0.5a 6.3±0.2a 5.7±0.3a

5 5.8±1.0a 5.4±1.2a 5.8±0.0a 5.3±0.1a 4.8±0.2abc 5.3±0.4a

7 5.1±0.7a 4.5±0.5a 5.3±0.1a 5.1±0.1a 4.3±0.4cb 4.9±0.2a

9 4.7±1.1a 4.8±1.0a 4.5±0.9a 4.6±0.6a 4.3±0.4c 4.3±0.8a

Values with different letters are significantly different using Duncanmultiple range test (DMRT) (P<0.05). Values are mean±standard error (SE) of three
replicates

Fig. 5 Effect of ozone concentration on anthracnose incidence on bell
pepper after 21 days of storage at 12 °C, 95% RH, under ozone treatment
and subsequent clean air incubation. Vertical bars are the standard errors;
means of three replicates; DMRT test at P<0.05
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against oxidation activity which reduced susceptibility of bell
pepper to ozone, compared to other commodity without cuti-
cle layer. Besides, in comparison to other commodity, the
cuticle layer may also reduce the effect of ozone on other
attributes such as weight loss and respiration which correlated
with firmness and titratable acidity of the fruit.

Exposure to ozone had no effect on fruit SSC (Fig. 2). An
increase in SSC was observed during ripening due to the
biosynthesis of sugars, but the changes were comparable to
the control. The application of other oxidizing agent was also
reported to have no effect on bell pepper SSC as observed from
application of 50 ppm ClO2 solution on bell pepper (cv.
Longrum) (Jin-Hua et al. 2007) for 40 days and application of
14 kJ m−2 UV-C on bell pepper (cv. Zafiro) (Vicente et al.
2005). No significant effect was also reported on SSC of white
pepper treated with 15 mM H2O2 for 30 min (Bayoumi 2008)
and mango exposed to 2.2 ppm ozone for 45 min (Barbosa-
Martinez et al. 2002). These results suggested that the oxidative
agents did not affect synthesis of polysaccharides in bell pepper.

Exposure to ozone also had no effect on fruit ethylene
production. Ethylene production in treated fruit was compa-
rable to the control even though a slight increase was observed
in fruit exposed to 7 and 9 ppm ozone, immediately after
treatment. This suggests that ozone treatments have no signif-
icant effect on the fruit ethylene production, possibly due to
the non-climacteric nature of bell pepper and its low ability to
produce ethylene. This finding is similar to the effect of ozone
on peaches as a slight increase in ethylene production was
observed after exposure to 0.3 ppm ozone for 3 weeks (Palou
et al. 2002). The increase is comparable to the control and
transient (Palou et al. 2002).

Fruit sensory quality was not affected by the ozone treat-
ments as panelists had no preference between treated and
control fruit in terms of appearance, colour, texture, aroma
and overall acceptability (Table 2). Fruit treated with 3 ppm
ozone, however, received the highest rating for flavour imply-
ing that the treatment may have improved fruit flavour. This
fruit flavour was preferred by the panelists compared to 9 ppm
treated fruit, which received the lowest rating for flavour as
well as all other attributes. The 9 ppm treated fruit may have
been preferred less by the panelists due to the enhanced
ripening which produced a partially coloured fruit (Fox et al.
2005) with a soft texture (Yuen & Hoffman 1993).

Treatment with 1 and 3 ppm ozone which maintained fruit
physico-chemical quality similar to control also reduced an-
thracnose incidence (Fig. 5). This shows the ozone dosage
inhibited fungal development without jeopardizing fruit phys-
ical and chemical qualities. Lower disease incidence was
observed on fruit exposed to 7 ppm ozone. This could be
due to stronger antifungal effect of ozone on spore germina-
tion (Barbosa-Martinez et al. 2002) and/or mycelia growth
(Antony-Babu & Singleton 2009). The ozone dosage, how-
ever, enhanced fruit ripening as indicated by enhanced colour

change and reduction in firmness and titratable acidity.
Exposure to a higher ozone dosage, 9 ppm ozone showed
higher progress of fruit ripening which resulted in fruit with
softer a texture and higher sugar content. This favoured fungal
development, hence resulted in higher disease incidence com-
pared to 7 ppm ozone, regardless higher antifungal effect was
expected. Similar situation was reported in strawberry treated
with high UV-C dose (4.0 kJ m−2) which has a higher disease
development compared to strawberry exposed to lower dose
of UV-C (0.5 kJ m−2) (Nigro et al. 2000).

The potential of ozone treatment demonstrated in this study
provides an option to replace hazardous fungicides as a post-
harvest treatment. The ozone generator used in this study can
be switched off prior to chamber opening. This prevents direct
contact with ozone, hence minimizes its risk. Besides, the
chamber was designed to be airtight to prevent ozone contam-
ination in the atmosphere.

Conclusion

This study has shown that application of ozone influenced
ascorbic acid content in bell pepper which affects their quality.
Application of 1 and 3 ppm ozone enhanced fruit ascorbic
acid content which improved fruit nutritive quality and main-
tained fruit quality similar to the control. The treatment also
reduced anthracnose incidence on bell pepper, hence reduced
fruit loss during storage. Meanwhile, exposure to 7 and 9 ppm
ozone showed a degradation in fruit quality due to the excess
of oxidative stress. By considering the effect of ozone on fruit
physico-chemical quality as well as on disease inhibition,
treatment of 3 ppm ozone is recommended for postharvest
treatment of bell pepper during cold storage. The treatment
exhibited dual action on fruit quality which increased fruit
ascorbic acid content as well as reduced fungal development.
Therefore, this shows the potential of ozone to be used as
postharvest treatment of bell pepper, hence can be an option to
replace hazardous fungicides.
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