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Abstract

Anthracnose, mainly caused by Colletotrichum spp., is one of the fungal diseases resulting
in major economic losses affecting chilli production worldwide. Propolis extract from
honeybee has been discovered for its antifungal properties, which can potentially reduce
postharvest decay. Therefore, the present work investigated the efficiency of aqueous
extract of stingless bee (Heterotrigona itama) propolis in controlling postharvest
anthracnose and maintaining quality of chilli. Colletotrichum capsici was isolated and
characterised from infected chilli. Stingless bee propolis extract at different concentrations
of 1, 2, 5, and 10% were assessed in vitro to inhibit the mycelial growth of C. capsici. The
best concentration in inhibiting C. capsici growth was thereafter selected for in vivo
experiments. All tested concentrations of stingless bee propolis extract inhibited the
mycelial growth of C. capsica, the highest being 35% inhibition from the treatment of 10%
propolis extract. The extract at this concentration was therefore tested in vivo, and showed
effectiveness in reducing the percentage of disease severity in chilli. The propolis extract
was also efficient in reducing weight loss, retaining firmness, pH, total soluble solid, and
colour (a* value) throughout 21-day storage at 10°C. The present work demonstrated that
aqueous extract of stingless bee propolis could have the potential to control anthracnose
disease and delay deterioration, thus maintaining the postharvest quality parameters of
chilli. This natural product from stingless bee has the prospect to be an alternative to
synthetic fungicide.

© All Rights Reserved

Introduction

possible toxicity risk for humans and the environment
if used continuously (Tripathi and Dubey, 2004).

Anthracnose is one of the major diseases that
are commonly found in tropical fruits and vegetables
(Barrera et al., 2015). Globally, chilli (Capsicum
annuum) is considered one of the most prevalently
infected crop commodities. Anthracnose is caused by
Colletotrichum spp. that results in the reduction of
fruit quality postharvest (Prathibha et al., 2013), thus
affecting many farmers due to high postharvest
losses. The application of synthetic fungicides has
been a common conventional method used to treat
this problem. The usage of chemicals to control decay
in fruits during postharvest treatment could lead to

*Corresponding author.
Email: aidilla@umt.edu.my

This, therefore, warrants the exploration of effective
natural product to potentially substitute the synthetic
fungicides.

Stingless bees are found in tropical and
subtropical regions of the world such as Southeast
Asia, Australia, Africa, and South America (Mohd
Rafie et al., 2018). Heterotrigona itama is one of
stingless bee species in the Indo-Malayan stingless
bee clade. This species is widely domesticated in
Malaysia and neighbouring countries such as
Indonesia and Thailand. Locals prefer to rear this
species because it is widely distributed, and easy to
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manage as compared to the other stingless bee species
(Abd Razak et al., 2016; Omar et al., 2017). Apart
from honey and bee breed, this species also produces
propolis that has been reported for its various
bioactivities (Abdullah et al., 2019). Propolis is a
natural substance collected by the bees (stingless bee
and honeybee) originated from different parts of the
plants such as tree buds, sap flows, or other sources
(Pasupuleti et al., 2017). This natural product of bees
helps in retaining optimal structure and environment
of beehive (Kasote et al., 2015). According to
Ibrahim et al. (2016a), stingless bee produces higher
guantity of propolis than honeybee. Hence, the
extraction of propolis from stingless bee was chosen
over honeybee in the present work.

Propolis has been wused traditionally for
medicinal purposes in humans due to its potential
health benefits. Propolis provides numerous health
properties including antiseptic, anti-inflammatory,
antioxidant, antibacterial, antifungal, antiulcer,
anticancer, and immunomodulatory properties, thus
making it exceptionally applicable in the treatment of
various diseases (Pasupuleti et al., 2017). There are at
least 300 compounds contained in propolis including
flavonoids, phenolic acids, terpenoids, steroids, as
well as amino acids (Bankova et al., 2000).

Propolis from honeybee is reported to be able
to retard the growth of phytopathogenic fungi in vitro
such as Botrytis cinerea, Penicillium expansum,
Penicillium digitatum, and Colletotrichum spp.
(Tripathi and Dubey, 2004; Meneses et al., 2009;
Abo-Elyousr et al., 2021). However, the possible
antifungal activity of stingless bee propolis has not
been largely explored. Investigation on the potential
of this natural product as an alternative strategy
towards controlling postharvest losses, particularly in
reducing anthracnose, is therefore crucial. The
present work thus aimed at assessing the potential of
stingless bee propolis in reducing anthracnose and
retaining postharvest quality in chilli.

Materials and methods

Stingless bee propolis and chilli collection

The propolis sample from the H. itama species
was collected from Sekayu, Hulu Terengganu District
in Malaysia, and immediately transported to the
laboratory. Healthy, mature (maturity index of 2), and
uniform sized chillies free from any detectable signs
of infection of infection were harvested from a

commercial orchard located in Kuala Terengganu,
Malaysia.

Preparation of aqueous extract of stingless bee
propolis

Stingless bee propolis was frozen and grinded
in a chilled blender to prepare a powdered propolis
(Soylu et al., 2008). Propolis powder (25 g) was
mixed with 150 mL of distilled water, and shaken
continuously by orbital shaker (LM-570D, Taiwan)
for 5 d at 27°C. The mixture was then centrifuged at
5,000 rpm for 15 min, and filtered with Whatman No.
1 filter paper to remove any insoluble wax. The
filtrate was then evaporated (Buichi Rotavapor R-215,
Germany) to obtain the crude extract prior to the
preparation of four different concentrations of
propolis extract (1, 2, 5, and 10%).

Isolation and characterisation of Colletotrichum
capsici

The isolation of C. capsici was carried out from
infected chilli samples showing anthracnose
symptoms. Small slices of the chilli skin measuring 1
x 1 cm were cut using disinfected blade. Then, the
surface was soaked with 1% sodium hypochlorite
(v/v) for 2 min to disinfect. The surface was then
rinsed with sterile distilled water, and dried on sterile
filter paper. The sterile diseased tissue was inoculated
by using scalpel to the centre of Petri dishes
containing potato dextrose agar (PDA), and incubated
at room temperature (28 = 2°C) for 1 w. Single spore
isolate was prepared according to Kimaru et al.
(2018).

In vitro antifungal effect of stingless bee propolis
aqueous extract

The assessment of in vitro antifungal activity
of stingless bee activity of stingless bee propolis was
prepared by using cork borer to transfer 5-mm
diameter disc of C. capsici pure culture in the centre
of Petri dishes containing PDA supplemented with
propolis aqueous extract at concentrations of 1, 2, 5,
and 10%. For control experiment, Petri dishes
containing original PDA were used. PDA with and
without propolis extracts were incubated for 6 d at
28°C (Long et al., 2018). The percentage of
mycelium inhibition was then taken by measuring the
diameter of mycelium growth in control agar and agar
plate supplemented with propolis extracts. The
percentage of mycelium inhibition was calculated
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using Eq. 1:

% Mycelium inhibition =

Diameter of mycelium growth (Control — Treatment)

X 100
(Eq. 1)

Control

Assessment on the effect of stingless bee propolis
agueous extract on chilli

Ninety chillies were soaked in 1% sodium
hypochlorite for 2 min, and rinsed with sterilised
distilled water. Then, they were air-dried at room
temperature. The selection of propolis concentration
used for this assessment was based on the highest
inhibition obtained through in vitro antifungal
assessment. Half the number of chillies was
immersed in 10% aqueous extract of propolis for 3
min, and air-dried (15 chillies per each replicate). The
other half served as the control group, and was
immersed in distilled water for a similar duration (15
chillies per each replicate). Chillies were then
wounded using sterile needle at 2-mm depth, and
inoculated with mycelial plug of C. capsici. Control
chilli was inoculated with clean PDA only. Inoculated
chillies were stored at 10°C for 21 d, and measured
for postharvest quality parameter at 3-d intervals. The
assessment included physical, chemical, and disease
severity evaluations.

Assessment of physical quality of chillies

Physical quality was measured through
percentage weight loss, change in colour (a* value;
redness), and firmness of chillies. Weight loss of
chillies from each treatment was measured
throughout 21-d storage at every 3-d intervals
(Barzegar et al., 2018). The difference between initial
and final weight was considered as the total weight
loss during the storage interval, and expressed as
percentage weight loss using Eqg. 2:

Percentage weight loss =
Initial weight — Final weight
8 B2 x 100

(Eq. 2)

Initial weight

The colour changes (redness) of chilli skin
were analysed non-destructively using Konica
Minolta Chroma meter Model CR400X (Chahbani et
al., 2018). The a* values were taken from three
different spots around the top, middle, and bottom of
chillies.

Chilli firmness was measured at 3-d storage
intervals using TA-XT Plus Texture Analyser (Stable

Micro Systems, United Kingdom) (Chaple et al.,
2016). The data were obtained using a 2-mm diameter
stainless needle probe P/2N, a penetration speed of 5
mm/s, and a penetration depth of 30 mm. The
firmness readings were taken on the upper, middle,
and bottom part of chillies, and the readings were
expressed in Newton (N).

Assessment of chemical quality of chillies

Chemical quality parameters measured
included total soluble solid (TSS) and lycopene
content in chillies. Total soluble solid of chilli pulp
was determined using a hand-held refractometer. The
chillies were crushed by mortar and pestle to obtain
the juice. Then, the juice was filtered through a
muslin cloth. A drop of the filtrate was placed on the
prism glass of the refractometer. The refractometer
was calibrated with distilled water before analysis.
The TSS was recorded and expressed as °Brix.

Lycopene was measured according to Anthon
and Barrette (2007) with slight modifications. Chilli
(1 g was added with 100 mL of
hexane:ethanol:acetone (2:1:1), and incubated for 10
min. Thereafter, 15 mL of water was added to reach
phase separation. The upper phase was collected and
measured for absorbance on UV-Vis
spectrophotometer UV-1800 (Shimadzu Corporation,
Japan) at 503 nm wavelength. The Ilycopene
concentration was calculated using Eq. 3:

Abs X537 X100%0.55
172xW

Lycopene (mg/g) = (Eq. 3)
where, Abs = absorbance at 503 nm; 537 g/mol = the
molecular weight of lycopene; 100 mL = volume of
mixed solvent; 0.55 = the volume ratio of the upper
layer to the mixed solvent; 172 mM-* = the extinction
coefficient for lycopene in hexane; and W = weight
of sample (g).

Assessment of disease severity index of chillies

The disease severity was assessed at the end of
the storage period (day 21, based on the following
scale (from 0O to 5) according to Yadav et al. (2017)),
and was categorised as follows:

0 = healthy, no disease;

1=1-5% of fruit area were affected;

2 =5.1 -10% of fruit area were affected;

3 =10.1 - 25% of fruit area were affected;

4 =25.1 - 50% of fruit area were affected; and
5 = > 50.1% of fruit area were affected.
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Then, the percentage of disease severity (DSI)
was calculated using Eq. 4:

DSI (%) =

Total number of symptomatic fruits x Severity index

x 100
Total number of fruit examined X maximum rating scale number

(Eq. 4)

Statistical analysis

A complete randomised experimental design
was performed with three replicates per treatment.
Data were subjected to analysis of variance, t-test,
and Wilcoxon signed-rank test using IBM SPSS
Statistics 23. Statistical significance was considered
atp <0.05.

Results and discussion

Morphological characteristics of Colletotrichum
capsici isolates

The morphological characteristics of isolated
fungi showing colony characteristics, type of conidia,
and setae were identified, and C. capsici isolates was
recognised (Figure 1). Colonies of C. capsici showed
grey to white colour with thin white cottony mycelia.
Reverse colony shows concentric ring with black
averculi orange conidia. The shape of conidia of the
isolate agreed with previous description by Sharma et
al. (2005).

Figure 1. Colletotrichum capsici, (A) obverse view
showing grey to white colony with thin cottony
mycelium, (B) reverse view showing concentric ring

with black averculi orange conidial masses, (C) setae,
(D) falcate conidia.

The effect of different concentrations of stingless bee
propolis aqueous extract on percentage of in vitro
mycelial inhibition of C. capsici

Table 1 illustrates the inhibition of C. capsici
mycelial growth on PDA supplemented with different
concentrations of aqueous extract of propolis after 6-
d incubations. Mycelial growth inhibition was
positively related to the tested concentration of
propolis where inhibition values for concentrations of
1,2,5,and 10% were 5.18, 13.08, 24.14, and 34.63%,
respectively. Stingless bee propolis showed valuable
antifungal activity against C. capsici alongside those
reported from the honeybee propolis (Maysoun et al.,
2014; Alietal., 2014; 2015). Honeybee propolis have
been reported for its effectiveness in inhibiting the
growth C. capsici (Ali et al., 2014) and other
important agricultural fungi species such as Botrys
cinerea, Fusarium sp., Alternaria alternata (Curifuta
et al., 2012), Penicillium expansum (Matny et al.
2015), and Clostridium musae (Dudoit et al., 2020).
These studies utilised ethanolic extract of honeybee
propolis, showing a greater mycelial inhibition of the
tested fungi, for instance 40% mycelial inhibition of
Fusarium sp. and 89% inhibition of C. capsici by 1
and 0.5% honeybee propolis, respectively (Curifuta et
al., 2012; Ali et al., 2014). Therefore, the difference
of capacity in inhibiting the mycelial growth found in
the present work could be attributed to the more
efficient extraction of bioactive substances from the
propolis using ethanol (Pobiega et al., 2019).
However, aqueous extraction of propolis has the
advantage of lower production cost, and the absence
of ethanol in the solution may be a preferred choice
for food applications (Pobiega et al., 2019). The
present work thus added to the scarce body of
literature on the potential of aqueous propolis extract
as an agricultural antifungal agent.

The antifungal activity against C. capsici
reported in the present work could be attributed to the
bioactive compounds present in the stingless bee
propolis. lbrahim et al. (2016b) have previously
reported the presence of various bioactive compounds
in H. itama propolis such as terpenoids, flavonoids,
phenols, essential oils, steroids, saponin, and
coumarin. These bioactive compounds might have
synergistically hindered the access of C. capsici to
obtain nutrients from the PDA, thus restricting the
mycelial growth (Ali et al., 2014).
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Table 1. Percentage (%) of mycelium inhibition of C. capsici with different concentrations of propolis

aqueous extract.

Percentage of mycelium

Inhibition zone of
C. capsici

Treatment
inhibition (%)
Control 0

(0% propolis extract)

1% propolis extract 5.18

2% propolis extract 13.08

5% propolis extract 24.14
10% propolis extract 34.63

The effect of 10% propolis agueous extract on
postharvest quality assessment of chillies

Aqgueous extract of stingless bee propolis at a
concentration of 10% was selected for the in vivo
analysis following the observation of the highest
antifungal activity against C. capsici in vitro.

The effect of 10% propolis aqueous extract on
physical quality of chillies

The weight loss of chillies increased steadily
with storage time (Figure 2A). Weight loss is
associated with water loss of most fruits by
transpiration and respiration (Abbasi et al., 2011).
The higher rate of weight loss in control chillies could
have been a result of membrane damage and skin
surface cracking (Lara et al., 2014) caused by the
disease development which was detected on day 6 of

storage. The propolis-treated chillies, on the other
hand, had a significantly reduced rate of weight loss
(p < 0.05) over 21-d storage, thus suggesting that
propolis could create an efficient moisture barrier that
helps to protect epidermal tissue of chillies (Ali et al.,
2015). A previous study investigating the addition of
propolis into an edible film reported the effectiveness
of the propolis in enhancing the water vapour barrier
properties of the film (Pastor et al., 2010). This
suggested that the stingless bee propolis could create
a barrier on the skin of chillies that helps prevent the
loss of moisture, which therefore aids in preserving
them. Previous studies have reported similar
observations on the effectiveness of honeybee
propolis to delay weight loss of dragon fruits and
cherry tomatoes (Zahid et al., 2013; Pobiega et al.
2020). Propolis was also found to delay the reduction
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Figure 2. Effect of 10% stingless bee propolis aqueous extract on physical quality, (A) percentage
weight loss, (B) colour (redness, a*), and (C) firmness of chilli stored at 10°C for 21 days. Data are

mean + standard error.

of weight in many fruits including bananas,
grapefruits, grapes, mangoes, oranges, papayas,
pomegranates, bell peppers, and tomatoes (Passos et
al., 2016). This, therefore, suggested the effectiveness
of propolis extract in creating a protective layer on the
chillies which reduced the loss of moisture, thus
lowering the rate of weight loss.

Colour is an important attribute in determining
the quality of fruits, especially in determining the
ripeness and consumers’ acceptability. Figure 2B
illustrates the effect of propolis extract on the redness
(a*) intensity of chillies. Redness (a* values)
increased gradually throughout the storage period in

both control and propolis-treated chilli from negative
to positive values, thus demonstrating the colour
changes from green to red throughout the storage
period. The colour changes were associated with the
increase in carotenoid due to the conversion of
chloroplast to chromoplast during ripening stages
(Pola et al., 2019). The present work demonstrated
that propolis-treated chillies had a significantly lower
redness value as compared to control (p < 0.05). The
lower increase in a* value with application of
propolis extract indicated the potential of propolis
treatment in delaying the ripening process of chillies.
The delayed change in colour of chillies was also in
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accordance with a previous report by Ali et al. (2014)
which used honeybee propolis in an edible coating.
Firmness, which evaluates the hardness or
crispness of fruits, is one of the important parameters
in determining the fruit quality during storage. Figure
2C shows the effect of stingless bee propolis extract
on maintaining the firmness of chillies. Control group
of chillies had a gradual decrease in firmness from
day 6 to 12 of storage due to the observed disease
development on them. Tissue softening occurs when
fruits reach ripening-cell wall degradation and starch
hydrolysis (Khalig et al., 2015). In the present work,
it was observed that propolis aqueous extract
significantly delayed reduction in firmness over 21-d
storage period (p < 0.05). Propolis may have affected
the insolubility of pectic material which inhibited the
degradation of pectin by the action of cell-wall
hydrolytic enzymes such as polygalacturonase (da
Cunhaetal., 2018). Data obtained in the present work
suggested the effectiveness of propolis in retaining
structural quality and delaying deterioration of
chillies. The possible protection of chilli epidermal
tissue by the propolis may have been able to reduce
their moisture loss, thus supporting the observation of
reduced weight loss observed in the present work.

The effect of 10% propolis aqueous extract on
chemical quality of chillies

Figure 3A shows the effect of propolis extract
on TSS of chillies. TSS in both control and treated
chillies showed a gradual increase during storage,
which was similarly reported by Putra et al. (2017) on
the effect of propolis treatment on tomatoes. The
increase in TSS value at the end of storage could be
associated with the conversion of carbohydrates into
sugars (Tsegay et al., 2013) during ripening. The
present work showed that the increase in TSS in
chillies treated with propolis was significantly
delayed as compared to control (p < 0.05), which
suggested a slower conversion of starch into water-
soluble sugars (Samira et al., 2013). This observation
was in conformity to previous studies reporting on a
lower TSS values of other fruits treated with propolis,
such as bananas (Passos et al., 2016) and peppers
(Ekhuemelo et al., 2018). A slower increase in TSS
in propolis-treated chillies in the present work thus
indicated the potential of stingless bee propolis in
delaying their ripening.

Lycopene is a bright red pigment highly found
in most fruits and vegetables, especially in ripe
chillies. During ripening, chlorophyll content
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Figure 3. Effect of 10% stingless bee propolis aqueous extract on chemical quality, (A) total soluble
solid, and (B) lycopene content of chilli stored at 10°C for 21 days. Data are mean + standard error.
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reduces, and the synthesis of the red pigments
lycopene begins (Pola et al., 2019). Figure 3B shows
the lycopene content of chillies, with and without the
treatment of propolis extract, throughout the storage
period. Chillies treated with propolis extract showed
a tendency for a lower increase in lycopene level as
compared to control, but no significant difference was
observed. This observation was in accordance with a
report by Putra et al. (2017) who observed no
significant effect on lycopene level of tomatoes
following treatment with propolis. In relation to the
significantly lower redness intensity (a* values) of
propolis-treated chillies discussed earlier, a more
predominant carotenoid in chillies, which is
capsanthin (Pola et al., 2020), could be more affected
by the propolis treatment. Therefore, it is suggested
that the value of capsanthin should be measured to
assess the effectiveness of any potential postharvest
treatments in the future.

Effect of 10% propolis aqueous extract on disease
severity index (%) in chillies

Figure 4 illustrates that the percentage of
disease severity in chillies treated with propolis
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extract was significantly lower as compared to control
(p < 0.05). Lower disease severity (35%) was
recorded in chillies treated with propolis extract as
compared to control (45%) at the end of storage
period. The in vitro antifungal activity observed from
10% stingless bee propolis extract as shown earlier in
Table 1 supports this in vivo assessment. Ali et al.
(2015) also reported the efficiency of honeybee
propolis in reducing disease caused by C. capsici on
bell peppers. Inhibition of disease severity in
raspberries was also observed from the application of
honeybee propolis extract as reported by Moreno et
al. (2020). Phenols and flavonoids present in stingless
bee propolis (Ibrahim et al., 2016a; Abdullah et al.,
2020) could be attributed for the inhibition of disease
development due to their active antifungal capacity
(Kanwal et al., 2010; Matei et al., 2018). Zulhendri et
al. (2021) reviewed several published articles on the
attribution of phenolics and flavonoids towards
antifungal activity against many fungal species.
These compounds could also be responsible against
plant pathogenic fungi such as C. capsici which
causes deterioration of chillies.
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Figure 4. Effect of 10% stingless bee propolis aqueous extract on percentage of disease severity of chilli
stored at 10°C for 21 days. Data are mean + standard error.

Conclusion

The present work revealed that aqueous extract
of stingless bee propolis could have the potential to
be an antifungal agent that could be used against
anthracnose disease in chilli. In vitro assessment
showed that the aqueous propolis extract inhibited
myecelial growth of C. capsici. Additionally, in vivo

assessment exhibited a significant impact of the
extract on improving select measures of postharvest
quality in chilli which included decreased weight loss
and disease severity, and retained firmness, a* value,
and total soluble solid. The application of stingless
bee propolis can potentially substitute the use of
synthetic fungicide in agriculture in ensuring safety
of the harvested produce. Moreover, the application
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of aqueous propolis extract could be combined with
other treatments for potential synergistic effect in
controlling anthracnose. The prospect of utilising this
natural product from stingless bee could also increase
its commercial value, and economically benefit
stingless beekeepers.

Acknowledgement

Authors thank the financial support received
from Faculty of Fisheries and Food Science,
Universiti Malaysia Terengganu for the completion
of the present work. Authors also acknowledge the
technical assistance received from the laboratory
personnel of Faculty of Fisheries and Food Science,
Universiti Malaysia Terengganu. Authors also thank
Assoc. Prof. Michael Considine for the valuable input
in correcting this manuscript.

References

Abbasi, K. S., Anjum, N., Sammi, S., Masud, T. and
Ali, S. 2011. Effect of coatings and packaging
material on the keeping quality of mangoes
(Mangifera indica L.) stored at low
temperature. Pakistan Journal of Nutrition
10(2): 129-138.

Abd Razak, S. B., Aziz, A. A., Ali, N. A, Ali, M. F.
and Visser, F. 2016. The sustainable
integration of meliponiculture as an additional
income stream for rubber smallholders in
Malaysia. In IRRDB International Rubber
Conference 2016 - Sustainability of the NR
industry: Issues, Challenges and Opportunities.
Cambodia.

Abdullah, N. A., Ja'afar, F., Yasin, H. M., Taha, H.,
Petalcorin, M. 1., Mamit, M. H., ... and Usman,
A. 2019. Physicochemical  analyses,
antioxidant, antibacterial, and toxicity of
propolis particles produced by stingless bee
Heterotrigona itama found in Brunei
Darussalam. Heliyon 5(9): e02476.

Abdullah, N. A., Zullkiflee, N., Zaini, S. N. Z., Taha,
H., Hashim, F. and Usman, A. 2020.
Phytochemicals, mineral contents,
antioxidants, and antimicrobial activities of
propolis produced by Brunei stingless bees
Geniotrigona thoracica, Heterotrigona itama,
and Tetrigona binghami. Saudi Journal of
Biological Sciences 27(11): 2902-2911.

Abo-Elyousr, K. A. M., Al-Qurashi, A. D. and
Almasoudi, N. M. 2021. Evaluation of the
synergy between Schwanniomyces vanrijiae
and propolis in the control of Penicillium
digitatum on lemons. Egyptian Journal of
Biological Pest Control 31: 66.

Ali, A., Chow, W. L., Zahid, N. and Ong, M. K. 2014.
Efficacy of propolis and cinnamon oil coating
in controlling post-harvest anthracnose and
quality of chilli (Capsicum annuum L.) during
cold storage. Food and Bioprocess Technology
7(9): 2742-2748.

Ali, A.,, Wei, Y. Z. and Mustafa, M. A. 2015.
Exploiting propolis as an antimicrobial edible
coating to control post-harvest anthracnose of
bell pepper. Packaging Technology and
Science 28(2): 173-179.

Anthon, G. and Barrett, D. M. 2007. Standardization
of a rapid spectrophotometric method for
lycopene analysis. Acta Horticulturae 758:
111-128.

Bankova, V. S., de Castro, S. L. and Marcucci, M. C.
2000. Propolis: Recent advances in chemistry
and plant origin. Apidologie 31(1): 3-15.

Barrera, E., Gil, J., Restrepo, A., Mosquera, K. and
Durango, D. 2015. A coating of chitosan and
propolis extract for the postharvest treatment of
papaya (Carica papaya L. cv. Hawaiiana).
Revista Facultad Nacional de Agronomia,
Medellin 68(2): 7667-7678.

Barzegar, T., Fateh, M. and Razavi, F. 2018.
Enhancement of postharvest sensory quality
and antioxidant capacity of sweet pepper fruits
by foliar applying calcium lactate and ascorbic
acid. Scientia Horticulturae 241: 293-303.

Chahbani, A., Fakhfakh, N., Balti, M. A., Mabrouk,
M., El-Hatmi, H., Zouari, N. and Kechaou, N.
2018. Microwave drying effects on drying
Kinetics, bioactive compounds and antioxidant
activity of green peas (Pisum sativum L..). Food
Bioscience 25: 32-38.

Chaple, S., Vishwasrao, C. and Ananthanarayan, L.
2016. Edible composite coating of methyl
cellulose for post-harvest extension of shelf-
life of finger hot Indian pepper (Pusa jwala).
Journal of Food Processing and Preservation
41: 1-8.

Curifuta, M., Pardenilla, J. V., Sanchez, J., Contreras,
A., Salazar, L. A. and Alvear, M. 2012. The in
vitro antifungal evaluation of a commercial
extract of Chilean propolis against six fungi of



384 Mubarak, A., et al./IFRJ 30(2): 375 - 385

agricultural importance. Ciencia e
Investigacion Agraria 39(2): 347-359.

da Cunha, M. C., Passos, F. R., Mendes, F. Q.,
Pigozzi, M. T. and de Carvalho, A. M. X. 2018.
Propolis extract from different botanical
sources in postharvest conservation of papaya.
Acta Scientiarum Technology 40: e31074.

Dudoit, A., Mertz, C., Chillet, M., Cardinault, N. and
Brat, P. 2020. Antifungal activity of Brazilian
red propolis extract and isolation of bioactive
fractions by thin-layer chromatography-
bioautography. Food Chemistry 327: 127060.

Ekhuemelo, C., Bwala, R. and Terfa, D. 2018. Effect
of plant extracts on the postharvest quality and
management of pepper anthracnose incited by
Colletotrichum capsici (Synd) Butler and
Bisby on pepper (Capsicum frutescens L.)
fruits. Asian Journal of Agricultural and
Horticultural Research 1(2): 1-7.

Ibrahim, N., Niza, N. F. S. M., Rodi, M. M. M.,
Zakaria, A. J., Ismail, Z. and Mohd, K. S.
2016b. Chemical and biological analyses of
Malaysian stingless bee propolis extracts.
Malaysian Journal of Analytical Sciences
20(2): 413-422.

Ibrahim, N., Zakaria, A. J., Ismail, Z. and Mohd, K.
S. 2016a. Antibacterial and phenolic content of
propolis produced by two Malaysian stingless
bees, Heterotrigona itama and Geniotrigona
thoracica. International Journal of
Pharmacognosy and Phytochemical Research
8(1): 156-161.

Kanwal, Q., Hussain, I., Latif Siddiqui, H. and Javaid,
A. 2010. Antifungal activity of flavonoids
isolated from mango (Mangifera indica L.)
leaves. Natural Product Research 24(20):
1907-1914.

Kasote, D., Ahmad, A., Chen, W., Combrinck, S. and
Viljoen, A. 2015. HPTLC-MS as an efficient
hyphenated technique for the rapid
identification of antimicrobial compounds
from propolis. Phytochemistry Letters 11: 326-
331.

Khaliq, G., Mohamed, M. T. M. and Ali, A. 2015.
Effect of gum arabic coating combined with
calcium chloride on physico-chemical and
qualitative properties of mango (Mangifera
indica L.) fruit during low temperature storage.
Scientia Horticulturae 190: 187-194.

Kimaru, S. K., Monda, E., Cheruiyot, R. C., Mbaka,
J. and Alakonya, A. 2018. Morphological and

molecular identification of the causal agent of
anthracnose disease of avocado in Kenya.
International Journal of Microbiology 2018:
4568520.

Lara, I., Belge, B. and Goulao, L. F. 2014. The fruit
cuticle as a modulator of postharvest quality.
Postharvest Biology and Technology 87: 103-
112.

Long, L. T., Tan, L. V., Boi, V. N. and Trung, T. S.
2018. Antifungal activity of water-soluble
chitosan against Colletotrichum capsici in
postharvest chilli pepper. Journal of Food
Processing and Preservation 42(1): e13339.

Matei, P. M., lacomi, B. M., Martin-Gil, J., Pérez-
Lebefia, E., Ramos-Sanchez, M. C., Barrio-
Arredondo, M. T. and Martin-Ramos, P. 2018.
In vitro antifungal activity of composites of
AgNPs and polyphenol inclusion compounds
against Fusarium culmorum in different
dispersion media. Agronomy 8(11): 239.

Matny, O. N., Al-Warshan, S. H. and Ali, A. M. 2015.
Antifungal evaluation of Iragi propolis against
Penicillium  expansum and  mycotoxin
production in apple. International Journal of
Current Microbiology and Applied Sciences
4(11): 399-405.

Maysoun, A. M., Nurul Alyaa, A., Yee, Z. W. and
Asgar, A. 2014. Application of propolis as a
green technology for maintaining the quality of
bell pepper. Transactions of the Malaysian
Society of Plant Physiology 21: 82-86.

Meneses, E. A., Durango, D. L. and Garcia, C. M.
2009. Antifungal activity against postharvest
fungi by extracts from Colombian propolis.
Quimica Nova 32(8): 2011-2017.

Mohd Rafie, A. Z., Syahir, A., Wan Ahmad, W.,
Mustafa, M. Z. and Mariatulgabtiah, A. R.
2018. Supplementation of stingless bee honey
from  Heterotrigona  itama  improves
antiobesity parameters in high-fat diet induced
obese rat model. Evidence  Based
Complementary Alternative Medicine 2018:
6371582.

Moreno, M. A., Vallejo, A. M., Ballester, A. R,,
Zampini, C., Isla, M. 1., Lopez-Rubio, A. and
Fabra, M. J. 2020. Antifungal edible coatings
containing Argentinian propolis extract and
their application in raspberries. Food
Hydrocolloids 107: 105973.

Omar, R., Igoli, J. O., Zhang, T., Gray, A. |., Ebiloma,
G. U,, Clements, C. J., ... and Watson, D. G.



Mubarak, A., et al./IFRJ 30(2): 375 - 385 385

2017. The chemical characterization of
Nigerian propolis samples and their activity
against Trypanosoma brucei. Scientific
Reports 7(1): 1-10.

Passos, F. A. R., Mendes, F. I. Q., da Cunha, M. C.,
da Cunha, M. I. C. and de Carvalho, A. E. M.
X. 2016. Propolis extract coated in Pera orange
fruits: An alternative to cold storage. African
Journal of Agricultural Research 11(23): 2043-
2049.

Pastor, C., Sdnchez-Gonzélez, L., Chafer, M., Chiralt,
A. and Gonzélez-Martinez, C. 2010. Physical
and antifungal properties of
hydroxypropylmethylcellulose based films
containing propolis as affected by moisture
content. Carbohydrate Polymers 82(4): 1174-
1183.

Pasupuleti, V. R., Sammugam, L., Ramesh, N. and
Gan, S. H. 2017. Honey, propolis, and royal
jelly: A comprehensive review of their
biological actions and health benefits.
Oxidative Medicine and Cellular Longevity
2017: 1259510.

Pobiega, K., Krasniewska, K. and Gniewosz, M.
2019. Application of propolis in antimicrobial
and antioxidative protection of food quality - A
review. Trends in Food Science and
Technology 83: 53-62.

Pobiega, K., Przybyl, J. L., Zubernik, J. and
Gniewosz, M. 2020. Prolonging the shelf life
of cherry tomatoes by pullulan coating with
ethanol extract of propolis during refrigerated
storage. Food and Bioprocess Technology
13(8): 1447-1461.

Pola, W., Sugaya, S. and Photchanachai, S. 2019.
Color development and phytochemical
changes in mature green chili (Capsicum
annuum L.) exposed to red and blue light-
emitting diodes. Journal of Agricultural and
Food Chemistry 68(1): 59-66.

Pola, W., Sugaya, S. and Photchanachai, S. 2020.
Influence of postharvest temperatures on
carotenoid biosynthesis and phytochemicals in
mature green chili (Capsicum annuum L.).
Antioxidants 9(3): 203.

Prathibha, V. H., Rao, A. M., Ramesh, R. and Nanda,
C. 2013. Estimation of fruit quality parameters
in anthracnose infected chilli  fruits.
International Journal of Agriculture and Food
Science Technology 4(2): 57-60.

Putra, R. E., Khairannisa, S. and Kinasih, 1. 2017.
Effect of application propolis as biocoating on
the physical and chemical properties of
tomatoes stored at room temperature. 10P
Conference Series - Earth and Environmental
Science 58(1): 012026.

Samira, A., Woldetsadik, K. and Workneh, T. S.
2013. Postharvest quality and shelf life of some
hot pepper varieties. Journal of Food Science
and Technology 50(5): 842-855.

Sharma, P. N., Kaur, M., Sharma, O. P. and Pathania,
A. 2005. Morphological, pathological and
molecular variability in  Colletotrichum
capsici, the cause of fruit rot of chillies in the
subtropical region of North-Western India.
Journal of Phytopathology 153(4): 232-237.

Soylu, E. M., Ozdemir, A. E., Candir, E. E. and
Sahinler, N. 2008. Antifungal activity of
propolis against postharvest disease agent
Penicillium digitatum. Asian Journal of
Chemistry 20(6): 4823-4830.

Tripathi, P. and Dubey, N. K. 2004. Exploitation of
natural products as an alternative strategy to
control postharvest fungal rotting of fruit and
vegetables.  Postharvest  Biology and
Technology 32(3): 235-245.

Tsegay, D., Tesfaye, B., Mohammed, A. and Yirga,
H. 2013. Effects of harvesting stage and
storage duration on postharvest quality and
shelf life of sweet bell pepper (Capsicum
annuum  L.) varieties under passive
refrigeration system. International Journal of
Biotechnology and Molecular Biology
Research 4(7): 98-104.

Yadav, A. L., Ghasolia, R. P., Choudhary, S. and
Yadav, V. K. 2017. Exploitation of fungicides
and plant extracts for ecofriendly management
of chilli fruit rot disease. International Journal
of Chemical Studies 5(4): 1632-1634.

Zahid, N., Ali, A., Siddiqui, Y. and Magbool, M.
2013. Efficacy of ethanolic extract of propolis
in maintaining postharvest quality of dragon
fruit during storage. Postharvest Biology and
Technology 79: 69-72.

Zulhendri, F., Chandrasekaran, K., Kowacz, M.,
Ravalia, M., Kripal, K., Fearnley, J. and Perera,
C. 0. 2021. Antiviral, antibacterial, antifungal,
and antiparasitic properties of propolis: A
review. Foods 10(6): 1360.



