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Several natural preservative techniques including plant extracts are used to minimize postharvest losses caused by pathogens. Our
recent findings elucidated that the application of crude extracts of ginger, turmeric, and “dukung anak” (Phyllanthus niruri Linn.)
alone causes phytotoxicity and adversely affects the postharvest quality of dragon fruit, especially at high concentrations. This
study investigated the effect of a composite coating of 10% gum arabic (GA) and crude extracts of ginger, turmeric, and
“dukung anak” separately at 5, 10, and 15 g L-1 on postharvest quality of dragon fruit stored at 11 ± 2°C, 80% RH for 28 days.
After 28 days of cold storage, anthracnose was significantly reduced in fruit coated with 10% GA plus 10 or 15 g L-1 of any of
the crude extracts and resolved the problem of phytotoxicity while maintaining the postharvest quality of fruit for 28 days. The
reduction of anthracnose was pronounced at 10% GA+10 g L-1 of turmeric extract (38.6%) which was not significantly different
at 10% GA+10 g L-1 of ginger extract compared to control (41.3%). Composite coating of 10% GA+10 g L-1 of turmeric extract
maintained the postharvest quality of dragon fruit as was evident with a reduction in weight loss (2.53%), delayed degradation
of titratable acids (0.15%), and maintained fruit firmness (28.72N) and the overall acceptability of the fruit after 28 days. We
conclude that incorporation of 10% GA with turmeric extract at a high concentration can serve as a potential biofungicide in
postharvest management of fresh produced by reducing phytotoxicity while improving the overall acceptability of fruit.

1. Introduction

Selenicereus costaricensis (F.A.C. Weber) S. Arias and N.
Korotkova (pitaya or red-fleshed pitaya, also known as Hylo-
cereus costaricensis, and possibly known as Hylocereus poly-
rhizus (F.A.C. Weber) Britton and Rose) [1] is native to
Colombia, Costa Rica, Nicaragua, Panamá, Peru, and Mex-
ico and widely cultivated in tropical Southeast Asia regions
such as Taiwan, Vietnam, Malaysia, and Central and South
America [2]. The red-fleshed dragon fruit has unique

bright-red or purple skin and prominent scales. The fruit is
oval, elliptical, or pear-shaped, and the flesh has a sweet taste
with edible interspersed tiny seeds [3]. It is rich in vitamins,
beta-carotene, sugars, calcium, magnesium, and carbohy-
drates and is a good source of dietary fiber [4, 5]. The pres-
ence of betacyanin, a compound from a set of water-soluble
nitrogen-containing pigments known as betalains, is respon-
sible for the reddish color of the fruit, peel, and flesh [6], and
betalains play a vital role as the major antioxidant contribu-
tor [6, 7]. Dragon fruit helps to protect cells from damage,
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cancer, and premature aging due to the presence of antioxi-
dants, improves the balance of good and bad bacteria in the
intestines, hence promoting the efficient digestion of food due
to the presence of probiotics, and also helps to control blood
sugar; therefore, it is recommended for diabetic patients [5].

However, its high perishability contributes to its short
shelf life if proper postharvest management practices during
transportation, storage, and marketing are not carried out.
Generally, postharvest techniques employed in postharvest
management of fruits such as dragon fruit require proper
cold storage (low temperatures), which tends to minimize
respiration rate and ripening and reduce early deterioration
of fruit quality [8, 9]. However, one major biotic factor that
affects dragon fruit quality during postharvest storage is
anthracnose, a cosmopolitan disease caused by Colletotri-
chum gloeosporioides (Penz.) Penz. and Sacc. The disease is
most common in tropical and subtropical fruits and can
result in a 50% loss of the marketable yield [10].

Traditionally, some farmers in a bid to control postharvest
diseases in fruits such as dragon fruit abuse the application of
preharvest fungicides such as mancozeb by not following
strictly the preharvest intervals. This results in an accumula-
tion of chemical residues on fruits after harvest that could be
detrimental to humans. Toxicological effects of the abuse
and misuse of synthetic fungicides such as dithane M-45 (a
mancozeb contact fungicide), dithiocarbamate, azoxystrobin,
difenoconazole, cypermethrin, chlorpyrifos, difenoconazole,
or/and λ-cyhalothrin, ethylene-bis-dithiocarbamate (EBDC),
and propineb in tomato, dragon fruit, lettuce, rice, apple,
and lettuce have been reported [11–16]. In most cases, pro-
ducers (farmers), especially in developing countries, ignore
the preharvest interval of these synthetic chemicals resulting
in a significantly high residual effect on fresh produce during
production. Even though mancozeb is practically not acutely
toxic via the oral and dermal route of exposure, it is a mild skin
irritant. However, chronic exposure leads to impaired thyroid
function, birth defects, and cancer [13].

Residues of fungicides on fresh fruit are also potentially
harmful to the environment and human health. Therefore,
new and safermethods such as plant extracts and other natural
products [8, 17–21] should be investigated and further devel-
oped into biofungicides in postharvestmanagement of diseases
in dragon fruit to reduce the use of synthetic fungicides.

Crude extracts of turmeric rhizome (Curcuma longa
Linn.), Phyllanthus niruri Linn. (locally known in Malaysia
as “Dokung or dukung anak”), and ginger (Zingiber offici-
nale Roscoe) are rich in bioactive compounds with vast anti-
fungal activity against phytopathogens including C.
gloeosporioides and other clinical pathogens [22–27]. Vola-
tile oils, containing turmerone, and other coloring agents
called curcuminoids are major components of turmeric
[28]. These curcuminoids (curcumin, desmethoxycurcumin,
and bisdemethoxycurcumin) are compounds responsible for
the yellow color and also rich in antioxidants where curcu-
min forms the major bioactive component of turmeric [29,
30]. The antimicrobial effect of Phyllanthus spp. against sev-
eral phytopathogens such as Colletotrichum spp. is due to
the presence of two major alkaloids allosecurinine and
securinine [26, 31, 32]. Gingerols and shogaol are known

bioactive compounds responsible for many antifungal activ-
ities of ginger against several clinical and phytopathogens
[27, 33]. These plants are generally regarded as safe (GRAS),
nontoxic to humans, biodegradable, cheap, and do not leave
residual effects on fruits, making them a good postharvest
agent in managing diseases of dragon fruit.

Several edible coating films from polysaccharides have
been reported for fruit postharvest preservation. For instance,
edible coating formulations based on hydroxypropyl methyl-
cellulose [34], wax coating [35], sodium alginate [36], Persian
gum [37], carnauba wax [38], pea starch and guar gum [39],
aloe vera gel [40], methylcellulose, carboxymethyl cellulose
(CMC), and chitosan [41] maintained fruit quality and
extended postharvest storage-life of fruits. Among the poten-
tial edible coatings, gum arabic (GA), a natural water-soluble
polysaccharide, could be used as an edible coating for the post-
harvest preservation of horticultural fruits. GA is derived from
the gum exudates of Acacia senegal tree and used as a natural
film preservative due to its water solubility, film forming, anti-
oxidant activity, and emulsification properties and is generally
regarded as safe (GRAS) [21, 42]. Studies have proven that GA
coating either alone or incorporated with other preservative
agents reduced postharvest decay and maintained the overall
postharvest quality of harvested fruits such as banana, papaya,
mango, tomato, ponkan fruits, and guava fruits [18, 21,
43–45]. The combination of GA incorporated with cinnamon
essentially reduced anthracnose in banana and papaya after 28
days followed by 5 days of shelf life at room temperature [46].
Other studies reported a 70%-80% reduction of anthracnose in
banana fruits after treatment with 10% GA+0.75% or 1% chi-
tosan after 28 days of storage at 13°C [19, 20]. Additionally, the
incorporation of 10% GA with 3% calcium chloride or only
calcium chloride significantly controlled anthracnose in
mango and dragon fruit [47, 48]. GA has no antifungal effect
but plays a significant physicochemical role in maintaining
fruit quality postharvest [19, 20]. Additionally, GA is known
to reduce phytotoxicity in some natural products while main-
taining the postharvest quality of fruits [46].

A recent study shows that the use of plant extracts at
high concentrations is detrimental to the postharvest quality
of dragon fruit. Concentrations of 5 g L-1 and above (10 or
15 gL-1) of ginger crude extract, 10 or 15 gL-1 of turmeric
extract, and 15 gL-1 of dukung anak cause phytotoxicity,
thereby compounding disease incidence in dragon fruit after
28 days of cold storage [22]. Therefore, this study investi-
gated for the first time the efficacy of ginger, turmeric, and
dukung anak extracts incorporated with gum arabic on post-
harvest management of dragon fruits aiming at minimizing
phytotoxicity, reducing anthracnose caused by Colletotri-
chum gloeosporioides as well as improving the physicochem-
ical qualities of dragon fruit during cold storage.

2. Material and Methods

2.1. Dragon Fruits. In this experiment, disease-free, medium,
and uniform Hylocereus costaricensis var. HU1 (Pink
Dragon Sunlike) (among the two registered varieties under
the Malaysia national listing) at matured stage (purplish
pink color) of weight 420-480 g (grade A) were purchased

2 International Journal of Food Science



from a commercial farm called Golden River farm located at
Sg. Sompo in Lenggeng, Malaysia, during the harvest season
(September). The fruits were washed with clean water to get
rid of debris and soil and then disinfected with 1% sodium
hypochlorite. Fruits were washed with distilled water after
disinfection and air-dried at room temperature.

2.2. Treatment Materials. Plant crude extracts turmeric (Cur-
cuma longa Linn.), ginger (Zingiber officinale Roscoe cv. “Ben-
tong”), and Dukung Anak” powder (Phyllanthus niruri) at
different concentrations incorporated separately with gumara-
bic (GA) served as treatments. GA powder (500g) CP grade
was purchased from Sigma-Aldrich. Disease-free turmeric rhi-
zomes (Curcuma longa Linn.) and ginger (Zingiber officinale
Roscoe cv. “Bentong”) were purchased from commercial farms
Bentong (along the Titiwangsa mountain) and a commercial
supplier (at Farm Price SDN.BHD in Johor), respectively.
“Dukung Anak” powder (Phyllanthus niruri) was purchased
from Ethnoherb Resources, Malaysia. Ginger and turmeric
rhizomes were disinfected with 1% sodium hypochlorite,
followed by washing with distilled water before oven-drying
or drying at room temperature and crude extraction.

2.3. Crude Extraction of Plants. Crude extraction was carried
out according to Bordoh et al. [22]. The disinfected and
washed tissues of turmeric and ginger were sliced into pieces,
sun-dried for a week, and oven-dried at 50°C in a hot air oven
for 6h to achieve a moisture content of 11:54 ± 12%. Each
dried rhizome was pulverized to a coarse powder (0.5mm)
using an ultracentrifugal mill ZM 200 before extraction.
Powdered samples of 200-250 g were soaked in a 1.0 L con-
ical flask containing 0.8 L of methanol for 24h. Extractions
(5-6x) were done, and the total extract solution was pooled
and stored at room temperature in a 1.0 L conical flask.
Extract solutions obtained were filtered through a muslin
cloth to remove impurities before rotatory evaporation.
The collected solution was concentrated and dried under
reduced pressure on a rotary evaporator in 40°C water bath
to obtain the crude extracts.

2.4. Formulation of Composite Coating of Gum Arabic and
Plant Extracts

2.4.1. Preparation of Stock Gum Arabic. GA (GA powder,
0.5 kg, CP grade, Sigma-Aldrich) solution was prepared
according to Maqbool et al. [19]. About 0.15 kg of gum ara-
bic powder was dissolved in 1.5 L of ULTRA pure water
(PURELAB ELBA system Option-R&BP; Veolia Water Sys-
tems, High Wycombe, UK) to obtain 10% GA. The GA solu-
tion was stirred constantly at low heat (40°C) using a hot
plate magnetic stirrer (Model LHS-HTS-1003; Bunkyo-Ku,
Tokyo, Japan) for 60min until a brownish color is obtained.
The solution was then filtered through four layers of cheese-
cloth to remove any undissolved impurities.

2.4.2. Incorporation of Gum Arabic with Plant Extracts. A
stock solution of the formulation was prepared according
to Jaapar et al. [49], with slight modifications. A known
weight of each crude extract was redissolved with a
0.05mol fraction of methanol, and the final aqueous stock

solution for each plant extract was made to 10% GA
+22.17 g L-1 by addition of 10% GA solution (v/v). A work-
ing concentration (treatment) compromised of 10% GA
+5 gL-1, 10% GA+10 gL-1, and 10% GA+15 g L-1 per plant
extract was prepared by diluting the stock with already pre-
pared 10% GA solution. The pH of each working solution
was adjusted to 5.6 by adding 1.0M NaOH using a digital
pH meter (Model CyberScan pH510; Eutech Instruments
Pte. Ltd. Singapore) while ensuring there is no change in
the concentration of the treatments. Uniformity of the layer
of composite coating is attained when the aqueous brownish
color of GA changes to slight green, deep yellow, and pale
yellow after the addition of Phyllanthus niruri, turmeric,
and ginger extract, respectively.

2.5. Effect of Composite Coating on Disease Incidence
and Severity

2.5.1. Application of Formulation on Fruits. Matured dragon
fruit (purplish-pink color) of uniform size and with no
deformity were washed with sodium hypochlorite (1%),
rinsed with purified water, and air-dried at room temper-
ature (25 ± 2°C). The fruit was then inoculated, dipped for
2min in a spore suspension of C. gloeosporioides (105

spores/mL), and air-dried completely at ambient
(25 ± 2°C). Inoculated air-dried fruit were dipped for
2min in each treatment and dried at room temperature.
Inoculated fruit alone and those treated with a fungicide
(mancozeb-2 g L-1) for 1min served as the negative and
positive control, respectively. Previous findings from our
in vitro studies showed that at 0.05mol fraction of metha-
nol (cosolvent), there was no antifungal activity against C.
gloeosporioides since all methanol had evaporated at room
temperature [22]; therefore, methanol-treated fruit was not
added as a control. The fruit was air-dried at room tem-
perature before packing in commercial packaging cartons
and stored at 11 ± 2°C, 80% RH for 28 days in a complete
randomized design.

2.5.2. Disease Incidence and Disease Severity. The effect of
formulation on disease incidence and disease severity was
evaluated weekly for 28 days during cold storage. Disease
incidence data were presented as the percentage of fruit
showing anthracnose out of the total number of fruits in
each treatment, while disease severity was scored following
the scale (1: 0% of fruit surface rotten; 2: 1–25%; 3: 26–
50%; 4: 51–75%; and 5: 76–100% rotten) [50]. A total of
330 fruits were used. For each formulation, a total of 90
fruits were used. The experiment was done in triplicate.

2.5.3. Evaluation of External Quality of Fruit after
Formulation Application. An observational study was con-
ducted with 20 participants to assess the external appearance
of fruit after coating [22]. The evaluation focused mainly on
consumer appeal about fruit peel appearance and smell, thus
which formulation (treatments) either improved or compro-
mised the original color and smell of dragon fruit. The eval-
uation was carried out after 21 days of cold storage when the
fruit was still edible.
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2.6. Efficacy of Formulation on Postharvest Quality

2.6.1. Physicochemical Quality of Dragon Fruit. For physical
quality analysis (weight loss, color, and fruit firmness), a
total of 15 fruits were used for each treatment. The experi-
ment was done in triplicate. For the chemical quality analy-
sis, i.e., total soluble solids (TSS) and titratable acidity (TA),
a total of 5 fruits were randomly sampled. The physiochem-
ical quality analysis was conducted every week for a period
of 21 or 28 days depending on the parameter.

(1) Weight Loss. Weight was measured using a digital bal-
ance (Model GF-6100, A&D Co. Ltd., Japan) weekly for 28
days and expressed as a percentage on a fresh weight basis.

(2) Peel Color Change. Peel color was analyzed using the
Hunter Lab System, Miniscan XE Plus colorimeter (model:
45/0-5, Reston Virginia, USA). The colorimeter was
equipped with a measuring head that had an 8.0mm diam-
eter measuring area and was calibrated with standard black
and white tiles. The Miniscan XE Plus colorimeter was cali-
brated using black and white tiles with values of X = 79:0,
Y = 83:9, and Z = 87:9. The peel color determination was
expressed in chromaticity values of h°. The h° ðhue angleÞ
= angle of tangent − 1 b ∗ /a ∗, where 0 = red-purple, 90 =
yellow, 180° = blue-green, and 270° = blue [46].

(3) Fruit Firmness. Instron Universal Testing Machine with a
5.0mm plunger tip, single-column model (Instron 2519-104,
Norwood, MA) interfaced with a computer was used to
determine the fruit firmness, by measuring the amount of
force (N) to puncture a hole in the fruit on each sampling
day. The machine was set for maximum compression with
a speed of 20.0mm/min [46].

(4) Total Soluble Solids. TSS was determined according to
Dávila-Aviña et al. [51] with slight modification with a total
of 5 fruit. Fruit pulp (10.0 g) was frozen for 24hr and homog-
enized using a kitchen blender with 40mL of purified distilled
water. The solution was centrifuged at 5000 x g for 10min
using Eppendorf centrifuge 5810 R (Eppendorf AG, Ham-
burg). The obtained filtrate (fruit juice) was used for TSS
and TA analysis. TSS (%) was determined using a Palette Dig-
ital Refractometer (model: PR-32α Atago Co., Ltd. Japan). An
aliquot of 20.0μL of filtrate (fruit juice) was placed on the
prism glass of the refractometer, which has already been cali-
brated with distilled water.

(5) Titratable Acidity. The titratable acidity (TA) of fruit was
performed and calculated using the titration method of Ran-
ganna [52]. An aliquot of 5.0mL of fruit juice obtained for
the analysis of TSS was placed in a beaker, and two drops of
0.1% phenolphthalein (R & M Chemicals, UK) were added
as an indicator and titrated against 0.1N NaOH (Merck, Ger-
many) until an endpoint color of pink (pH8.1). The result was
expressed as the percentage of citric acid.

2.6.2. Effect of Formulation on Respiration Rate and
Ethylene Production

(1) Respiration Rate. Respiration rate as indicated by CO2
production was measured according to Maqbool et al. [46]
with slight modification. Three medium-sized dragon fruits
of approximate weight 0.54 kg were placed in a 2.0 L plastic
container for 2 h, and 1.0mL of gas sample was withdrawn
from the headspace with a gastight hypodermic syringe
and analyzed with a gas chromatograph (GC) (Clarus-500,
Perkin-Elmer, USA) equipped with a stainless-steel column
(Porapak R 80/100). Helium served as the carrier gas at a
flow rate of 20.0mL/min. Temperatures were 60, 100, and
200°C for the oven, injector, and thermal conductivity detec-
tor (TCD), respectively. One milliliter of CO2 gas (1.0%)
(Scotty Gases, Bellefonte, PA, UK) was used as the external
standard for calibration. The experiment was done in tripli-
cate per treatment, and the time point for measurement was
weekly until the end of the storage period. The amount of
CO2 produced was expressed in mL CO2 kg

-1·h-1.

(2) Ethylene Production. Ethylene evolution was measured
by taking a 1.0mL gas sample produced from the same
number of fruits from each jar as described for respiration
rate using a hypodermic syringe and injecting it into a GC.
The GC was equipped with a stainless-steel column (Pora-
pak T, 100/120) and a flame ionization detector (FID).
Nitrogen, hydrogen, and air flow rates were 20.0mL/min.
Nitrogen served as a carrier gas. Temperatures were 150,
200, and 200°C for the oven, injector, and FID, respectively.
One milliliter of 10.0μL·mL-1 pure ethylene gas (Scotty
Gases, Bellefonte, PA, UK) was used as an external gas stan-
dard for calibration. The amount of ethylene was expressed
in μL C2H4 kg

-1·h-1.

2.7. Effect of Formulation on Sensory Evaluation. Sensory
evaluation of pulp (fruit flesh), pulp color, texture, aroma,
and overall acceptability for all treatments was performed
at the end of 21 days of storage using the method of Bai
et al. [53] with slight modification. The best composite
coatings that significantly controlled disease incidence and
severity and maintained the physicochemical quality of
dragon fruit were used. The control consists of fruit washed
with only distilled water. A total of forty-two (42) fruits
were used for sensory evaluation. For each treatment, six
fruits were randomly selected for this analysis. Panelists
were asked to score the difference among all the samples
by allotting numbers on appearance, pulp color, aroma,
sweetness, texture, and overall acceptability. Each panelist
was asked to rate each parameter based on the rating as fol-
lows: 1: extreme dislike; 2: dislike; 3: acceptable; 4: good;
and 5: excellent.

3. Data Analysis

Two-way ANOVA was performed for the efficacy of extracts
on DI and DS and postharvest quality of fruits except for
sensory evaluation where one-way ANOVA was performed.
All analysis was performed using the computer software
Genstat version 18th edition (VSNI product). Means were
separated using Fisher’s unprotected test at (P < 0:05). Dis-
ease incidence data were transformed (arcsine of the square
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root of the proportion of affected fruit) before analysis.
Experiments were repeated twice, and data were pooled.

4. Results

4.1. Efficacy of Formulation on Disease Incidence and
External Quality Appearance

4.1.1. Disease Incidence. DI increased progressively with
storage time in both control and treated fruit (Figure 1).
DI started after day 14 and increased until day 28 by which
time all treated and control fruit recorded 100% DI
(Figure 1). It is imperative to state that the efficacy of the for-
mulation to reduce DI in dragon fruit was best on day 21,
since on day 28, all fruit showed severe symptoms of
anthracnose and other secondary infections.

On day 21, fruit treated with 10% GA plus 10 or 15 g L-1

irrespective of the plant extracts markedly recorded low DI
even though it was not different from the control compared
to the fungicide mancozeb which recorded the lowest
(P < 0:05) DI. At the end of 28 days of storage, fruit treated
with 10% GA+10 g L-1 of turmeric recorded (P < 0:05) a low
DI comparable to mancozeb (Figure 2) which was not differ-
ent from fruit treated with 10% GA plus either 10 g L-1 or
15 g L-1 of ginger extract compared to control (Figure 3).
Fruit treated with 10% GA plus dukung anak extract did
not show any significance in reducing anthracnose irrespec-
tive of the concentration used compared to the control
(Figure 1).

4.1.2. Disease Severity. Like DI, disease severity progressed
significantly (P < 0:05) with storage time, and it was low in
treated fruit compared to the control (Figure 4). A DS
score-1 (an indication of no DS) was observed from day 7
until after day 14, which marked the onset of the disease.
On day 21, fruit treated with 10% GA+10 g L-1 of the ginger
extract significantly recorded a low DS (DS score-2.45) com-
pared to the control (DS score-3.5).

At the end of the 28 days of storage, DS was significantly
(P < 0:05) low in fruit treated with 10% GA+10 gL-1 of gin-
ger extract (DS score-3.23) comparable to mancozeb, and it
was not different in 10% GA+10 g L-1 of turmeric extract
fruit (DS score-3.26) compared to control (DS score-4.5)
(Figure 4). Fruit treated with 10% GA+5gL-1 or 15 g L-1 of
either dukung anak or turmeric did not significantly reduce
DS.

4.2. External Appearance of Fruit after Formulation
Application. The incorporation of 10% GA with plant
extracts markedly enhanced the external appearance of the
fruit, even at high concentrations. All treated fruit, irrespec-
tive of the plant extract, had an enhanced external glossy
appearance after incorporation with 10% GA (Figure 5;
lower row, 10% GA+15 g L-1 and 10% GA+10 g L-1). Addi-
tionally, the dragon fruit’s original color was maintained
when 10% GA was incorporated with crude extract, espe-
cially in turmeric or ginger-treated fruit (Figure 5; lower
row, 10% GA+15 gL-1 and 10% GA+10 g L-1) compared to
when fruits were coated with only extract (Figure 5; upper
row 15 gL-1 and 10 gL-1).

Incorporation of 10% GA with plant extracts to some
extent reduced the intensity of crude extract smell, especially
in ginger and turmeric-coated fruit at 10 g L-1 or 15 g L-1,
allowing the dragon fruit to maintain its original smell and
color.

4.3. Efficacy of Extract on Physicochemical Quality of Fruit

4.3.1. Weight Loss. Weight loss increased progressively
(P < 0:05) with storage time in both treated and control fruit,
and it was high in control after 28 days (Figure 6). On day 21
(recommended edible stage for this study), weight loss was
significantly (P < 0:05) low in fruit coated with 10% GA
+10 g L-1 of turmeric (3.24%) compared to control (5.19%).

At the end of the 28 days of storage, fruits treated with
10% GA+10 gL-1 of turmeric crude extract recorded low
weight loss followed closely by dukung anak-coated fruits
at 10% GA+10 gL-1 compared to control fruits.

4.3.2. Firmness. Like weight loss, firmness decreased
(P < 0:05) with storage time in both treated and control fruit
after storage (Figure 7). Despite a decline in fruit firmness,
firmness was relatively high in treated fruit compared to
control fruit.

It was evident that the composite coating of 10% GA
+10 g L-1 of any crude extract (either turmeric or ginger or
dukung anak) significantly (P < 0:05) helped to maintain
fruit firmness. However, the fruit was firmer especially at
10% GA+10 gL-1 of ginger extract, which was not signifi-
cantly different from turmeric-coated fruit at the same con-
centrations (10% GA+10 g L-1) compared to the control after
28 days of storage.

4.3.3. Fruit Peel Color Development. Color development was
measured on day 21 and not on day 28, due to severe disease
incidence on day 28 which rendered peel tissue unmeasur-
able with the colorimeter.

Low h° indicates fruit senescence and ripening, and this
was evident as dragon fruit peel had a dark color due to
the development of reddish color in the peel as the pigmen-
tation process occurred during the postharvest storage [54].
Color development was delayed (P < 0:05) in fruit treated
with 10% GA plus turmeric crude extract at any concentra-
tion, but this was pronounced at 10% GA+10 g L-1 of tur-
meric extract compared to the control (Figure 8).

4.3.4. Total Soluble Solids and Titratable Acidity. TSS and
TA were determined on day 21 since most of the fruit was
not edible on day 28 due to severe DI. TSS increased steadily
(P < 0:05) but was maintained in treated fruit. On day 21,
TSS was significantly (P < 0:05) low at 10% GA+10 gL-1 of
ginger-coated fruit (2.04%), which was not different in the
composite coating of dukung anak-coated fruit at 10% GA
+10 g L-1 (2.12%) or turmeric-coated fruit at 10% GA
+10 g L-1 (2.11%) compared to control (2.60%) (Figure 9).

TA decreased steadily (P < 0:05) with storage time in
both treated and control fruit. Unlike TSS, TA was relatively
high in treated fruit compared to control (Figure 10). At the
end of 21 days of cold storage, TA was high in fruit treated
with 10% GA+10 g L-1 of turmeric extract, which was not
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Figure 1: Effect of 10% GA incorporated with plant extracts at different concentrations on disease incidence during cold storage for 28 days.
10% GA+5 gin, 10% GA+10 gin, and 10% GA+15 gin mean 10% gum arabic incorporated with 5, 10, and 15 g L-1 of ginger extracts. tur:
turmeric crude extract; pn: dukung anak crude extract. The explanation for ginger is similar to dukung anak and turmeric extract.
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Figure 2: Effect of 10% GA incorporated with turmeric extract at different concentrations (g L-1) on disease incidence and severity of dragon
fruit after 28 days of storage. (a) Control, (b) fungicide (mancozeb-2 g L-1), (c) 10% GA+5 g L-1, (d) 10% GA+10 g L-1, and (e) 10% GA
+15 g L-1.
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different in fruit treated with 10% GA+15 g L-1 of ginger or
10% GA+10 gL-1 of dukung anak-coated fruit compared to
control (Figure 10).

4.4. Efficacy of Formulation on Respiration Rate and Ethylene
Production. A continuous decline in the respiration rate
occurred in all treated fruit compared to the control. A

(a) (b) (c)

(d) (e)

Figure 3: Effect of 10% GA incorporated with ginger extract at different concentrations on disease incidence and severity of dragon fruits
after 28 days of cold storage. (a) Control, (b) fungicide (mancozeb-2 g L-1), (c) 10% GA+5 g L-1, (d) 10% GA+10 g L-1, and (e) 10% GA
+15 g L-1.
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Figure 4: Effect of 10% GA incorporated with plant extracts at different concentrations on disease severity during cold storage for 28 days.
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sudden decrease in respiration rate was observed on the 7th

day and was maintained until day 14 but increased afterward
until day 21 (Figure 11). On day 21, respiration rate was signif-
icantly low (P < 0:05) when fruit was treated with 10% GA
+15gL-1 of ginger crude extract (20.69mL CO2 kg-1·h-1),
followed closely by fruit coated with 10% GA+5g·L-1 of tur-
meric extract (27.35mL CO2 kg

-1·h-1) which was not different
from fruit coated with 10% GA+10g·L-1 ginger extract com-
pared to control (35.88mL CO2 kg

-1·h-1).
At the end of 21 days of storage, the respiration rate was

significantly low (P < 0:05) in fruit coated with 10% GA+10
or 15 gL-1 of ginger extract compared to control. Ethylene
production decreased with storage time with a transient

increase from day 7 until the end of 21 days of storage
(Figure 12), contrary to respiration rate which increased
drastically after day 14 until the end of 21 d storage.

Ethylene production was significantly low in fruit treated
with 10% GA+10 g·L-1 of dukung anak crude extract
(0.28μL C2H4 kg

-1·h-1), followed closely by fruit treated with
10% GA+10 g·L-1 ginger extract 0.35μL C2H4 kg

-1·h-1 com-
pared to control (0.48μL C2H4 kg-1·h-1) at day 21
(Figure 12). After 21 days of cold storage, ethylene produc-
tion was significantly low (P < 0:05) in fruit treated with
10% GA+10 g·L-1 of dukung anak, which was not different
in fruit treated with 10% GA+10 g·L-1 of ginger crude extract
compared to the control.

(a) (b)

(c) (d)

(e)

Figure 5: The external quality appearance of turmeric-coated fruit alone (upper row) and after incorporation with 10% GA (lower row)
after 21 days of storage. Upper row (a–c): (a) control, (b) fruit coated with only 15 g L-1 of turmeric, (c) fruit coated with only 10 g L-1 of
turmeric. Lower row (d, e): (d) fruit coated with 10% GA+15 g L-1 of turmeric, (e) 10% GA+ 10 g L-1 of turmeric.
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4.5. Sensory Evaluation. Sensory evaluation of treated and
control fruit at the end of 21 days of storage revealed signif-
icant (P < 0:05) differences in appearance, pulp color,
aroma, sweetness, texture, and overall acceptability.

There was a varied opinion by panelists on all parame-
ters during sensory evaluation. However, fruit coated with
10% GA+10 gL-1 of turmeric attained the highest score in
pulp color, aroma, sweetness, texture, and overall acceptabil-

ity during the sensory evaluation (Table 1). This shows that
fruit coated with 10% GA+10 gL-1 of turmeric was widely
accepted and good to the panelist compared to the control.

5. Discussion

5.1. Efficacy of Formulation on Disease Incidence and
Severity. While GA has extensively been used as a
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Figure 6: Effect of 10% GA incorporated with plant extracts at different concentrations on weight loss (%) during cold storage for 28 days.
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Figure 7: Effect of 10% GA incorporated with plant extracts at different concentrations on firmness (N) during cold storage for 28 days.
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hydrocolloid in the food industry [55, 56], no study on its
antifungal or fungitoxicity has been reported [19]. In this
present study, there was a synergistic effect of composite
coatings of 10% GA+10 g L-1 of ginger or turmeric extract
that delayed anthracnose and its severity. The 10% GA
served as a carrier for the 10 gL-1 crude extract, allowing

the slow release of bioactive compounds in the crude
extract to control anthracnose during postharvest storage.
Bioactive compounds such as gingerols and curcumin
[23, 57–60] in 10 g L-1 of ginger and turmeric, respectively,
helped to control anthracnose and its severity. Our study
confirms the findings from Maqbool et al. [19]; Maqbool
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Figure 8: Effect of 10% GA incorporated with plant extracts at different concentrations on color development during cold storage for 21
days.
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Figure 9: Effect of 10% GA incorporated with plant extracts at different concentrations on TSS during cold storage for 21 days.
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et al. [20]; Maqbool et al. [46], and Khaliq et al. [48],
where natural products such as chitosan, essential oils
incorporated with GA synergistically helped to control
anthracnose in banana, papaya, and tomatoes while
extending their shelf life. On the contrary, this study con-
tradicts research by Bordoh et al. [22] who stated that a

high concentration of 10 or 15 gL-1 ginger or turmeric
extract resulted in phytotoxicity thereby compounding dis-
ease incidence and severity. In this study, the incorpora-
tion of 10% GA with a high concentration (10 or 15 g L-
1) of ginger or turmeric extract significantly reduced dis-
ease incidence and severity without any phytotoxicity. This
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Figure 10: Effect of 10% GA incorporated with plant extracts at different concentrations on TA during cold storage for 21 days.
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Figure 11: Effect of 10% GA incorporated with plant extracts at different concentrations on respiration rate during cold storage for 21 days.
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is because 10% GA to some extent reduced the phytotox-
icity by forming a semipermeable membrane or a coating,
thereby preventing the direct contact of extract to the fruit
peel, hence reducing tissue damage.

5.2. Efficacy of Formulation on Physicochemical Quality

5.2.1. Weight Loss. The thickness of the fruit skin determines
its susceptibility to rapid water loss resulting in shriveling
and deterioration [61]. Hence, using edible coating can
maintain the quality of fruit by maintaining the turgidity
through water retention in the fruit [62]. The advent of DI
generates peel tissue damage which increases respiration,
resulting in excessive weight loss. In the present study, the

reduction in weight loss, especially in fruit coated with
10% GA+10 g L-1 of turmeric was due to the synergistic
effect of the composite coating where the 10% GA served
as a semipermeable barrier against oxygen, carbon dioxide,
and moisture, thus reducing respiration, water loss, and oxi-
dation reactions [63, 64], while 10 g L-1 was fungistatic
against the fungus, hence reducing disease incidence. Com-
posite coating of GA combined with other natural products
(cinnamon oil and propolis) or synthetic chemicals (calcium
chloride) or silver nanoparticles delayed senescence by
decreasing weight loss in banana, mango, green bell pepper,
and papaya [19, 20, 46, 48, 65].

On the contrary, composite coating of 10% GA plus
either 5 g L-1 or 15 g L-1 crude extract (especially ginger)
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Figure 12: Effect of 10% GA incorporated with plant extracts at different concentrations on ethylene production during cold storage for 21
days.

Table 1: Sensory evaluation of dragon fruits treated with plant extracts at different concentrations incorporated with 10% GA.

Treatment
Sensory quality parameters

Appearance Pulp color Aroma Sweetness Texture Overall acceptability

Control 2.17a 2.33c 3.67a 1.67d 3.17ab 2.00c

10% GA+ 5 dun 3.33a 3.0b 3.17b 3.16bc 2.67bc 3.17a

10% GA+10 dun 3.33a 3.5ab 3.33b 3.00bc 3.17ab 3.17a

10% GA+5 tur 3.50a 3.67a 3.33a 3.50a 3.33ab 3.50a

10% GA+ 10 tur 3.67a 3.67a 4.17a 4.67a 3.83a 3.83a

10% GA+ 5 gin 3.50a 3.67a 3.33b 3.67bc 2.83bc 3.33a

10% GA+ 10 gin 3.50a 3.50ab 2.83bc 2.50c 3.00abc 3.00a

Sem 0.252 0.2218 0.27 0.287 0.309 0.303

P value 0.001 0.001 0.001 0.001 0.021 0.007

Means with different letters in a column are significantly different at P < 0:05 using the Fisher unprotected test. Storage conditions; 21 days at 11 ± 2°C, 80%
RH (n = 42 fruits).
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recorded significantly high weight loss, which could be due
to the thickness of the composite coating. At 10% GA
+5gL-1 of ginger crude extract, the composite coating
was not thick enough to provide a significant barrier
against water loss [46]. The high weight loss in fruit
coated with 10% GA+15 gL-1 of the crude extract could
be due to excessive heat generation due to 10% GA and
the high amount of lipids (oils) in ginger at 15 g L-1 that
led to the increase in anaerobic respiration since the com-
posite coating was thick and completely blocked the lenti-
cels [46]. Similarly, Zahid et al. [9] reported that the high
weight loss of dragon fruit was due to the heat production
of fruit coated with a high concentration of ethanolic
propolis. Ghasemnezhad et al. [66] also reported high
weight loss when a high concentration of chitosan was
applied as an edible coating in apricot. Maqbool et al.
[46] also reported high weight loss in the composite coat-
ing of 20% GA plus 1.0% CH in bananas and concluded
that composite coating on banana fruit might be due to
the generation of heat and production of end products
from anaerobic fermentation.

5.2.2. Firmness. In this study, the synergistic effect of 10%
GA+10 g L-1 of turmeric extract enhanced fruit firmness.
We propose that the 10 gL-1 of turmeric extract inhibited
the fungal attack on the fruit peel, reducing tissue damage,
that led to enhancing fruit firmness, while 10% GA provided
a film-forming membrane responsible for delaying ripening,
which could be due to low levels of oxygen and relatively
high levels of carbon dioxide restricting the activities of cell
wall degrading enzymes thereby retaining fruit firmness dur-
ing storage. Our findings confirm similar research, where a
composite coating of chitosan and GA, ethanolic extract of
propolis and GA, and application of ethanol extract of prop-
olis resulted in a modified atmosphere effect, thereby reduc-
ing moisture loss and retention of fruit firmness in banana,
papaya, and dragon fruit [9, 46]. Fruit coated with 10%
GA+5 gL-1 irrespective of plant crude extract could not
maintain fruit firmness, and this was probably due to the
low antifungal interaction between the host-pathogen at
5 g L-1, thereby leading to disease infection due to tissue
damage by the fungus, which in turn increased weight loss
and decreased firmness, while at 10% GA+15 g L-1, the
decrease in firmness could be due to anaerobic respiration
leading to the generation of heat and production of end
products, since this composite coating was too thick. This
confirms a study by Maqbool et al. [46] where banana fruit
lost its firmness when the fruit was coated with 20% GA plus
1.0% CH.

5.2.3. Peel Color Change. Fruit coated with 10% GA+10 g L-1

of turmeric extract had low reddish to dark color saturation.
This could be attributed to a reduced respiration rate and
ethylene production due to the composite effect that modi-
fied the gas exchange of fruit. This phenomenon helped to
retard the ripening and senescence, ultimately retarding
color change due to changes in peel chlorophyll content dur-
ing fruit development. Nerd and Mizrahi [67] reported that
the change of peel color to pale green and then to reddish of

pitaya fruit was due to changes in peel chlorophyll content
during fruit development. Our study confirms the research
by Hedayati and Niakousari [65] where 10% GA combined
with silver nanoparticles as a composite coating significantly
delayed color changes in green bell pepper for 21 days. Sim-
ilarly, Ali et al. [17] also reported that composite coating of
ethanolic extract of propolis (1.5%) and 10% GA reduced
the occurrence of anthracnose and delayed color changes
in papaya.

5.2.4. Total Soluble Solids and Titratable Acidity. An increase
in respiration results in a corresponding increase in ripening
leading to a sharp rise in TSS due to the breakdown of car-
bohydrates into sugar [47, 68]. The reduction of TSS is asso-
ciated with the utilization of sugars as carbon skeleton
sources for the fungus [47]. Therefore, a suppressed respira-
tion rate will slow down the synthesis and use of metabolites,
resulting in lower soluble solids contents due to the slow
hydrolysis of carbohydrates to sugar [69, 70]. In this study,
TSS was low in ginger-coated fruit at 10% GA+10 gL-1

which was not significantly different in turmeric-coated fruit
at 10% GA+10 g L-1 or dukung anak-coated fruit at 10% GA
+10 g L-1 compared to control. The low TSS at 10% GA
+10 g L -1 of all extracts was due to the synergistic effect of
10% GA that modified the internal gas exchange of the fruit,
thereby reducing respiration and ethylene production [71]
contributing to slow hydrolysis of carbohydrates to sugars
[70]. The 10 gL-1 of the extract (ginger or turmeric) was
the optimum concentration that inhibited C gloeosporioides
utilization of sugars in the dragon fruit as their nutrient
source for growth [72, 73]. Kamilova et al. [74] reported a
significant reduction in sugars and acids in infected toma-
toes due to fungal infection. Wang and Galletta [75] con-
firmed this when anthracnose-infected fruit recorded low
soluble solid concentration and TA than healthy fruit.

Citric acid is the major organic acid in matured ripe
dragon fruit [76]. TA was high in turmeric-coated fruit at
10% GA+10 g L-1, and this was not different in fruit coated
with 10% GA+10 g L-1 of ginger. The decline in TA during
postharvest storage is because organic acids, which serve as
respiratory substrates, decline rapidly as the fruit transpires
and the respiratory rate increases [77], thereby converting
organic acids to sugars [78]. The 10% GA provided a semi-
permeable film around the fruit to reduce respiration (gas
exchange) that maintained relatively high levels of TA dur-
ing the breakdown of organic acids, hence delaying the utili-
zation of organic acids [79], whereas the optimum
concentration of 10 g L-1 of either turmeric or ginger extract
was fungistatic against C. gloeosporioides, by inhibiting the
fungal growth during infection [73] and possibly inhibiting
fruit cell wall degrading enzymes [80]. The presence of
10 g L-1 crude extract reduced fungal attack by delaying the
secretion of ammonia as a buffer from the fungus, thereby
reducing dragon fruit tissue alkalinization and increasing
TA (decreasing the pH of the fruit) [47].

5.3. Efficacy of Formulation on Gas Exchange. No respiration
peak and very little ethylene were detected during the early
storage time from day 7 to day 16, a phenomenon that
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describes the nonclimacteric nature of dragon fruit [81].
However, the sudden peak in respiration rate at the end of
the storage was due to tissue damage (wounding) caused
by a fungal attack [82–84]. This supports an earlier finding
by El Ghaouth et al. [82] and Jiang and Li [83], where an
increase in respiration rate in strawberries and longan fruit
due to disease infection was observed. In this study, a com-
posite coating of 10% GA plus 15 gL-1 of ginger and/or
10% GA+10 g L-1 of turmeric-coated fruit reduced respira-
tion and to some extent ethylene production. The decrease,
which was maintained from day 7 until day 14, could be
due to the synergistic effect of 10% GA that modified the
internal atmosphere of the fruits, thereby reducing respira-
tion rate and ethylene production while crude extracts at,
especially 10 g L-1 turmeric or 5 g L-1 ginger provided an anti-
fungal barrier against fungal attack.

5.4. Efficacy of Formulation on External Attributes and
Sensory Evaluation. Contrary to the research by Bordoh
et al. [22] who reported discoloration of fruit peel color
and unpleasant odor of fruit due to the application of high
concentration (10 or 15 g L-1) of turmeric and ginger
extracts, the incorporation of 10% GA with 10 or 15 g L-1

of turmeric or ginger extract markedly gave a glossy external
appearance of the fruit. In other words, the original dragon
fruit peel color was maintained while the peel odor from gin-
ger and turmeric was reduced when 10% GA was incorpo-
rated with crude extract at 10 or 15 g L-1. Fruit coated with
10% GA+10 gL-1 largely maintained most of the postharvest
quality parameters and reduced disease incidence and sever-
ity, hence contributing to maintaining the keeping quality,
prolonged shelf life, and overall acceptability.

6. Conclusion

The present study showed that a composite coating of 10%
GA+10 g L-1 (for all extracts) or 10% GA+15 g L-1 (ginger
extract) significantly reduced anthracnose and its severity
in dragon fruit. However, this was pronounced when the
fruit was coated with 10% GA+10 gL-1 of turmeric crude
extract. The study also demonstrated that incorporation of
10% GA with ginger extract at low (5 g L-1) or high concen-
trations (10 or 15 gL-1) significantly reduced phytotoxicity,
contrary to a study by Bordoh et al. [22] who reported phy-
totoxicity for the above treatments. Additionally, incorpora-
tion of plant extract especially at 10 g L-1 of turmeric extract
with 10% GA delayed fruit ripening and maintained the
keeping quality of fruit as this was evident in delayed color
changes, high firmness, high TA, reduced respiration rate,
and ethylene production. Additionally, fruit coated with
10% GA+10 gL-1 of turmeric attained the best overall score
in terms of good external appearance, pulp color, aroma,
sweetness, texture, and overall acceptability by the panel.
We conclude that the incorporation of plant crude extract,
especially 10 g L-1 of turmeric with 10% GA can serve as a
biofungicide in controlling postharvest disease of dragon
fruit, reduce possible phytotoxicity, and maintain the post-
harvest quality of dragon fruit. As an emerging hurdle tech-
nology, the incorporation of gum arabic with plant extracts

such as turmeric is a safe postharvest treatment (biofungi-
cide) in postharvest management of diseases while maintain-
ing the postharvest quality of fresh produce. This is because
gum arabic and turmeric are natural products, are generally
regarded as safe, and do not leave any dangerous residual
effect on fruits, compared to some commercial synthetic pre-
harvest fungicides like mancozeb. This research will contrib-
ute to key advances in food science, food safety and security,
and mechanistic aspects of promising emerging food inno-
vative technologies to enhance fruit quality, extend the shelf
life, and ultimately reduce postharvest losses of fruits.

Data Availability

Data is available on request. Kindly contact the correspond-
ing author.

Additional Points

Highlights. (i) Incorporation of gum arabic (GA) with
medicinal plant crude extract at high concentrations reduces
phytotoxicity. (ii) GA serves as a carrier for antimicrobial
compounds in plant extracts during incorporation. (iii)
Composite coating of GA and optimum concentration of
turmeric crude extract reduces postharvest anthracnose.
(iv) Composite coating of GA and optimum concentration
of turmeric crude extract prolongs the shelf life of dragon
fruit.

Conflicts of Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgments

The authors would like to thank Crops For the Future (CFF)
for providing financial support under the Food Plus project
(FoodP1-007) for making this study a success.

References

[1] N. Korotkova, D. Aquino, S. Arias et al., “Cactaceae at Caryo-
phyllales.org – a dynamic online species-level taxonomic back-
bone for the family,”Willdenowia, vol. 51, no. 2, pp. 251–270,
2021.

[2] C. Rémy, P. Girardon, and A. Voilley, “Gases in agro-food pro-
cesses,” in Application and Perspectives in Different World
Regions, pp. 591–661, Academic Press, 2019.

[3] R. Blancke, “Tropical fruits and other edible plants of the
world: an illustrated guide,” Comstock Publishing Associates,
New York, 2016, Call no.: RSEA 634.6 BLA.

[4] R. Charoensiri, R. Kongkachuicha, S. Suknicom, and
P. Sungpuag, “Beta-carotene, lycopene, and alpha-tocopherol
contents of selected Thai fruits,” Food Chemistry, vol. 113,
no. 1, pp. 202–207, 2009.

[5] S. Watson, “Medically reviewed by Hansa D. Bhargava, MD.
dragon fruit,” 2020, January 2022, https://www.webmd.com/
food-recipes/benefits-dragon-fruit.

14 International Journal of Food Science

https://www.webmd.com/food-recipes/benefits-dragon-fruit
https://www.webmd.com/food-recipes/benefits-dragon-fruit


[6] O. P. S. Rebecca, A. N. Boyce, and S. Chandran, “Pigment
identification and antioxidant properties of red dragon fruit
(Hylocereus polyrhizus),” African Journal of Biotechnology,
vol. 9, no. 10, pp. 1450–1454, 2010.

[7] F. Le Bellec, F. Vaillant, and E. Imbert, “Pitahaya (Hylocereus
spp.): a new fruit crop, a market with a future,” Fruits,
vol. 61, no. 4, pp. 237–250, 2006.

[8] P. K. Bordoh, A. Ali, M. Dickinson, Y. Siddiqui, and
G. Romanazzi, “A review on the management of postharvest
anthracnose in dragon fruits caused by Colletotrichum spp,”
Crop Protection, vol. 130, article 105067, 2020.

[9] N. Zahid, A. Ali, Y. Siddiqui, and M. Maqbool, “Efficacy of
ethanolic extract of propolis in maintaining postharvest qual-
ity of dragon fruit during storage,” Postharvest Biology and
Technology, vol. 79, pp. 69–72, 2013.

[10] A. Ali, N. Zahid, S. Manickam, Y. Siddique, P. G. Alderson,
and M. Maqbool, “Effectiveness of submicron chitosan disper-
sions in controlling anthracnose and maintaining quality of
dragon fruit,” Postharvest Biology and Technology, vol. 86,
pp. 147–153, 2013.

[11] A. Atuhaire, E. Kaye, I. Mutambuze, M. Graham, F. Theodor,
and J. Erik, “Assessment of dithiocarbamate residues on toma-
toes conventionally grown in Uganda and the effect of simple
washing to reduce exposure risk to consumers,” Environmen-
tal Health Insights, vol. 11, 2017.

[12] E. D. Caldas, J. Tressou, and P. E. Boon, “Dietary exposure of
Brazilian consumers to dithiocarbamate pesticides–a probabi-
listic approach,” Food and Chemical Toxicology, vol. 44, no. 9,
pp. 1562–1571, 2006.

[13] E. Kaye, A. Nyombi, I. L. Mutambuze, and R. Muwesa, “Man-
cozeb residue on tomatoes in Central Uganda,” Journal of
Health & Pollution, vol. 5, no. 8, pp. 1–6, 2015.

[14] S. Noegrohati, S. Sulasmi, E. Hernadi, and S. Asviastuti, “Dis-
sipation pattern of azoxystrobin and difenoconazole in red
dragon fruit (Hylocereus polyrhizus) cultivated in Indonesian
highland (West Java) and coastal area (D.I. Jogyakarta) and
its implication for dietary risk assessment,” Food Quality and
Safety, vol. 3, pp. 99–106, 2019.

[15] M. Skovgaard, S. R. Encinas, O. C. Jensen, J. H. Andersen,
G. Condarco, and E. Jørs, “Pesticide residues in commercial
lettuce, onion, and potato samples from Bolivia—a threat to
public health?,” Environmental Health Insights, vol. 11, 2017.

[16] S. C. Utture, K. Banerjee, S. Dasgupta et al., “Dissipation and
distribution behavior of azoxystrobin, carbendazim, and dife-
noconazole in pomegranate fruits,” Journal of Agricultural
and Food Chemistry, vol. 59, no. 14, pp. 7866–7873, 2011.

[17] A. Ali, C. Khan, and N. Zahid, “The composite effect of prop-
olis and gum arabic to control postharvest anthracnose and
maintain quality of papaya during storage,” International Jour-
nal of Agriculture and Biology, vol. 16, pp. 1117–1122, 2014.

[18] Q. Huang, C. Wan, Y. Zhang, C. Chen, and J. Chen, “Gum
arabic edible coating reduces postharvest decay and alleviates
nutritional quality deterioration of ponkan fruit during cold
storage,” Frontiers in Nutrition, vol. 8, article 717596, 2021.

[19] M. Maqbool, A. Ali, and P. G. Alderson, “A combination of
gum arabic and chitosan can control anthracnose caused by
Colletotrichum musae and enhance the shelf-life of banana
fruit,” Journal of Horticultural Science and Biotechnology,
vol. 85, no. 5, pp. 432–436, 2010.

[20] M. Maqbool, A. Ali, S. Ramachandran, D. R. Smith, and P. G.
Alderson, “Control of postharvest anthracnose of banana

using a new edible composite coating,” Crop Protection,
vol. 29, no. 10, pp. 1136–1141, 2010.

[21] H. Tahir, L. Zhihua, G. Mahunu et al., “Effect of gum arabic
edible coating incorporated with African baobab pulp extract
on postharvest quality of cold stored blueberries,” Food Science
and Biotechnology, vol. 29, no. 2, pp. 217–226, 2020.

[22] P. K. Bordoh, A. Ali, M. Dickinson, and Y. Siddiqui, “Antimi-
crobial effect of rhizome andmedicinal herb extract in control-
ling postharvest anthracnose of dragon fruit and their possible
phytotoxicity,” Scientia Horticulturae, vol. 265, article 109249,
2020.

[23] M. L. M. C. Dissanayake and J. A. N. Jayasinghe, “Antifungal
activity of selected medicinal plant extracts against plant path-
ogenic fungi; Rhizoctonia solani, Colletotrichum musae and
Fusarium oxysporum,” International Journal of Science Inven-
tions Today, vol. 2, pp. 421–431, 2013.

[24] D. Gawai, G. Das, and G. R. Rout, “Phytochemical screen-
ing and comparative analysis of the antimicrobial activity
of root and leaf extracts of Tinospora coridifolia, Phyl-
lanthus niruri and Abrus precatorious, important medicinal
plants,” Journal of Medicinal Plants Research, vol. 7,
pp. 2208–2213, 2013.

[25] M. Mathur, R. Sharma, J. Sharma, R. Pareek, and R. Kamal,
“Phytochemical screening and antimicrobial activity of Phyl-
lanthus niruri Linn,” Applied Botany, vol. 46, pp. 8487–8489,
2012.

[26] A. K. Singh, M. B. Pandey, S. Singh, A. K. Singh, and U. P.
Singh, “Antifungal activity of securinine against some plant
pathogenic fungi,” Mycobiology, vol. 36, no. 2, pp. 99–101,
2008.

[27] G. Singh, I. P. Kapoor, P. Singh, C. S. de Heluani, M. P. de
Lampasona, and C. A. Catalan, “Chemistry, antioxidant and
antimicrobial investigations on essential oil and oleoresins of
Zingiber officinale,” Food and Chemical Toxicology, vol. 46,
no. 10, pp. 3295–3302, 2008.

[28] R. P. Singh and D. A. Jain, “Evaluation of antimicrobial activity
of curcuminoids isolated from turmeric,” International Jour-
nal of Pharmacy and Life Sciences, vol. 3, pp. 1368–1376, 2012.

[29] M. Akram, S. Uddini, A. Ahmed et al., “Curcuma longa and
curcumin: a review article,” Romanian Journal of Biology and
Plant Biology, vol. 55, pp. 65–70, 2010.

[30] F. D. Ferreira, C. Kemmelmeier, C. C. Arrotéia et al., “Inhibi-
tory effect of the essential oil of Curcuma longa L. and curcu-
min on aflatoxin production by Aspergillus flavus Link,”
Food Chemistry, vol. 136, no. 2, pp. 789–793, 2013.

[31] B. Shanmugam, K. R. Shanmugam, S. Ravi, G. V. Subbaiah,
K. Malikajuna, and K. S. Reddy, “Antibacterial activity and
phytochemical screening of Phyllanthus niruri in ethanolic,
methanolic and aqueous extracts,” International Journal of
Pharmaceutical Sciences and Research., vol. 27, pp. 85–89,
2014.

[32] A. K. Singh, M. B. Pandey, and U. P. Singh, “Antifungal activ-
ity of an alkaloid allosecurinine against some fungi,”Mycobiol-
ogy, vol. 35, no. 2, pp. 62–64, 2007.

[33] H. A. Hasan, A. M. Raauf, B. M. Abd Razik, and B. A. Hassan,
“Chemical composition and antimicrobial activity of the crude
extracts isolated from Zingiber officinale by different solvents,”
Pharmaceutica Analytica Acta, vol. 3, pp. 184–188, 2012.

[34] S. Valencia-Chamorro, L. Palou, M. del Río, and M. Pérez-
Gago, “Performance of hydroxypropyl methylcellulose
(HPMC)-lipid edible coatings with antifungal food additives

15International Journal of Food Science



during cold storage of 'Clemenules' mandarins,” LWT-Food
Science and Technology, vol. 44, no. 10, pp. 2342–2348, 2011.

[35] N. Njombolwana, A. Erasmus, and P. Fourie, “Evaluation of
curative and protective control of Penicillium digitatum fol-
lowing imazalil application in wax coating,” Postharvest Biol-
ogy and Technology, vol. 77, pp. 102–110, 2013.

[36] C. Chen, X. Peng, R. Zeng, M. Chen, C. Wan, and J. Chen,
“Ficus hirta fruits extract incorporated into an alginate-based
edible coating for Nanfeng mandarin preservation,” Scientia
Horticulturae, vol. 202, pp. 41–48, 2016.

[37] F. Khorram, A. Ramezanian, and S. Hosseini, “Shellac, gelatin
and Persian gum as alternative coating for orange fruit,” Scien-
tia Horticulturae, vol. 225, pp. 22–28, 2017.

[38] E. Motamedi, J. Nasiri, T. Malidarreh, S. Kalantari,
M. Naghavi, and M. Safari, “Performance of carnauba wax-
nanoclay emulsion coatings on postharvest quality of 'Valen-
cia' orange fruit,” Scientia Horticulturae, vol. 240, pp. 170–
178, 2018.

[39] B. Saberi, J. Golding, J. Marques et al., “Application of biocom-
posite edible coatings based on pea starch and guar gum on
quality, storability and shelf life of 'Valencia' oranges,” Post-
harvest Biology and Technology, vol. 137, pp. 9–20, 2018.

[40] M. Rasouli, M. Koushesh Saba, and A. Ramezanian, “Inhibi-
tory effect of salicylic acid and Aloe vera gel edible coating on
microbial load and chilling injury of orange fruit,” Scientia
Horticulturae, vol. 247, pp. 27–34, 2019.

[41] C. Chen, X. Peng, J. Chen, Z. Gan, and C. Wan, “Mitigating
effects of chitosan coating on postharvest senescence and
energy depletion of harvested pummelo fruit response to gran-
ulation stress,” Food Chemistry, vol. 348, article 129113, 2021.

[42] M. Karaaslan, F. Şengün, Ü. Cansu, B. Başyiğit, H. Sağlam, and
A. Karaaslan, “Gum arabic/maltodextrin microencapsulation
confers peroxidation stability and antimicrobial ability to pep-
per seed oil,” Food Chemistry, vol. 337, article 127748, 2021.

[43] A. A. Alali, M. A. Awad, A. D. Al-Qurashi, and S. A.
Mohamed, “Postharvest gum arabic and salicylic acid dipping
affect quality and biochemical changes of 'Grand Nain'
bananas during shelf life,” Scientia Horticulturae, vol. 237,
pp. 51–58, 2018.

[44] A. Ali, M. Maqbool, P. G. Alderson, and N. Zahid, “Effect of
gum arabic as an edible coating on antioxidant capacity of
tomato (Solanum lycopersicum L.) fruit during storage,” Post-
harvest Biology and Technology, vol. 76, pp. 119–124, 2013.

[45] R. Etemadipoor, A. Ramezanian, D. A. Mirzaalian, and
M. Shamili, “The potential of gum arabic enriched with cinna-
mon essential oil for improving the qualitative characteristics
and storability of guava (Psidium guajava L.) fruit,” Scientia
Horticulturae, vol. 251, pp. 101–107, 2019.

[46] M. Maqbool, A. Ali, P. G. Alderson, M. T. Muda Mohamed,
Y. Siddiqui, and N. Zahid, “Postharvest application of gum
arabic and essential oils for controlling anthracnose and qual-
ity of banana and papaya during cold storage,” Postharvest
Biology and Technology, vol. 62, no. 1, pp. 71–76, 2011.

[47] Y. Awang, M. A. A. Ghani, K. Sijam, and R. B. Mohamad,
“Effect of calcium chloride on anthracnose disease and post-
harvest quality of red-flesh dragon fruit (Hylocereus polyrhi-
zus),” African Journal of Microbiology Research, vol. 5,
no. 29, pp. 520–5259, 2011.

[48] G. Khaliq, M. T. M.Mohamed, A. Ali, P. Ding, and H.M. Gha-
zali, “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, vol. 190, pp. 187–194, 2015.

[49] S. A. S. Jaapar, Y. Iwai, and N. A. Morad, “Effect of co-solvent
on the solubility of ginger bioactive compounds in water using
COSMO-RS calculations,” Applied Mechanics and Materials,
vol. 624, pp. 174–178, 2014.

[50] D. Sivakumar, R. S. Hewarathgamagae, W. Wilson, and R. L.
C. Wijesundera, “Effect of ammonium carbonate and sodium
bicarbonate on anthracnose of papaya,” Phytoparasitica,
vol. 30, no. 5, pp. 486–492, 2002.

[51] De J. J. E. Dávila-Aviña, J. Villa-Rodriguez, R. Cruz-Valen-
zuela, M. Rodriguez-Armenta, M. Espino-Diaz, and J. F.
Ayala-Zavala, “Effect of edible coatings, storage time and
maturity stage on overall quality of tomato fruits,” American
Journal of Agricultural and Biological Sciences, vol. 6,
pp. 162–171, 2011.

[52] S. Ranganna, Handbook of Analysis and Quality Control for
Fruit and Vegetable Products, Tata McGraw Hill Publishing
Co. Ltd., New Delhi, 1986.

[53] J. Bai, V. Alleyne, R. Hagenmaier, J. Mattheis, and E. Baldwin,
“Formulation of zein coatings for apples (Malus domestica
Borkh)1,” Postharvest Biology and Technology, vol. 28, no. 2,
pp. 259–268, 2003.

[54] D. Phebe, M. K. Chew, A. A. Suraini, O. M. Lai, and O. A.
Janna, “Red-fleshed pitaya (Hylocereus polyrhizus) fruit colour
and betacyanin content depend on maturity,” International
Food Research Journal, vol. 16, pp. 233–242, 2009.

[55] S. Motlagh, P. Ravines, K. A. Karamallah, and Q. Ma, “The
analysis of acacia gums using electrophoresis,” Food Hydrocol-
loids, vol. 20, no. 6, pp. 848–854, 2006.

[56] L. H. Rinsky and G. Rinsky, The Pastry Chef's Companion: A
Comprehensive Resource Guide for Baking and Pastry Profes-
sionals, John Wiley & Sons, Chichester, 2009.

[57] C. Ficker, M. L. Smith, K. Akpagana et al., “Bioassay-guided
isolation and identification of antifungal compounds from
ginger,” Phytotherapy Research, vol. 17, no. 8, pp. 897–
902, 2003.

[58] M. R. Ojaghian, L. Wang, Z. Q. Cui, C. Yang, T. Zhongyun,
and G. L. Xie, “Antifungal and SAR potential of crude extracts
derived from neem and ginger against storage carrot rot
caused by Sclerotinia sclerotiorum,” Industrial Crops and Prod-
ucts, vol. 55, pp. 130–139, 2014.

[59] M. M. Radwan, N. Tabanca, D. E. Wedge, A. H. Tarawneh,
and S. J. Cutler, “Antifungal compounds from turmeric and
nutmeg with activity against plant pathogens,” Fitoterapia,
vol. 99, pp. 341–346, 2014.

[60] P. Wongkaew and W. Sinsiri, “Effectiveness of ringworm cas-
sia and turmeric plant extracts on growth inhibition against
some important plant pathogenic fungi,” American Journal
of Plant Science, vol. 5, no. 5, pp. 615–626, 2014.

[61] P. Hernández-Muñoz, E. Almenar, V. Valle, D. Velez, and
R. Gavara, “Effect of chitosan coating combined with posthar-
vest calcium treatment on strawberry (Fragaria × ananassa)
quality during refrigerated storage,” Food Chemistry, vol. 110,
no. 2, pp. 428–435, 2008.

[62] P. J. Chien, F. Sheu, and H. R. Lin, “Quality assessment of low
molecular weight chitosan coating on sliced red pitayas,” Jour-
nal of Food Engineering, vol. 79, no. 2, pp. 736–740, 2007.

[63] E. A. Baldwin, J. K. Burns, W. Kazokas et al., “Effect of two edi-
ble coatings with different permeability characteristics on
mango (Mangifera indica L.) ripening during storage,”

16 International Journal of Food Science



Postharvest Biology and Technology, vol. 17, no. 3, pp. 215–
226, 1999.

[64] H. J. Park, “Development of advanced edible coatings for
fruits,” Trends in Food Science and Technology, vol. 10, no. 8,
pp. 254–260, 1999.

[65] S. Hedayati and M. Niakousari, “Effect of coatings of silver
nanoparticles and gum arabic on physicochemical and micro-
bial properties of green bell pepper (Capsicum annuum),”
Journal of Food Processing and Preservation, vol. 39, no. 6,
pp. 2001–2007, 2015.

[66] M. Ghasemnezhad, M. Shiri, andM. Sanavi, “Effect of chitosan
coatings on some quality indices of apricot (Prunus armeniaca
L.) during cold storage,” Caspian Journal of Environmental
Science, vol. 8, pp. 25–33, 2010.

[67] A. Nerd and Y. Mizrahi, “The effect of ripening stage on fruit
quality after storage of yellow pitaya,” Postharvest Biology
and Technology, vol. 15, no. 2, pp. 99–105, 1999.

[68] J. Moreno, T. Tran, B. Cantero-Tubilla, K. López-López, B. L.
Lavalle, and D. Dufour, “Physicochemical and physiological
changes during the ripening of Banana (Musaceae) fruit grown
in Colombia,” International Journal of Food Science & Tech-
nology, vol. 56, no. 3, pp. 1171–1183, 2021.

[69] S. Rastegar and S. Atrash, “Effect of alginate coating incorpo-
rated with spirulina, Aloe vera, and guar gum on physico-
chemical, respiration rate, and color changes of mango fruits
during cold storage,” Journal of Food Measurement and Char-
acterization, vol. 15, no. 1, pp. 265–275, 2020.

[70] M. Y. Rohani, M. Z. Zaipun, andM. Norhayati, “Effect of mod-
ified atmosphere on the storage life and quality of Eksotika
papaya,” Journal of Tropical Agriculture and Food Science,
vol. 25, pp. 103–113, 1997.

[71] K. T. H. Dang, Z. Singh, and E. E. Swinny, “Edible coating
influence fruit ripening, quality, and aroma biosynthesis in
mango fruit,” Journal of Agricultural Food Chemistry, vol. 56,
no. 4, pp. 1361–1370, 2008.

[72] C. Amarante, N. H. Banks, and S. Ganesh, “Characterising rip-
ening behaviour of coated pears in relation to fruit internal
atmosphere,” Postharvest Biology and Technology, vol. 23,
no. 1, pp. 51–59, 2001.

[73] T. H. P. S. Fernando, C. K. Jayasinghe, and R. L. C. Wije Sun-
dera, “Cell wall degrading enzyme secretion by Colletotrichum
acutatum the causative fungus of secondary leaf fall of Hevea
brasiliensis,” Mycological Research, vol. 105, no. 2, pp. 195–
201, 2001.

[74] F. Kamilova, L. V. Kravchenko, A. I. Shaposhnikov,
N. Makarova, and B. Lugtenberg, “Effects of the tomato path-
ogen Fusarium oxysporum f. sp. radicis-lycopersici and of the
biocontrol bacterium Pseudomonas fluorescens WCS365 on
the composition of organic acids and sugar in tomato root exu-
date,” American Phytopathological Society, vol. 19, no. 10,
pp. 1121–1126, 2006.

[75] S. Y. Wang and G. J. Galletta, “Compositional change in Colle-
totrichum (anthracnose) infected strawberry fruit,” Acta Hor-
ticulturae, vol. 567, pp. 815–819, 2002.

[76] P. Esquivel, F. C. Stintzing, and R. Carle, “Comparison of mor-
phological and chemical fruit traits from different pitaya geno-
types (Hylocereus sp.) grown in Costa Rica,” Journal of Applied
Botany and Food Quality, vol. 81, pp. 7–14, 2007.

[77] D. A. Rodríguez, P. Gutiérrez, M. del Pilar et al., “Efecto de dos
indices de madurez y dos temperaturas de almacenamiento
sobre el comportamiento en poscosecha de la pitahaya amar-

illa (Selenicereus megalanthus Haw),” Revista Facultad Nacio-
nal de Agronomía, Medellín, vol. 58, pp. 2827–2857, 2005.

[78] R. B. H. Wills, B. McGlasson, D. Graham, and D. Joyce, Post-
harvest-an introduction to the physiology and handling of fruit,
vegetables, and ornamentals, CAB International, Wallingford,
UK, 5th edition, 2007.

[79] O. Yaman and L. Bayoindirli, “Effects of an edible coating and
cold storage on shelf-life and quality of cherries,” LWT-Food
Science and Technology, vol. 35, no. 2, pp. 146–150, 2002.

[80] D. Prusky, I. Koblier, R. Aridi, D. Beno-Moalem, N. Yakoby,
and N. T. Keen, “Resistance mechanisms of subtropical fruits
to Colletotrichum gloeosporioides,” in Colletotrichum: Biology,
Pathology, and Control, J. A. Bailey and M. J. Jeger, Eds.,
pp. 232–244, CAB International, Wallingford, 2000.

[81] N. A. Jamaludin, P. Ding, and A. A. Hamid, “Physico-chemical
and structural changes of red-fleshed dragon fruit (Hylocereus
polyrhizus) during fruit development,” Journal of Science of
Food and Agriculture, vol. 91, no. 2, pp. 278–285, 2011.

[82] A. El Ghaouth, J. Arul, R. Ponnampalam, and M. Boulet, “Chi-
tosan coating effect on storability and quality of fresh straw-
berries,” Journal of Food Science, vol. 56, no. 6, pp. 1618–
1620, 1991.

[83] Y. M. Jiang and Y. B. Li, “Effects of chitosan coating on post-
harvest life and quality of longan fruit,” Food Chemistry,
vol. 73, no. 2, pp. 139–143, 2001.

[84] G. O. Pérez-Tello, B. A. Silva-Espinoza, I. Vargass-Arispuro,
B. O. Briceño-Torres, and M. A. Martinez-Tellez, “Effect of
temperature on enzymatic and physiological factors related
to chilling injury in carambola fruit (Averrhoa carambola
L.),” Biochemical and Biophysical Research Communications,
vol. 287, no. 4, pp. 846–851, 2001.

17International Journal of Food Science


	Bioefficacy of Composite Medicinal Plant Extracts and Gum Arabic on Improving Postharvest Quality in Dragon Fruit
	1. Introduction
	2. Material and Methods
	2.1. Dragon Fruits
	2.2. Treatment Materials
	2.3. Crude Extraction of Plants
	2.4. Formulation of Composite Coating of Gum Arabic and Plant Extracts
	2.4.1. Preparation of Stock Gum Arabic
	2.4.2. Incorporation of Gum Arabic with Plant Extracts

	2.5. Effect of Composite Coating on Disease Incidence and Severity
	2.5.1. Application of Formulation on Fruits
	2.5.2. Disease Incidence and Disease Severity
	2.5.3. Evaluation of External Quality of Fruit after Formulation Application

	2.6. Efficacy of Formulation on Postharvest Quality
	2.6.1. Physicochemical Quality of Dragon Fruit
	2.6.2. Effect of Formulation on Respiration Rate and Ethylene Production

	2.7. Effect of Formulation on Sensory Evaluation

	3. Data Analysis
	4. Results
	4.1. Efficacy of Formulation on Disease Incidence and External Quality Appearance
	4.1.1. Disease Incidence
	4.1.2. Disease Severity

	4.2. External Appearance of Fruit after Formulation Application
	4.3. Efficacy of Extract on Physicochemical Quality of Fruit
	4.3.1. Weight Loss
	4.3.2. Firmness
	4.3.3. Fruit Peel Color Development
	4.3.4. Total Soluble Solids and Titratable Acidity

	4.4. Efficacy of Formulation on Respiration Rate and Ethylene Production
	4.5. Sensory Evaluation

	5. Discussion
	5.1. Efficacy of Formulation on Disease Incidence and Severity
	5.2. Efficacy of Formulation on Physicochemical Quality
	5.2.1. Weight Loss
	5.2.2. Firmness
	5.2.3. Peel Color Change
	5.2.4. Total Soluble Solids and Titratable Acidity

	5.3. Efficacy of Formulation on Gas Exchange
	5.4. Efficacy of Formulation on External Attributes and Sensory Evaluation

	6. Conclusion
	Data Availability
	Additional Points
	Conflicts of Interest
	Acknowledgments



