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Mango suffers from numerous diseases throughout its life due to fungal growth. 
Primarily, mango is infected with anthracnose, a disease caused by Collectotrichum 
gloeosporioides. In the present study, mango fruits were coated with zinc oxide (ZnO) 
and tapioca starch solution at different concentrations and stored at room temperature 
for a week. The growth of any black spots on the outer surface of the fruit peel was 
observed at two-day intervals. The mixed coating material, consisting of ZnO and 
tapioca starch, inhibited fungal growth. The field-emission scanning microscope 
(FESEM) results demonstrated that the nanoparticles were uniformly coated on the 
mango samples. Applying the ZnO coating also effectively maintained the quality 
attributes and extended the shelf life of the fruits. Consequently, the ZnO and starch 
coating could be an alternative safe coating technique of protecting mango fruits 
against anthracnose infection, hence prolonging the freshness and avoiding economic 
losses during transportation, marketing, and storage.  

 
 
 
 
Keywords: 
nanocoating; zinc oxide nanoparticles; 
food; agriculture; mango; glutinous rice 
starch 

 
1. Introduction 
 

Mango is among the prevalent fruits worldwide due to its attractive colour, delicious taste, excellent 
nutritional properties, and high international commercial value [1][2]. Nevertheless, mango fruits are 
decayable and mature swiftly after being harvested [3]. Moreover, producers and traders face higher losses 
from improper handling, packaging, storage, and poor post-harvest management [3]. Accordingly, scientists 
have been investigating measures to prolong the shelf life of the fruit while maintaining standard quality and 
flavour [3]. The fungus Colletotrichum gloeosporides is responsible for anthracnose, one of the significant post-
harvest diseases infecting mango worldwide [4][5]. The disease is asymptomatic [4], requiring fungicide 
treatments either during pre- or post-harvest to reduce losses [1]. Nevertheless, the employment of fungicides 
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is restricted due to health concerns. Furthermore, most mango producers in developing countries could not 
afford fungicides [6]. 

Synthetic fungicides are primarily utilized to control post-harvest diseases [7][8]. The chemicals might 
consist of a combination of mixtures or necessitate the sequential application of separate solutions [9]. Several 
fungicides have been removed from the market due to possible toxicological risks [1]. Moreover, repeated 
fungicide employment in packing houses has led to fungicide-resistant pathogens [1]. Recent studies have also 
revealed the health risks of applying synthetic fungicides to fresh fruits and vegetables pre-consumption, 
increasing public awareness, hence resulting in the pressure to reduce synthetic fungicides on agricultural 
products and the environment [1]. 

Nanotechnology possesses great potential in food security programs that aim to preserve agricultural 
and food supplies [10]. For example, an essential contribution of nanotechnology to sustainable agriculture 
products is nano-coating to extend the freshness of fruits and inhibit fungal attacks or growth. Consequently, 
food packaging with antimicrobial properties has garnered attention due to its ability to arrest or delay the 
microbiological decay of food products [11]. Antimicrobial substances are incorporated into packaging systems 
to reduce pathogen contamination risks [12][13]. Reports also documented that antimicrobial packaging 
improved the safety and quality of food products and enabled reduced preservatives addition [14]. Food 
packaging antimicrobial actions are based on agents released from the material to the surrounding space, not 
directly onto the food [14]. 

 Zinc is a trace metal crucial for numerous metalloenzymes in living organisms [15] and zinc oxide 
(ZnO) is a multifunctional inorganic particle with antimicrobial properties. Moreover, ZnO is recognised as safe 
by the United States Food and Drug Administration [16] and not harmful to humans [17]. The chemical is also 
less toxic than silver (Ag), a substance widely employed in the food industry as a zinc supplement [15][18]. 
Consequently, ZnO nanoparticle applications have significantly risen in the food industry [19]. The ZnO has 
been incorporated into food can linings to prevent discolouration and spoilage [20]. Several studies have also 
proposed incorporating ZnO nanoparticles (NPs) into low-density polyethylene (LDPE), polypropylene (PP), 
and chitosan [20], while some reported the utilisation of chitosan films blended with different components, 
such as natural extracts or inorganic metal particles, as food packaging [21][22]. Furthermore, Rahman, 
Mujeeb, and Muraleedharan (2017) proved the efficiency of chitosan-ZnO nanocomposite films in pouches 
prolonging the shelf life of the raw materials assessed [23]. Nevertheless, the employment of ZnO-starch 
coating on fruits has yet to be reported. They had similar research but they used polyvinyl chloride films as 
the binder. Li et al. (2011) stated that the decay rate of nano-ZnO-coated PVC film apples was reduced [24]. 

Commonly, biopolymers are manufactured from existing polymers, including polysaccharides and 
proteins [25]. Among the polymers, starch, a polysaccharide, is one of the most plentiful biopolymer sources, 
generally found in oats (wheat, corn, and rice) and tuber plants (tapioca, potato, and sweet potato) [26]. 
Tapioca starch could be obtained from the cassava plant tuber (Manihot esculenta), a plant available in tropical 
nations [27]. Tapioca starch is amylose (19%) and amylopectin (81%), which are adequate to deliver the starch-
based films developed in the present study [28]. Furthermore, starch-based films are safe, unscented, and 
colourless, offering potential applications in food packaging [29]. Consequently, the present study selected 
tapioca starch to deliver the starch-based film due to its accessibility, cost, biodegradability, and edibility 
[29][30]. Nevertheless, starch-based films possess several disadvantages, including restricted long-term 
stability and a short time frame of realistic usability brought about by water absorption.  

The applications of starch films are constrained as they are brittle and profoundly and quickly 
dissolvable in water, attributable to the strong intermolecular relationship tendencies between starch chains 
due to their hygroscopic nature [29]. The water absorption property of starch influences the characteristics of 
the acquired films, which include poor mechanical properties regarding rigidity, Young’s modulus, and 
prolongation at break [31]. The disadvantages could be reversed by incorporating nanosized molecules or 
nanofillers to frame the bio-nanocomposite films [32]. Recently, NPs have been utilized considerably in 
manufacturing nanocomposites. A nanocomposite is a micro-composite comprising common polymers as 
matrix and NPs as filler. Adding NPs could improve the qualities and functional properties, including boundary 
capacity, morphology, and mechanical quality of biopolymers.  
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The ZnO NPs produces positive effects on the mechanical and barrier properties of the nanocomposite 
films, which is crucial in food wrapping [33]. Nooshin et al. documented that ZnO NPs in active packaging 
possess the potential of inhibiting fungal growth in bread [33]. This is due to the hygroscopic effect of ZnO NPs 
and its positive effect on improving water vapour permeability (WVP) of the films.  According to Li et al., 
coating fresh-cut fruits with ZnO NPs is more advantageous than typical packaging. Li et al. [24] also 
recommended ZnO coating to extend the shelf life of fruits and vegetables as it is capable of postponing aging 
[34]. Several coating techniques have been successfully employed on tropical fruits, such as mango and 
avocado. In another investigation, the natural taste of mango slices was successfully preserved with a chitosan 
coating. However, the colour of the chitosan-coated samples did not vary from the blank, contained less water 
and demonstrated a steady decay [35]. 

Due to the high consumption of mango in the world, this study has concerns about extending the shelf 
life of mango by inhibiting microbial activities. Hence, the aim of the present research is to prepare a ZnO NPs-
tapioca starch solution that would inhibit fungal growth on mango samples coated with the solution, hence 
maintaining the quality of the fruits. The purpose of this study also was to determine the effect of 
physicochemical parameters (pH, Brix, and titratable acidity) on the storage for delay ripening of 
mango fruit. 

 
2. Experimental Method 
 

ZnO nanopowder <100 nm was purchased from Sigma-Aldrich Chemicals Pvt. Ltd.(USA). 
Tapioca starch was purchased from the market (Malaysia).  The ZnO NP and tapioca starch were ball 
milled using planetary ball mill, model: PM 200 RESTCH. Total soluble solid of the mango samples 
coated with the ZnO NPs-tapioca solution was determined with a hand refractometer (Brix 0–32%, 
Atago, Japan). The surface morphology of mango skin has been characterized using Field Emission 
Scanning Electron Microscope (FESEM) (JEOL JSM-J600F). 

 
2.1 Preparation of microorganisms 
 

The mould was isolated from mature mango fruits and grown in dextrose agar in this study. 
The culture was incubated at 30℃ for seven days. Subsequently, the culture stock was stored at 4℃.  
 
2.2 Preparation of the ZnO NPs and glutinous tapioca flour 
 

The current study employed commercially available ZnO powder under 100 nm and 99% pure. 
The powder was milled in a zirconia jar with zirconia balls at a ball-to-powder weight ratio of 14. The 
mechanical milling was conducted in a horizontal ball mill operated at 500 rpm for half an hour. 
Similarly, commercial glutinous tapioca flour was milled to obtain the desired nanoparticle-sized 
powder. 

 
2.3 Preparation of the ZnO NPs with an edible coating solution 
 

First, 50 ml of ZnO NPs containing 1, 1.5, 3, and 5 mg/ml were prepared. Following that, 500 
ml of distilled water and starch powder solution were thoroughly mixed into the 1, 3, and 5 mg/ml 
ZnO NPs stocks. The mixture was then infused with edible coating (13.5 g) and constantly stirred at 
100℃ for two hours to induce gelatinisation [36]. In contrast, 50 ml of 1.5mg/ml ZnO NPs were only 
mixed with 500 ml of distilled water. 
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2.4 Coating and inoculating the mango samples  
 

The mango samples utilized in the current study were washed with distilled water to remove 
dirt and left to dry at room temperature. Subsequently, each mango was dipped in the gelatinised 
ZnO NPs-tapioca solutions (1, 3, and 5 mg/ml) for five minutes. A mango was left untreated, the 
control. The samples were then left to dry for two hours. The previously inoculated mold was 
sterilized in distilled water and 10 μl was inoculated in wounds on the mango with a sterile needle. 
Lastly, the samples were incubated in plastic trays for seven days [36]. 
 
2.5 Disease incidence and severity 
 

According to previous studies, anthracnose infections require observation every two days 
[37][38]. The current study calculated the disease incidence (%) according to Equation 1, while the 
severity of the infection was evaluated based on the index described in Figure 1. 

 
									𝐷𝑖𝑠𝑒𝑎𝑠𝑒	𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒	(%) = 	 !"#$	&'(#"#)	*+,-	./$&0	12',1

3-#	*-'/#	4$56'	#2+)#"4+1	$"#$
	× 100%       (1) 

 

 

Fig. 1. The severity index of anthracnose infection on the mango samples on a scale of 0 to 5. 
Note: 0 = no visible spots, 1 = one dark depressed spot 1–5 mm in diameter, 2 = two to three dark depressed spots 1–5 mm in 
diameter, 3 = three dark depressed spots over 5 mm in diameter, 4 = more than three dark depressed spots over 5 mm in 
diameter, and 5 = merged depressed spots on the fruit epidermis 

 
2.6 Weight loss 
 

In the present study, the weight loss of the mango samples was measured every two days. 
The fruits were weighed before coating with the edible ZnO NPs-tapioca solution and during storage. 
The weight percentage (w%) was then calculated. 
 
2.7 Total soluble solids (TSS) 
 

The total soluble solids (TSS) concentration of the mango samples coated with the ZnO NPs-
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tapioca solution was determined with a hand refractometer (Brix 0–32%, Atago, Japan) at room 
temperature. First, 10 g of mango flesh were homogenised in a blender and filtered. Subsequently, a 
drop of the sample was placed on the refractometer prism glass to obtain the direct reading. The 
prism was washed with distilled water and dried with tissue paper for the consequent readings. The 
readings were expressed in concentration per cent of TTS or ⁰Brix. 
 
2.8 pH 
 

For pH determination, 10 g of mango flesh was sliced and homogenised with 100 mL distilled 
water in a blender before filtering the pulp. Subsequently, a pH meter was employed to determine 
the pH of the juice. 
 
2.9 Titratable acidity (TA) 
 

Titratable acidity (TA) was determined by titrating 100 mL of homogenised 10 g mango flesh 
with 100 mL of distilled water and 0.1 N sodium hydroxide (NaOH) solution. The solution was shaken 
vigorously after a few drops of phenolphthalein indicator were added. The solution was then titrated 
until the end-point appeared to be a permanent pink colour. The titre was recorded as the burette 
reading. The TA was indicated as the percentage of citric acid and calculated according to Equation 
2. 

																																											𝑇𝐴	(%) = 	 !&+)+,7	8$&,'"	×	,+,"#
:$42/#

	× 100         (2) 

 
where the acidity factor is 0.0064.  
 
2.10 Moisture content (MC) 
 

In the present study, the moisture content (MC) of the samples was assessed from the change 
in weight of the fruits. The mangoes were oven-dried at 100℃ for 24 hours before weighing with a 
weight balance. 

																																				𝑀𝐶	(%) = ;5+,+$/	*#+6-,<=+5$/	*#+6-,
=+5$/	*#+6-,

	× 100        (3) 

 
2.11 Characterization of the ZnO NPs 
 

The ZnO NPs coating the mango samples was characterized by field-emission scanning 
electron microscopy (FESEM). The technique allowed morphological characterization of the mango 
surface. The present study performed top view and cross-section FESEM imaging at magnifications 
between 300–10 000×.  
 
3. Results and Discussion 
 

Figure 2 displays the appearance of mango skin on the (a) control, (b) coated with ZnO, and 
(c) coated with ZnO NPs-tapioca solution mango samples viewed through an optical microscope. The 
uncoated mango exhibited more black spots than the sample coated with ZnO. The diameter of the 
black spots observed on the ZnO-coated fruits was bigger than those on the ZnO NPs-tapioca-coated 
samples, 330.77 and 204.54 μm [39], respectively. The observations proved that the ZnO-glutinous 
tapioca starch possessed antifungal properties, which would enable in vivo antifungal actions against 
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anthracnose pathogens.  
 

 

Fig. 2. The appearance of the (a) uncoated, (b) coated with ZnO, and (c) coated with 
the ZnO NPs-tapioca solution mango samples viewed through an optical microscope 

 
Table 1  
The initial black spots (red circles) observed on the uncoated and mangoes coated with different 
concentrations of ZnO and tapioca flour NPs during the 7-day storage 

 
Sample 

Condition on day 

0 2 4 6 7 

Control 
(uncoated) 

     

 
1 mg/ml 

     

 
3 mg/ml 

     

5 mg/ml 
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The mango samples in the present study were visually observed for black spots. Table 1 
illustrates the black spot perceived on day 7 of storage of the uncoated (control) and mango samples 
coated with different concentrations of ZnO-tapioca starch NPs. Only the sample coated with the 5 
mg/ml ZnO- tapioca starch NPs did not rot after seven days. During the seven-day storage at room 
temperature, the mango samples in the current study were observed for anthracnose infection. On 
day 2, the control fruit exhibited disease symptoms, and its severity increased during storage. The 
sample coated with 1 mg/ml of ZnO and tapioca flour NPs was observed to be diseased on day 6, 
while the mango coated with 3 mg/ml ZnO-tapioca starch NPs exhibited infection on day 7. No black 
spots were discerned on the fruit coated with ZnO-tapioca starch NPs at 5 mg/ml. The disease 
severity percentage of the 5 mg/ml ZnO starch NPs-coated sample was also recorded lower than the 
uncoated mango. The observation was due to the antimicrobial agents in the ZnO NPs [39]. The 
results demonstrated that ZnO could retard anthracnose disease in mango fruits. 

Figure 3 illustrates the weight loss percentages of the uncoated and coated mango samples 
during storage. The fruit coated with the 5 mg/ml ZnO-starch NPs recorded the least weight loss 
during the seven days. Water loss or transpiration is considered a significant factor affecting the 
storage life and the post-harvest quality of most fruits. In the present study, weight loss increased 
during storage, and a significantly (p < 0.05) higher weight loss percentage was documented by the 
1 mg/ml ZnO-starch NPs-coated sample. The fruits coated with 5 mg/ml ZnO-tapioca starch NPs 
demonstrated reduced weight loss compared to those with 1 and 3 mg/ml coatings. The higher 
concentration of ZnO–tapioca starch NPs diminished weight loss as the tapioca starch is a 
polysaccharide, which works as an oxygen and moisture barrier, thus reducing water loss from the 
fruit [40]. Nevertheless, the tapioca starch barrier is poor compared to synthetic plastic [41], 
supporting the necessity of incorporating the ZnO NPs in the current study. Post-harvest water loss 
leads to wilting and shriveling, reducing the marketability of the products. The ZnO possesses unique 
traits, namely antimicrobial properties and the ability to enhance the mechanical, barrier, and 
thermal characteristics of the resulting film [41]. On day 7 of the storage period, the highest weight 
loss was recorded by the fruit coated with 1 mg/ml ZnO–tapioca starch NPs, followed by the control 
and 3 mg/ml ZnO–tapioca starch NPs-coated mangoes. The weight loss percentage of the 5 mg/ml 
ZnO-tapioca starch NPs sample was 20%.  

 

 

Fig. 3. The weight loss percentages of uncoated and mangoes coated at varying ZnO- tapioca flour NPs 
during a seven-day storage 
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Figure 4 displays the disease severity percentages of the mango samples during seven days of 
storage. The uncoated fruit and the sample coated with 5 mg/ml ZnO-tapioca flour NPs documented 
the highest and lowest disease severity percentages. Nevertheless, the results also demonstrated 
that the disease severity percentages increased to 50% on the seventh day. Nonetheless, the fruits 
with 1 and 3 mg/ml ZnO-tapioca flour NPs exhibited improvements on the final day of storage, at 
approximately 15 and 6%. Moreover, the sample with 5 mg/ml ZnO- tapioca flour NPs coat produced 
a superior disease severity improvement of 0.9% (see Figure 5), proving that the ZnO NPs effectively 
inhibited anthracnose infection on mango. Anthracnose disease in mango manifests as fungal growth 
visually observed as black spots on the mango surfaces [42]. The infection affects the fruit quality, 
damaging the income of a country [10]. Consequently, agriculturists employ fungicides to prevent 
anthracnose infections. Nonetheless, although fungicides could prevent diseases, the chemicals also 
affect the quality of the products, such as altering the skin of mangoes from green to yellow [43]. 

 

 

Fig. 4. The disease severity percentage of the mango fruits during seven days of storage 

 
Fig. 5. The actual disease severity percentage value of the mango fruit coated with 5 mg/ml ZnO-starch flour 
NPs during the 7-day storage 



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 29, Issue 1 (2022) 76-89 

84 
 

Table 1 lists the preliminary results of the parametric measures also assessed in the current 
study, including MC, TA, TSS, and pH. Nonetheless, only the samples coated with <3 mg/ml of ZnO 
and glutinous tapioca flour were evaluated after seven days of storage. The control sample recorded 
a lower MC, 48%, and the highest MC, 69%, was observed in sample C (1.5 M). The TA and pH are 
two quality attributes of mango products. The acids primarily influence the pH of mango in the fruit. 
Natural acids also represent a significant taste component in mangoes. In an investigation, sugars 
and acids and their interactions contributed to the sweetness and sourness and the general flavour 
intensity of tomatoes [44]. According to Patanè, Tringali, and Sortino [45], the TA and vitamin C of 
tomatoes increased under water stress (50% Etc), which contrasted with the full system water 
treatment (100% Etc) [45]. Tomatoes irrigated with less water regulated certain metabolic activities, 
for example, osmotic alteration in sink organs, to build sucrose and change the rate and amount of 
organic acid, thus assimilating shifts to the fruit, improving solvent sugar, TSS, and TA [46]. The 
mechanisms observed in tomatoes are similar to mangoes, implying that low pH would lead to 
improved mango fruit flavour. A higher MC in sample C might be due to an increased osmotic 
moisture transfer from the peel to the pulp. Moreover, a barrier with superior properties from the 
coating material against water vapour loss enabled respiration reduction since moisture loss occurs 
due to changes in physiological processes during post-harvest, such as transpiration and respiration 
[19].  

No significant difference was observed in the TSS value of the control and treated samples 
except for sample C. The control and treated samples recorded similar TSS data, 2.0⁰ Brix; however, 
sample C documented 1.8⁰ Brix (see Table 2). The low TSS concentration in sample C might be due to 
lower respiration levels, which might be due to the diminished hydrolysis of carbohydrates into sugar. 
The phenomenon was supported by a report that stated okra in nano-ZnO packaging demonstrated 
lower TSS compared to the control, indicating the maturity process was retarded by the edible 
coating that delayed respiration [19]. Sugars and organic acids are the fundamental components 
determining the taste of fruits. The TSS to TA proportion is the relationship between the soluble solids 
and titratable acidity in fruits. The measurement is one of the critical parameters used to decide the 
development and nature of fruits since it represents the sweetness versus the acidity of a fruit [20]. 
According to Lawson et al. [47], TSS increased while TA decreased after six days of ripening [47]. The 
diminishing acidity is attributable to its utilization as substrates during respiration and alteration into 
sugars as the ripening process progresses [20]. Nonetheless, the current study documented 
decreased TSS and elevated TA. The findings were due to the amount of potassium in the soil, 
resulting in thicker peels [48]. 
 

Table 2 
The preliminary results of parametric measures, including MC, TA, TSS, and pH, of the samples 
coated with under 3 mg/ml ZnO and glutinous tapioca flour after seven days of storage 

Sample MC(%) TA(%) pH TSS (%) 
Control 48 0.448 6.524 2.0 
A (0.5 M) 52 0.480 6.392 2.0 
B (1.0 M) 61 0.500 6.138 2.0 
C (1.5 M) 69 0.512 5.814 1.8 
D (2.0 M) 55 0.506 5.746 2.0 

 
Figure 6 displays the FESEM micrographs of the 1, 3, and 5 mg/ml ZnO NPs coatings on the 

mango samples observed in the present study. The 1 mg/ml coat was not uniform, while the 3 mg/ml 
only partially coated the fruit. The 5 mg/ml film was observed to be homogeneous. The findings 
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demonstrated that the ZnO NPs attached to the mangoes were due to the tapioca starch, which was 
the binder in the present study [49]. Insufficient dipping time contributed to the non-uniformity of 
the coatings. The results also suggested that the ZnO NPs agglomerated, thus reducing its efficiency. 
Smaller and non-agglomerated ZnO particles possessed superior physical, chemical, and biological 
properties [50]. The films developed from starch are described as isotropic, odourless, tasteless, 
colourless, non-toxic, and naturally biodegradable [51]. Tapioca starch employed as the main matrix 
film is also relatively hydrophilic. The hydrophilic-based compound is known to upgrade the water 
vapour porousness of hydrocolloid films, resulting from the excellent adsorption and desorption of 
water atoms [52]. Simultaneously, the ZnO NPs filler upgrades the polymer hindrance properties by 
a convoluted pathway [52]. In future studies, the dipping period necessitates adjustments to avoid 
agglomeration. 

 

 

Fig. 6. The FESEM micrographs of the 1, 3, and 5 mg/ml.ZnO NPs coats on the mango samples 
 

Based on the results, the weight loss percentage coated with 5 mg/ml ZnO-tapioca starch NPs 
is better than coated with 1 mg/ml and 3 mg/ml ZnO-tapioca starch NPs after 7 days. Mandal et al. 
reported that carboxymethyl cellulose (CMC) 1% coated mango fruits had the same weight loss 
percentage with control fruits [53]. Torres et al., [53,54] also reported that waxed tomato fruit lost 
less weight than control because it reduced transpiration and thus water loss.  Baldwin et al., [2,53] 
discovered that mango fruit coated with carnauba wax lost less weight due to decreased moisture 
loss. The effect of coatings on fruit weight loss could be due to the coating producing a modified 
atmosphere around the fruit surface and the surrounding environment [55][56]. It can be concluded 
that coating with ZnO-tapioca starch NPs could delay ripening and reduce weight loss. 
 
4. Conclusion 
 

The present study investigated the effects of ZnO NPs and glutinous tapioca starch coating on 
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mango fruits in preventing anthracnose disease caused by Colletotrichum gleosporides. The 
combination of 60–100 nm ZnO NPs and glutinous tapioca starch coating resulted in good 
physicochemical properties and inhibited the growth of microorganisms. The uncoated mango 
exhibited more black spots than coated with ZnO and coated with ZnO NPs-tapioca solution mango 
samples. Mango treated with 5 mg/ml of ZnO-tapioca starch is observed as superior to the other 
fruits. One of the most noticeable characteristics of physicochemical for coating ZnO NPs-tapioca 
samples is the appearance of black spot growth with the smallest diameter after 7 days. This study 
suggested that nano-ZnO-starch coated can be used for reducing postharvest deterioration, 
extending the shelf life and maintaining quality of mango fruit during storage. 
 
Acknowledgements 
The author would like to express gratitude to the Ministry of Higher Education (MOHE) for funding 
the research via the Fundamental Research Grant Scheme (FRGS) (600-IRMI/FRGS  5/3 (415/2019)), 
and Research Management Institute, Universiti Teknologi MARA (UiTM), Shah Alam, Selangor, 
Malaysia via the Penerbitan Yuran Prosiding Berikdeks (PYPB). The authors also extend appreciation 
to the Federal Agricultural Marketing Authority (FAMA) for collaboration. 
 
References 
[1] Abd-Alla, M., and M. Wafaa. "New safe methods for controlling anthracnose disease of mango (Mangifera indica 

L.) fruits caused by Colletotrichum gloeosporioides (Penz.)." Journal of American Science 8, no. 8 (2010): 361-367. 
[2] Baldwin, E. A., J. K. Burns, W. Kazokas, J. K. Brecht, R. D. Hagenmaier, R. J. Bender, and E. D. N. A. Pesis. "Effect of 

two edible coatings with different permeability characteristics on mango (Mangifera indica L.) ripening during 
storage." Postharvest Biology and Technology 17, no. 3 (1999): 215-226. https://doi.org/10.1016/S0925-
5214(99)00053-8 

[3] Soomro, Rizwana K., T. H. Sherazi, and S. A. Shaikh. "Effects of sunflower wax coating on physicochemical changes 
of Mangifera indica L. in storage life." Pakistan Journal of Analytical & Environmental Chemistry 14, no. 1 (2013). 

[4] P. Dodd,J.C., Prusky, D., Jeffries, “Fruit disease In Litz, R.E (Ed), The Mango: Botany, Production and Uses,” Cab 
Int. Cambrage (1997): 257–280. 

[5] Terry, Leon A., and Daryl C. Joyce. "Elicitors of induced disease resistance in postharvest horticultural crops: a 
brief review." Postharvest Biology and Technology 32, no. 1 (2004): 1-13. 
https://doi.org/10.1016/j.postharvbio.2003.09.016 

[6] Dodd, J. C., P. Jeffries, and M. J. Jeger. "Management strategies to control latent infection in tropical 
fruit." Aspects of Applied Biology (1989). 

[7] J. W. Eckert, “Recent development in the chemical control of postharvest disease. In:R.E. Paull (ed) Tropical Fruit 
in International Trade,” Acta Horticulture  269 (1990): 477–494. 
https://doi.org/10.17660/ActaHortic.1990.269.63 

[8] Eckert, J. W. "Role of chemical fungicides and biological agents in postharvest disease control." ARS-US 
Department of Agriculture, Agricultural Research Service (USA) (1991). 

[9] Ismail, Mohamed, and Jiuxu Zhang. "Post-harvest citrus diseases and their control." Outlooks on Pest 
Management 15, no. 1 (2004): 29. https://doi.org/10.1564/15feb12 

[10] Sirelkhatim, Amna, Shahrom Mahmud, Azman Seeni, Noor Haida Mohamad Kaus, Ling Chuo Ann, Siti Khadijah 
Mohd Bakhori, Habsah Hasan, and Dasmawati Mohamad. "Review on zinc oxide nanoparticles: antibacterial 
activity and toxicity mechanism." Nano-micro letters 7, no. 3 (2015): 219-242. https://doi.org/10.1007/s40820-
015-0040-x 

[11] Chillo, Stefania, S. Flores, M. Mastromatteo, Amalia Conte, Lia Gerschenson, and M. A. Del Nobile. "Influence of 
glycerol and chitosan on tapioca starch-based edible film properties." Journal of Food Engineering 88, no. 2 
(2008): 159-168. https://doi.org/10.1016/j.jfoodeng.2008.02.002 

[12] Quintavalla, Stefania, and Loredana Vicini. "Antimicrobial food packaging in meat industry." Meat science 62, no. 
3 (2002): 373-380. https://doi.org/10.1016/S0309-1740(02)00121-3 

[13] Yildirim, Selçuk, Bettina Röcker, Marit Kvalvåg Pettersen, Julie Nilsen-Nygaard, Zehra Ayhan, Ramune Rutkaite, 
Tanja Radusin, Patrycja Suminska, Begonya Marcos, and Véronique Coma. "Active packaging applications for 
food." Comprehensive Reviews in Food Science and Food Safety 17, no. 1 (2018): 165-199. 
https://doi.org/10.1111/1541-4337.12322 



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 29, Issue 1 (2022) 76-89 

87 
 

[14] Gherardi, R., R. Becerril, C. Nerin, and O. Bosetti. "Development of a multilayer antimicrobial packaging material 
for tomato puree using an innovative technology." LWT-Food Science and Technology 72 (2016): 361-367. 
https://doi.org/10.1016/j.lwt.2016.04.063 

[15] Abad, Antonio Martínez. "Development of silver based antimicrobial films for coating and food packaging 
applications." PhD diss., Universitat Politècnica de València, 2014. 

[16] Lakshmi, Sagili Jhansi, Roopa Bai RS, H. Sharanagouda, C. T. Ramachandra, Sushila Nadagouda, and Udaykumar 
Nidoni. "Effect of biosynthesized zinc oxide nanoparticles coating on quality parameters of fig (Ficus carica L.) 
fruit." Journal of Pharmacognosy and Phytochemistry 7, no. 3 (2018): 10-14. 

[17] Stoimenov, Peter K., Rosalyn L. Klinger, George L. Marchin, and Kenneth J. Klabunde. "Metal oxide nanoparticles 
as bactericidal agents." Langmuir 18, no. 17 (2002): 6679-6686. https://doi.org/10.1021/la0202374 

[18] Espitia, Paula Judith Perez, Nilda de Fátima Ferreira Soares, Laura Costa Moreira Botti, Nathália Ramos de Melo, 
Olinto Liparini Pereira, and Washington Azevêdo da Silva. "Assessment of the efficiency of essential oils in the 
preservation of postharvest papaya in an antimicrobial packaging system." Brazilian Journal of Food 
Technology 15 (2012): 333-342. https://doi.org/10.1590/S1981-67232012005000027 

[19] Al-Naamani, Laila, Joydeep Dutta, and Sergey Dobretsov. "Nanocomposite zinc oxide-chitosan coatings on 
polyethylene films for extending storage life of okra (Abelmoschus esculentus)." Nanomaterials 8, no. 7 (2018): 
479. https://doi.org/10.3390/nano8070479 

[20] Espitia, Paula Judith Perez, Nilda de Fátima Ferreira Soares, Jane Sélia dos Reis Coimbra, Nélio José de Andrade, 
Renato Souza Cruz, and Eber Antonio Alves Medeiros. "Zinc oxide nanoparticles: synthesis, antimicrobial activity 
and food packaging applications." Food and bioprocess technology 5, no. 5 (2012): 1447-1464. 
https://doi.org/10.1007/s11947-012-0797-6 

[21] Ojagh, Seyed Mahdi, Masoud Rezaei, and Seyed Hadi Razavi. "Improvement of the storage quality of frozen 
rainbow trout by chitosan coating incorporated with cinnamon oil." Journal of Aquatic Food Product 
Technology 23, no. 2 (2014): 146-154. https://doi.org/10.1080/10498850.2012.701710 

[22] Pereira Jr, Valdir Aniceto, Iza Natália Queiroz de Arruda, and Ricardo Stefani. "Active chitosan/PVA films with 
anthocyanins from Brassica oleraceae (Red Cabbage) as Time–Temperature Indicators for application in 
intelligent food packaging." Food Hydrocolloids 43 (2015): 180-188. 
https://doi.org/10.1016/j.foodhyd.2014.05.014 

[23] Rahman, P. Mujeeb, VM Abdul Mujeeb, and K. Muraleedharan. "Flexible chitosan-nano ZnO antimicrobial 
pouches as a new material for extending the shelf life of raw meat." International journal of biological 
macromolecules 97 (2017): 382-391. https://doi.org/10.1016/j.ijbiomac.2017.01.052 

[24] Li, Xihong, Weili Li, Yunhong Jiang, Yulong Ding, Juan Yun, Yao Tang, and Peipei Zhang. "Effect of nano-ZnO-coated 
active packaging on quality of fresh-cut ‘Fuji’apple." International Journal of Food Science & Technology 46, no. 9 
(2011): 1947-1955. https://doi.org/10.3389/fmicb.2015.00611 

[25] Malhotra, Bhanu, Anu Keshwani, and Harsha Kharkwal. "Antimicrobial food packaging: Potential and 
pitfalls." Frontiers in microbiology 6 (2015): 611. https://doi.org/10.3389/fmicb.2015.00611 

[26] Versino, Florencia, Olivia V. Lopez, Maria A. Garcia, and Noemi E. Zaritzky. "Starch-based films and food coatings: 
An overview." Starch-Stärke 68, no. 11-12 (2016): 1026-1037. https://doi.org/10.1002/star.201600095 

[27] Piyachomkwan, Kuakoon, and Morakot Tanticharoen. "Cassava industry in Thailand: prospects." The Journal of 
the Royal Institute of Thailand 3, no. 2011 (2011): 160-170. 

[28] Mali, Suzana, Laura Beatriz Karam, Luiz Pereira Ramos, and Maria Victória E. Grossmann. "Relationships among 
the composition and physicochemical properties of starches with the characteristics of their films." Journal of 
agricultural and food chemistry 52, no. 25 (2004): 7720-7725. https://doi.org/10.1021/jf049225+ 

[29] Kim, Sae Ron Byul, Yoon-Gyoung Choi, Jong-Yea Kim, and Seung-Taik Lim. "Improvement of water solubility and 
humidity stability of tapioca starch film by incorporating various gums." LWT-Food Science and Technology 64, 
no. 1 (2015): 475-482. https://doi.org/10.1016/j.lwt.2015.05.009 

[30] Owi, Wei Tieng, Ong Hui Lin, Sung Ting Sam, Al Rey Villagracia, and Gil Nonato C. Santos. "Tapioca starch based 
green nanocomposites with environmental friendly cross-linker." Chemical Engineering Transactions 56 (2017): 
463-468. 

[31] Mali, Susana, Lyssasetsuko S. Sakanaka, Fabio Yamashita, and M. V. E. Grossmann. "Water sorption and 
mechanical properties of cassava starch films and their relation to plasticizing effect." Carbohydrate polymers 60, 
no. 3 (2005): 283-289. https://doi.org/10.1016/j.carbpol.2005.01.003 

[32] Ghanbarzadeh, Babak, Seyed Amir Oleyaei, and Hadi Almasi. "Nanostructured materials utilized in biopolymer-
based plastics for food packaging applications." Critical reviews in food science and nutrition 55, no. 12 (2015): 
1699-1723. https://doi.org/10.1080/10408398.2012.731023 

[33] Noshirvani, Nooshin, Babak Ghanbarzadeh, Reza Rezaei Mokarram, and Mahdi Hashemi. "Novel active packaging 
based on carboxymethyl cellulose-chitosan-ZnO NPs nanocomposite for increasing the shelf life of bread." Food 



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 29, Issue 1 (2022) 76-89 

88 
 

Packaging and Shelf Life 11 (2017): 106-114. https://doi.org/10.1016/j.fpsl.2017.01.010 
[34] Moalemiyan, Mitra, Hosahalli S. Ramaswamy, and Neda Maftoonazad. "Pectin-based edible coating for shelf-life 

extension of ataulfo mango." Journal of food process engineering 35, no. 4 (2012): 572-600. 
https://doi.org/10.1111/j.1745-4530.2010.00609.x 

[35] Chien, Po-Jung, Fuu Sheu, and Feng-Hsu Yang. "Effects of edible chitosan coating on quality and shelf life of sliced 
mango fruit." Journal of food engineering 78, no. 1 (2007): 225-229. 
https://doi.org/10.1016/j.jfoodeng.2005.09.022 

[36] Abdullah, Saifollah, N. F. Rosman, N. A. Asli, and Mohamad Rusop. "The Effects of Rice Flour Solution and ZnO 
Nanoparticles Coated on Mango to Inhibit Anthracnose Disease." International Journal of Engineering & 
Technology 7, no. 4.14 (2018): 565-568. https://doi.org/10.14419/ijet.v7i4.14.27790 

[37] Sellamuthu, Periyar Selvam, Dharini Sivakumar, Puffy Soundy, and Lise Korsten. "Essential oil vapours suppress 
the development of anthracnose and enhance defence related and antioxidant enzyme activities in avocado 
fruit." Postharvest Biology and Technology 81 (2013): 66-72. https://doi.org/10.1016/j.postharvbio.2013.02.007 

[38] Xing, Yage, Xihong Li, Qinglian Xu, Juan Yun, and Yaqing Lu. "Antifungal activities of cinnamon oil against Rhizopus 
nigricans, Aspergillus flavus and Penicillium expansum in vitro and in vivo fruit test." International journal of food 
science & technology 45, no. 9 (2010): 1837-1842. https://doi.org/10.1111/j.1365-2621.2010.02342.x 

[39] Hajirasouliha, M., M. Jannesari, F. S. Najafabadi, and M. Hashemi. "Effect of novel chitosan nanoparticle coating 
on postharvest qualities of strawberry." In Proceedings 4th Int. Conf. Nanostructures., Kish Island, Iran. 2012. 

[40] Gol, Neeta B., Pooja R. Patel, and TV Ramana Rao. "Improvement of quality and shelf-life of strawberries with 
edible coatings enriched with chitosan." Postharvest Biology and Technology 85 (2013): 185-195. 
https://doi.org/10.1016/j.postharvbio.2013.06.008 

[41] Othman, Siti H., Nurul RA Kechik, Ruzanna A. Shapi’i, Rosnita A. Talib, and Intan SMA Tawakkal. "Water sorption 
and mechanical properties of starch/chitosan nanoparticle films." Journal of Nanomaterials 2019 (2019). 
https://doi.org/10.1155/2019/3843949 

[42] Nelson, Scot C. "Mango anthracnose (Colletotrichum gloeosporiodes)." (2008). 
[43] Muirhead, I. F. "Post-harvest control of mango anthracnose with benomyl and hot water." Australian Journal of 

Experimental Agriculture 16, no. 81 (1976): 600-603. https://doi.org/10.1071/EA9760600 
[44] Kader, Adel A. "Flavor quality of fruits and vegetables." Journal of the Science of Food and Agriculture 88, no. 11 

(2008): 1863-1868. https://doi.org/10.1002/jsfa.3293 
[45] Patanè, Cristina, Simona Tringali, and Orazio Sortino. "Effects of deficit irrigation on biomass, yield, water 

productivity and fruit quality of processing tomato under semi-arid Mediterranean climate conditions." Scientia 
Horticulturae 129, no. 4 (2011): 590-596. https://doi.org/10.1016/j.scienta.2011.04.030 

[46] Rouphael, Youssef, Mariateresa Cardarelli, Giuseppe Colla, and Elvira Rea. "Yield, mineral composition, water 
relations, and water use efficiency of grafted mini-watermelon plants under deficit irrigation." HortScience 43, 
no. 3 (2008): 730-736. https://doi.org/10.21273/HORTSCI.43.3.730 

[47] Lawson, Tamunonengiyeofori, Grantley W. Lycett, Asgar Ali, and Chiew Foan Chin. "Characterization of Southeast 
Asia mangoes (Mangifera indica L) according to their physicochemical attributes." Scientia Horticulturae 243 
(2019): 189-196. https://doi.org/10.1016/j.scienta.2018.08.014 

[48] Quaggio, José Antônio, Dirceu Mattos, and Heitor Cantarella. "Fruit yield and quality of sweet oranges affected 
by nitrogen, phosphorus and potassium fertilization in tropical soils." Fruits 61, no. 5 (2006): 293-302. 
https://doi.org/10.1051/fruits:2006028 

[49] Sozer, Nesli, and Jozef L. Kokini. "Nanotechnology and its applications in the food sector." Trends in 
biotechnology 27, no. 2 (2009): 82-89. https://doi.org/10.1016/j.tibtech.2008.10.010 

[50] Jones, Nicole, Binata Ray, Koodali T. Ranjit, and Adhar C. Manna. "Antibacterial activity of ZnO nanoparticle 
suspensions on a broad spectrum of microorganisms." FEMS microbiology letters 279, no. 1 (2008): 71-76. 
https://doi.org/10.1111/j.1574-6968.2007.01012.x 

[51] Flores, Silvia, Lucía Famá, Ana M. Rojas, Silvia Goyanes, and Lía Gerschenson. "Physical properties of tapioca-
starch edible films: Influence of filmmaking and potassium sorbate." Food Research International 40, no. 2 (2007): 
257-265. https://doi.org/10.1016/j.foodres.2006.02.004 

[52] Wardana, A. A., N. E. Suyatma, T. R. Muchtadi, and S. Yuliani. "Influence of ZnO nanoparticles and stearic acid on 
physical, mechanical and structural properties of cassava starch-based bionanocomposite edible 
films." International Food Research Journal 25, no. 5 (2018). 

[53] Mandal, Debashis, Lalrinpuii Sailo, Tridip Kumar Hazarika, and Amritesh Chandra Shukla. "Effect of edible coating 
on shelf life and quality of local mango cv. Rangkuai of Mizoram." Res. Crops 19 (2018): 419-24. 

[54] MEJÍA-TORRES, S. I. L. V. I. A., M. I. S. A. E. L. VEGA-GARCÍA, J. A. V. I. E. R. VALVERDE-JUÁREZ, J. O. S. É. LÓPEZ-
VALENZUELA, and J. O. S. É. CARO-CORRALES. "Effect of wax application on the quality, lycopene content and 
chilling injury of tomato fruit." Journal of food quality 32, no. 6 (2009): 735-746. https://doi.org/10.1111/j.1745-



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 29, Issue 1 (2022) 76-89 

89 
 

4557.2009.00284.x 
[55] Saekow, Mooktida, Matchima Naradisorn, Wirongrong Tongdeesoontorn, and Yasunori Hamauzu. "Effect of 

carboxymethyl cellulose coating containing ZnO-nanoparticles for prolonging shelf life of persimmon and tomato 
fruit." Journal of Food Science and Agricultural Technology (JFAT) 5 (2019): 41-48. 

[56] Luo, Zisheng. "Extending shelf-life of persimmon (Diospyros kaki L.) fruit by hot air treatment." European Food 
Research and Technology 222, no. 1 (2006): 149-154. https://doi.org/10.1007/s00217-005-0156-1 

 


