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Abstract

The objective of this study was to evaluate the effect of cassava starch and corn starch films on the control 
of anthracnose in avocado. The fruits were inoculated with conidia suspension and were then immersed in 
solutions with cassava starch and corn starch alone or in combination at concentrations of 1, 2, 3 and 4% 
under curative and preventive methods. The variables analysed included mean damaged area, area under 
the disease progress curve (AUDPC) and fruit fresh weight. In the preventive control method, cassava starch at 
concentrations of 2.18 and 2.24% provided lower AUDPC values with an average of 108.26 and average injured 
area of 4.23 cm2, respectively. For corn starch, lower values of AUDPC and average injured area were observed 
at a concentration of 4% with averages of 1.84 and 0.47 cm2, respectively. In the curative control method, the 
AUDPC and mean injured area were lower when the fruits were treated with cassava starch at concentrations 
of 1 and 4%. When corn starch was used, the smallest mean injured area was observed at a concentration of 
1% with a value of 0.075 cm2 and AUDPC of 1.68. In the curative method, in the combination starch + 1% starch, 
higher weight losses of 11.04 and 15.63% were observed, respectively. In the preventive form, there was no 
statistical difference between treatments. Cassava and corn starch films at the individual concentrations of 1 
and 4% and the combinations of starch + corn starch at 2, 3 and 4% formed a protective layer deposited on the 
peel of the fruits.
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Introduction
The avocado (Persea americana Mill.), which is 

native to Central America and Mexico, is cultivated in 
tropical and subtropical regions of the world. Avocado 
fruits have nutritional value because they are rich in 
proteins, fibre, minerals, vitamin A, vitamin B complex, 
vitamin C and vitamin E and have high concentrations 
of unsaturated fatty acids (Daiuto et al., 2013; Tremocoldi 
et al., 2018).

In 2019, Mexico was the world's largest avocado 
producer and exporter, with production of 3,300,889 
tons, and Brazil was the seventh largest producer, with a 
production of 242,932 tons (Faostat, 2021). However, this 
production has been limited by phytosanitary problems, 
such as postharvest diseases. Anthracnose is considered 
the main disease among postharvest avocado diseases. 
This disease reduces fruit quality and affects consumer 
acceptance and market value (Oliveira et al., 2017b; 

Sefu et al., 2015). This pathogen attacks leaves, flowers 
and fruits. Symptoms begin with small, dark brown, sunken, 
circular-shaped spots. With time, the spots progress to 
necrosis and may affect the entire fruit, making it unfit 
for consumption. At a more advanced stage of disease, 
the fruit pulp is affected, and in the presence of high 
moisture, a salmon-coloured mucilaginous mass with 
reproductive pathogen structures is formed (Kimaru et al., 
2018). The causal agent of avocado anthracnose is the 
Colletotrichum gloeosporioides species complex (Soares 
et al., 2021; Tozze Júnior et al., 2015).

Control of the disease starts in the orchard 
through the application of fungicides between 
flowering and fruiting (Fischer et al., 2011). Although 
fungicide application is effective, this practice increases 
production costs and can cause environmental and 
human contamination. Alternative products such as 
biodegradable starch-based films stand out as a viable 
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form of postharvest control as a substitute for chemical 
products. In addition, edible coatings used in postharvest 
are inexpensive and are developed from renewable 
sources, which aim to maintain the quality of useful life 
of the fruits, avoid environmental pollution and create 
a resistant and transparent barrier, giving the fruits a 
bright and attractive appearance (Campos et al., 2011; 
Jiménez et al., 2012; Mardigan et al., 2014; Oliveira et al., 
2017a).

Starch is a polysaccharide and is used in the 
formation of edible coatings because it is abundant, 
easy to use and cost effective (Vargas et al., 2008). 
Starch is composed of amylose and amylopectin chains 
with favourable properties due to its physiological safety 
and biodegradability (Weber et al., 2009). Starch serves 
as an energy reserve in many plants, including cereals, 
tubers, roots, fruits and seeds. In addition, starch is used 
in food product applications, such as adhesives, binders 
and film formers, and acts as a gelling agent, thickener 
and moisture retainer (Weber et al., 2009). The starch 
coatings most used in postharvest disease control are 
cassava starch and corn starch.

Several studies have demonstrated the efficacy 
of using starch in the control of postharvest diseases and 
the ability of starch to increase the shelf life in various fruits, 
such as mango, strawberry and papaya (Campos et al., 
2015; Moreira et al., 2017; Oliveira et al., 2016; Santos et 
al., 2011). Therefore, this study aimed to evaluate the 
control of anthracnose in avocado fruits coated with 
cassava starch and corn starch films.

Materials and Methods
Experimental site

The experiment was conducted at the Laboratory 
of Electron Microscopy and Ultrastructural Analysis of the 
Federal University of Lavras (UFLA) - MG. Avocados of 
the Breda cultivar were obtained from the Bonela farm 
located on the banks of highway BR 381 (km 727) in 
the municipality of Carmo of Cachoeira - MG. Cassava 
starch and corn starch were purchased from the local 
market, and the Tecto® SC fungicide, which contains 
thiabendazole as the active ingredient, was provided by 
Syngenta.

Isolate and monosporic culture
The Colletotrichum bredae (CML 4027) isolate, 

which was previously deposited in the Lavras Mycological 
Collection (Department of Phytopathology, UFLA), was 
used to inoculate the avocado fruits. The monosporic 
isolate culture was prepared by adding 10 mL of sterile 
distilled water to dishes containing a colony. A 10-μL 

aliquot was extracted, deposited into Petri dishes (9-cm 
diameter) containing agar-water medium and spread 
with a Drigalski loop. The Petri dishes were placed in an 
incubator (BOD) at 25 °C for 12 h under fluorescent light. 
Subsequently, germinated conidia were transferred to 
new Petri dishes containing potato dextrose agar (PDA).

Pathogenicity
For pathogenicity tests, avocados of the Breda 

cultivar were previously washed in running water and 
disinfested in 2% sodium hypochlorite (NaOCl) for 3 min. 
After this step, five holes (depth of 2 mm) were prepared 
with sterilized multi-needles, and 20 μL of suspension 
was applied at three different points at a concentration 
adjusted to 106 conidia mL-1 (Soares et al., 2017). The fruits 
were wrapped in plastic bags and incubated at 25 °C and 
90% relative humidity. The isolate was pathogenic to the 
avocado fruits and caused dark sunken spots, delimiting 
all points inoculated on the external surface of the fruits 
compared to the control, which showed no symptoms. 
Eight days after inoculation at a more advanced stage of 
the disease, the spots showed masses of salmon-coloured 
conidia.

In vivo evaluation of starch coatings for preventive and 
curative control

The effects of cassava starch and corn starch 
alone and in combination at concentrations of 1, 2, 3 
and 4% were evaluated in avocados for curative and 
preventive control.

For the curative control method, avocado fruits 
were disinfested with 2% NaOCl, inoculated with spore 
suspension at a concentration of 106 conidia mL-1, dried for 
12 h and then immersed in cassava starch and/or corn 
starch solutions (alone or combination) at concentrations 
of 1, 2, 3 and 4%. For the preventive method, the 
disinfested fruits were initially immersed in the solutions 
(Table 1), subsequently dried for 12 h and then subjected 
to inoculation. Avocados were inoculated with a 
suspension at three different points in the median region 
of the fruits using the five-hole method according to 
Soares et al. (2017). With the aid of an automatic pipette, 
20 μL of the suspension adjusted to a concentration of 
106 conidia mL-1 was deposited at each point. Next, the 
fruits were wrapped in plastic bags, which formed a 
humidity chamber of 90% humidity and 25 °C, for 48 h of 
wetting. After removing the plastic bags, the avocados 
remained on a bench for 12 h for drying at 26 ± 2 °C 
and a mean relative humidity of 60 ± 5%. The controls 
included inoculated fruits immersed in distilled water and 
inoculated fruits treated with the Tecto® SC fungicide. 
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The experiments were conducted in a completely 
randomized design with 14 treatments, four replications 

Table 1. Treatments used in the curative and preventive experiments for anthracnose control in the Breda avocado 
cultivar.

Curative and preventive treatments
T1: Control (distiled water) T8: Corn starch (2%)
T2: Fungicide (Tecto® SC) T9: Corn starch (3%)
T3: Cassava starch (1%) T10: Corn starch (4%)
T4: Cassava starch (2%) T11: (Ca) Cassava (1%) + (Co) Corn (1%)
T5: Cassava starch (3%) T12: (Ca) Cassava (2%) + (Co) Corn (2%)
T6: Cassava starch (4%) T13: (Ca) Cassava (3%) + (Co) Corn (3%)

T7: Corn starch (1%) T14: (Ca) Cassava (4%) + (Co) Corn (4%)

and one fruit per plot (Table 1).

Preparation of coating solutions
The solutions containing cassava starch and 

corn starch alone at concentrations of 1, 2, 3 and 4% 
and solutions containing combinations of cassava starch 
and corn starch at concentrations of 1, 2, 3 and 4% were 
prepared in 1 L of water, heated in a microwave (90 °C 
for corn starch and 70 °C for cassava starch) and shaken 
every 10 seconds to obtain transparent, nongranular gels. 
After cooling the gels at room temperature, avocados 
were immersed in the solutions for 1 min, drained and 
dried for 3 min, and the process was repeated three times 
(Oliveira et al., 2016). Later, the fruits were placed on 
supports and placed on the laboratory bench at 25 ± 2 
°C and a mean relative humidity of 60 ± 5% to reproduce 
commercialization conditions for 16 days (durability of 
control treatment).

Fresh weight loss
The loss of fresh matter was obtained from the 

difference between fruit weight on day 0 (initial weight) 
and that on the last day of evaluation (final weight) using 
the following equation by Coelho et al. (2017):

FWL = [(Wi-Wf)/Wi] * 100

where FWL is the fresh weight loss (%); Wi is the 
initial weight (g); and Wf is the final weight (g). The fruits 
were weighed on an analytical balance with 0.01 g 
precision, and the results are expressed as a percentage 
of the initial weight.

Anthracnose spots and statistical analyses
Evaluations were performed every two days by 

measuring the spots in two perpendicular directions with 
a digital calliper. The mean damaged area was then 
calculated in cm2 at the inoculated points. The formula 
adapted by Soares et al. (2017) was used to calculate 
the circle area:

A = πr2

where A is the mean damaged area; π is a 
constant (3.1416); and r is the mean radius of the spot.

The area under the disease progress curve 
(AUDPC) was also calculated using the formula proposed 
by Shaner & Finney (1977):

where yi is the value of the disease in the i-th 
observation; ti is the time in days in the i-th observation; 
and n is the total number of observations.

The Shapiro-Wilk test (Shapiro & Wilk, 1965) was 
applied to the data (variables mean damaged area 
and AUDPC) to evaluate the normal distribution using 
R software. In the absence of normality, the data were 
transformed using the log10 function. Next, the data were 
analysed and subjected to analysis of variance using 
Sisvar software (Ferreira, 2011). The significant variables in 
the F test (p≤0.05) for the control with cassava starch or 
corn starch alone at concentrations 1, 2, 3 and 4% were 
compared by regression, and the combined treatments 
(cassava starch + corn starch) had the means grouped 
by the Scott-Knott test at 5% probability. The graphs were 
plotted using Sigma Plot® software.

Analysis of the film action using scanning electron 
microscopy (SEM)

At the end of the experiment, samples (diameter 
of 5 mm) of the fruits treated with the films were 
collected and immersed in Karnovsky's fixative solution 
(2.5% glutaraldehyde; 2.5% paraformaldehyde in 0.05 
M cacodylate buffer, pH 7.2; and 1% 0.1 M CaCl2) for a 
minimum period of 24 h. The samples were then washed 
three times for 10 min in 0.02 M sodium cacodylate buffer 
and subjected to dehydration in a series of acetone 
solutions at concentrations of 25, 50, 75, 90 and 100%. 
After dehydration, samples were taken to the critical 
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point using the BAL-TEC CPD 030 to replace acetone with 
CO2. The obtained specimens were fixed in metal stubs 
with double-sided carbon tape, coated with aluminium 
foil, covered with gold in the BAL-TEC 050 evaporator and 
stored in a desiccator containing silica gel for observation 
using a Levo EVO 40 XVP SEM. Sample images were 
digitally generated and recorded under working 
conditions of 20 Kv and working distance of 10 mm, and 
images were edited using Corel Draw 12 software. 

Results
Effect of cassava starch and corn starch alone 

on anthracnose control in avocado
There was a significant interaction between 

the variables (AUDPC and mean damaged area) and 
starch concentrations. All coatings inhibited the mean 
damaged area and the AUDPC under the curative and 
preventive methods (Figure 1).

In the curative control method, the AUDPC and 
mean damaged area were lower when the avocado 
fruits were treated with cassava starch at concentrations 
of 1 and 4% (Figure 1A). With the aid of the first-order 
derivative of the adjusted regression model, higher 
AUDPC and mean damaged area values were found at 
the 2.40 and 2.50% concentrations, with means of 190.71 

and 14.46 cm2, respectively (1A). When corn starch was 
used, the smallest mean damaged area was observed 
at a concentration of 1%, with a value of 0.075 cm2 and 
an AUDPC of 1.68 (Figure 1B). The concentration of 2.94% 
provided a higher AUDPC value of 2.26 and a mean 
damaged area of 1.15 cm2 (Figure 1B).

In the preventive control method with increasing 
concentrations of 1 to 4% cassava starch, the AUDPC 
increased from 166.82 to 247.22, and the mean damaged 
area increased from 14.45 cm2 to 24.63 cm2 (Figure 1C). 
The first-order derivative of the regression model showed 
that cassava starch at concentrations of 2.18 and 2.24% 
provided lower AUDPC values, with a mean of 108.26 and 
a mean damaged area of 4.23 cm2, respectively (Figure 
1C). For corn starch, lower AUDPC values and mean 
damaged area were observed, with values of 1.84 and 
0.47 cm2 at 4% concentration, respectively (Figure 1D).

In addition to inhibiting anthracnose spots in 
avocados (Figures 2A and 2B), the coatings also kept 
the fruit pulp intact relative to the control. Figures 2C and 
2D show healthy avocado pulp treated with 4% cassava 
starch film or 1% corn starch film under the curative and 
preventive methods, respectively, compared to the 
untreated control immersed only in distilled water.

Figure 1. Mean damaged area by Colletotrichum bredae and area under the disease progress curve (AUDPC) in 
avocado fruits treated for anthracnose control. Curative form: cassava starch (A) and corn starch (B); Preventive form: 
cassava starch (C) and corn starch (D).
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Figure 2. Photographs of Breda cultivar avocados treated curatively with 4% cassava starch to control 
Anthracnose 16 days after inoculation. (A and B) Fruits treated curatively with 4% cassava starch alone 
or 4% cassava starch + corn starch in combination, respectively. (C) Avocado pulp treated curatively 
with control, 4% cassava starch alone or 1% corn starch alone. (D) Preventive treatment combining 
3% cassava starch + corn starch and the control (E). Symptoms of anthracnose in fruit inoculated and 
untreated and fruit inoculated and treated with fungicide Tecto® SC at 16 days after inoculation (F).

Combined effect of cassava starch + corn starch in 
anthracnose control in avocado

The combination of cassava starch and corn 
starch in the curative and preventive forms delayed 
the ripening of the fruits kept at room temperature 
and reduced the appearance of anthracnose spots 
at 16 days (Figure 2E). The AUDPC and the size of the 
spots showed the same behaviour for the fruits treated 
curatively with the cassava starch + corn starch 
combination at concentrations 2, 3 and 4%, and they 
did not differ statistically (Figure 3). The films combined 
at 2, 3 and 4% provided inhibition at the mean damaged 
area of 3.93, 1.79 and 2.34 cm2 and AUDPC of 99.00, 73.61 
and 67.93, respectively (Figures 3A and 3B). In addition, 
the results for the films did not differ from those of the 
Tecto® SC fungicide, which inhibited anthracnose spots 
with a mean damaged area of 5.31 cm2 and AUDPC 

of 101.11 (Figures 3A and 3B), resulting in improved fruit 
appearance compared to control fruits (Figure 2F).

In the preventive control method, the 
combinations of 2 and 3% cassava starch + corn starch 
were more efficient in anthracnose control and were 
significantly different from the Tecto® SC fungicide (400 
mL for each 100 L of water), which was not as efficient 
and restricted the growth of anthracnose spots to a 
mean damaged area of 18.73 cm2 and AUDPC of 206.08 
(Figures 3C and 3D).

No inhibition of the mean damaged area and 
AUDPC was found for the curative method with the 
combination of 1% cassava starch + corn starch (Figures 
3A and 3B). However, smaller spots of 9.70 cm2 (Figure 
3C) and a lower AUDPC of 133.43 were observed for 
the preventive form for this treatment compared to the 
control (Figure 3D).
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Figure 3. Average avocado damaged area under the curative method (A) and area under the disease 
progress curve (AUDPC) (B). Mean damaged area in avocado fruits under the preventive method (C) and 
AUDPC (D). TEST: control; FUNG: Tecto® SC fungicide; Ca (1%) + Co (1%): 1% cassava starch + corn starch; Ca 
(2%) + Co (2%): 2% cassava starch + corn starch; Ca (3%) + Co (3%): 3% cassava starch + corn starch; Ca (4%) 
+ Co (4%): 4% cassava starch + corn starch. *Treatments followed by the same letter do not differ statistically 
by the Scott-Knott test at 5% probability.

Fresh weight loss
The fresh weight loss was influenced by the 

types of coatings (Figure 4). In the curative method, the 
fruits coated with cassava starch and corn starch films 
(both alone and in combination) showed reduced fresh 
weight loss at 16 days of storage. The exception was for 
treatments with 3% cassava starch alone and 1% cassava 
starch + corn starch in combination, which showed 
weight loss of 11.04 and 15.63%, respectively, which did 

not differ from the control (12.91%) (Figure 4A).
Fruits treated preventively had a reduction in 

weight loss that did not differ from that of the control, 
which had a weight loss percentage of 9.74%. The most 
pronounced loss was observed in fruits treated with corn 
starch (3%), presenting a weight loss of 19.81%, which 
was significantly different from that of the other coatings 
(Figure 4B).

Figure 4. Fresh weight loss in avocados treated curatively (A) and preventively (B) at 16 days of storage. CONT: Control 
(water); FUNG: fungicide (Tecto® SC); Ca (1%):  1% cassava starch; Ca (2%): 2% cassava starch; Ca (3%): 3% cassava 
starch; Ca (4%): 4% cassava starch; Co (1%): 1% corn starch; Co (2%): 2% corn starch; Co (3%): 3% corn starch; Co (4%): 
4% corn starch; Ca (1%) + Co (1%): 1% cassava starch + 1% corn starch; Ca (2%) + Co (2%): 2% cassava starch + 2% corn 
starch; Ca (3%) + Co (3%): 3% cassava starch  + 3% corn starch; Ca (4%) + Co (4%): 4% cassava starch + 4% corn starch. * 
Treatments followed by the same letter do not differ statistically by the Scott-Knott test at 5% probability.
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Scanning electron microscopy (SEM) analysis of 
the action of films on fruits

The following films formed a protective layer 
deposited on the peel of the fruits: films composed 
of either cassava starch or corn starch alone at 
concentrations of 1% or 4% used in a curative manner; 
films composed of cassava starch + corn starch in 
combination at concentrations of 2%, 3% or 4% used in 
a curative manner; preventive application of 2% or 3% 

cassava starch alone; preventive application of 2% or 4% 
corn starch alone; and preventive application of 2% or 
3% cassava starch + corn starch in combination (Figures 
5A and 5B). This protective layer covered the stomata 
and spots, reducing gas exchange and fruit ripening 
and preventing the penetration of the germ tube of the 
fungus. The films also inhibited conidial germination and 
caused hyphal deformation, leading to delayed tissue 
colonization (Figures 5C-F).

Figure 5. Scanning electron micrographs of avocado peel fragments infected with Colletotrichum 
bredae. (A and B) Protective layer on the surface of the fruits consisting of the films of curative 4% 
Ca alone and preventive 3% Ca alone; (C and D) Non-germinated conidia and slow germ tube 
growth on the surface of fruit treated with the combination of curative 4% Ca + 4% Co; (E and F) 
Deformed hyphae delaying colonization resulting from the action of films containing 2% Ca alone 
and 3% Ca alone. Ca: cassava starch; Co: corn starch; hy: hyphae; con: conidium; gt: germ tube; 
and st: stomata.

Discussion
Coating avocado fruits using films composed 

of 2, 3 and 4% cassava starch or corn starch alone and 
films composed of 2 and 3% cassava starch + corn 
starch in combination were effective against avocado 
anthracnose and maintained fruit quality for up to 16 
days.

2, 3 and 4% cassava starch and corn starch films 
combined in the curative control, as well as the preventive 
combination of cassava starch + 2 and 3% corn starch 
were effective against anthracnose in avocado, in 
addition to maintaining the quality of the fruit for up to 
16 days.

In addition to the combination coatings being 
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effective in controlling anthracnose, the use of 1 and 4% 
cassava starch alone and 1 and 2% corn starch alone 
also reduced the mean damaged area of the fruits when 
used curatively. Similar results have been observed for 
the preservation of postharvest fruits, such as bell pepper 
when treated with 4% cassava starch (Moreira et al., 2017) 
and mango fruits when treated with 2% cassava starch 
and 4% corn starch (Santos et al., 2011). Handayani et al. 
(2018) applied cassava starch coating at concentrations 
of 3, 4 and 5% on avocado fruits and observed good fruit 
appearance, firmness and pH and prolonged shelf life. 
In a preventive manner, the individual concentrations of 
2% and 3% cassava starch and 2% and 4% corn starch 
promoted a smaller mean damaged area and AUDPC. 
Similarly, Oliveira et al. (2016) observed anthracnose 
control in papaya fruits treated with cassava starch at a 
3% concentration.

When the Tecto® SC fungicide was applied 
in a curative manner, it was more efficient than the 
preventive method, and it minimized the spots in the 
avocado fruits compared to the control. However, the 
use of a combination of 2 and 3% of cassava starch + 
corn starch in a preventive manner was more efficient 
than the fungicide used to control the disease.

Surface coatings may decrease fruit peel 
permeability, modify the internal atmosphere, reduce 
water loss, lower the fruit respiration rate and delay 
senescence, which makes the fruit more vulnerable to 
pathogenic infection, resulting in loss of cell integrity or 
tissue (Tanada-Palmu & Grosso, 2005). Cassava starch 
forms a resistant, transparent and efficient film that 
reduces water loss, maintaining the quality of fruits and 
vegetables due to the preservation of its organoleptic 
characteristics and maintenance of a good visual 
presentation (Vicentino et al. 2011). Corn starch not only 
prolongs shelf life but also preserves quality during storage 
by providing selective barriers to moisture transfer, oxygen 
absorption, losses of volatile aromas and pleasant visual 
appearance (Ghosh et al., 2015).

The combination of more than one coating based 
on polysaccharides or based on polysaccharides and a 
lipid or protein has been the target of many studies. In the 
present study, combinations of 2% and 3% cassava starch 
+ corn starch were efficient in restricting the increase 
in AUDPC and anthracnose spots in fruits treated with 
curative and preventive treatments. Several studies have 
also evaluated the effectiveness of alternative products 
in maintaining the postharvest quality of various fruits. 
Praseptiangga et al. (2017) observed the effectiveness 
of the edible coating of cassava starch with lemon 

grass essential oil (1%) on papaya quality. Ambarsari 
et al. (2018) found that the incorporation of cassava 
starch at concentrations of 1, 2 and 3% with citric acid at 
concentrations of 0.5 and 1.0% prolongs the quality and 
shelf life of tomato fruits. A coating based on cassava 
starch and chitosan at 50% inhibits the mycelial growth 
of Colletotrichum isolates and maintains the quality of 
mango tree fruits (Oliveira et al., 2017b).

During the 16 days in which the fruits remained 
at room temperature, the treatments caused an 
increasing weight loss; and the lowest loss was 5%, which 
was observed in combinations of 3 and 4% of cassava 
starch + corn starch in the curative and preventive 
forms, respectively. Similar behaviours were observed by 
Coelho et al. (2017), who found a lower percentage of 
weight loss in treatments containing 3% cassava starch 
alone and cassava starch combined with antioxidants. 
Similarly, coatings with cassava starch at 4% resulted in 
lower weight loss in bell peppers, with maximum losses of 
8.90% (Moreira et al., 2017). Lower mango weight loss was 
observed when mango fruits were treated with 2, 4 and 6% 
corn starch and 2, 4 and 6% cassava starch (Santos et al., 
2011). Lower weight loss of 4.9% was observed in mango 
fruits coated with a combination of cassava starch and 5% 
chitosan (Camarati et al., 2017). According to Chitarra & 
Chitarra (2005), starch films increase the postharvest shelf 
life of fruits by minimizing the loss of water by transpiration, 
which may be due to the high hygroscopic nature of the 
starch. Moreover, fruit coated with polysaccharide films 
can delay the weight loss due to the gel applied, which 
allows the loss of moisture before the coated fruit is dried 
(Bourtoom, 2008). In addition, starch coatings have good 
mechanical properties and good linearity of amylose 
molecules in solution, which favours good parallel 
orientation for the formation of resistant and protective 
films (Mali et al., 2010).

The following treatments were not efficient in 
minimizing spots in avocados and showed greater weight 
loss: curative application of 3% of cassava starch alone; 
curative application of the combination of 1% cassava 
starch + corn starch; and preventive application of 3% 
corn starch alone. Similarly, guava fruits coated with 2% 
and 6% cassava starch film and stored for 12 days showed 
no reduction in weight loss, and a smaller reduction was 
observed with the application of 2 and 4% pectin coatings 
(Quirino et al., 2018). Souza et al. (2009) found a greater 
weight loss of 14.7% in fruits treated with 3% cassava 
starch film. Hog plums treated with 3% cassava starch film 
presented a greater weight loss of 10.76% compared with 
the control (Freitas et al., 2017).
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Microscopy is an important tool to understand 
processes related to disease development in the host 
and to record the mode of action of alternative products 
on the structures of phytopathogens (Pereira & Pereira, 
2007). Studies have reported barriers formed by starch 
coatings that cover the stomata, restricting CO2 and 
O2 gas exchange, which may delay fruit ripening and 
prevent the development of C. bredae (Assis, 2009). In the 
present study, efficient treatments to control anthracnose 
spots created a protective layer on avocado fruits, which 
developed some striae and cracking due to moisture loss. 
Oliveira et al. (2017a) observed barriers in cassava starch-
coated papaya fruit that prevent fruit ripening and the 
development of C. gloeosporioides, and they observed 
a more complete protective layer without breaking the 
starch gel coating in a 3% film. Basiak et al. (2017) studied 
the properties of starch films and found greater thickness 
and stiffness in films with high amylose content in addition 
to forming a greater barrier to water content and gas 
exchange.

Starch coatings influence the germination 
and colonization stages of the pathogen, which may 
explain the inhibition of anthracnose spots in avocado. 
Similar results have been found in other studies. Pereira 
et al. (2011) demonstrated a direct activity in reducing 
Cercospora coffeicola mycelial germination and 
development due to the fungitoxic effect of citronella 
and cinnamon essential oils. Wall thinning, reduced 
hyphal diameter in Aspergillus niger and the absence of 
conidiophores were promoted by the action of orange 
essential oil (Sharma & Tripathi, 2006).

Conclusions
The curative or preventive coating of avocado 

pods with cassava starch and corn starch film provides 
a smaller average lesioned area of anthracnose and a 
reduction in the area under the disease progress curve 
(AUDPC). Furthermore, the coatings keep the fruit pulps 
intact, delay fruit ripening, reduce the loss of fresh weight, 
form a protective layer deposited on the fruit skin and 
influence the inhibition of conidia germination and 
hyphae deformation.
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