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Abstract: Avocados (Persea americana) are a fruit, whose shelf-life is jeopardized by rapid ripening and fungal diseases,
which heighten the necessity for postharvest treatments. The use of refrigeration during storage and transport helps delay
the ripening process and phytopathogen growth but it is not enough to attenuate the problem, especially once avocados
are placed in ambient temperatures. Fungicides are effective in controlling fungal prevalence, but their possible adverse
environmental and human health effects have spurred interest in finding safer, natural substitutes. The objective of this
paper is to review recent advances and trends in the use of edible coatings as a safe alternative to preserve and extend
avocados shelf-life.
Edible biopolymer coatings have gained considerable attention due to their ability to extend fruit and vegetable shelf-life.
These coatings are a novel type of biodegradable primary packaging made from biological compounds like polysaccha-
rides,proteins, lipids, and other polymers.Coatings are considered nonactive if they only form a physical barrier, separating
avocados from their immediate environment, controlling gas and moisture transfer. Active coatings can contain supple-
mentary ingredients with additional properties like antioxidant and antifungal activity. The application of edible coatings
shows promising potential in extending avocado shelf-life, replacing synthetic fungicides and reducing economic losses
from avocado spoilage.
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1. INTRODUCTION
Avocados (Persea americana) are a tropical fruit that is consumed

and produced all around the globe.Their significant economic im-
pact, high nutritive composition, and exquisite taste make them a
valuable commodity with high consumer demand. Hass avocados
account for 80% to 95% of total harvested avocados around the
world, making them the most important commercialized culti-
var (California Avocado Commission, 2020; International Tropi-
cal Fruit Network, 2016). Worldwide in 2017, 5.92 million met-
ric tons of avocados were produced, about a 52% increase from
the year 2000 (Statista Research Department, 2017). The top two
avocado-producing countries are Mexico and Dominican Repub-
lic, followed by others like Peru, Indonesia, and Colombia (World
Atlas, 2017). Due to the long journeys that avocados can travel
from their country of production to their country of consump-
tion, adequate preservation techniques are essential to ensure their
quality and longevity.
Aside from their economic importance, avocados have gained

significant attention due to their rich lipidic composition, a fea-
ture not commonly present in other fruits (Ranade & Thiagara-
jan, 2015). The fat fraction makes up about 15% of the total com-
position and 66.2 to 71% of it are monounsaturated fatty acids
(MUFAs). MUFAs have proved to help reduce the prevalence
of cardiovascular diseases, high cholesterol, diabetes, and obesity,
which have direct connections to modifiable lifestyle factors, like
eating habits (Bora, Narain, Rocha, & Queiroz Paulo, 2001; Car-
valho & Velásquez, 2015; Dreher & Davenport, 2013). Although
healthy fatty acids are a prominent characteristic, they are also ac-
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companied by other important bioactive compounds like folate
(81 μg), potassium (485 mg), calcium (12 mg), fiber (6.7 g), lutein
(271 μg), and others, all per 100 grams of regular weight (USDA,
2019). Carotenoids, fat soluble vitamins, and sterols have, further-
more,been linked to various health benefits, such as cancer preven-
tion, antioxidant activity, and anti-inflammatory ability (Alkhalf,
Alansari, Ibrahim, & ELhalwagy, 2018). Hass avocados have been
found to contain higher lutein and tocopherol levels than most of
the other commonly consumed fruits (Lu et al., 2009).Tocopherol
levels found in avocado extracts have been linked to the inhibition
of prostate cancer cell proliferation (Lu et al., 2005).
Despite the critical role that avocados play in the economy and

the significant role they can play in human health, many of them
never get to contribute to such benefits due to spoilage. Avoca-
dos have a relatively short lifespan and contribute to the 66% of
fruits and vegetables that go to waste annually (FAO, 2011).About
20% of avocados were reported to have spoiled at the retail level in
2012, resulting in substantial economic losses (Porat,Lichter,Terry,
Harker, & Buzby, 2018). In part, the fruit’s natural climacteric na-
ture is to blame for the rapid loss of firmness that shortens the
consumer acceptability period to only a couple of days once ripe.
Moreover, fungal prevalence adversely affects fruit quality. Persis-
tent fungal disease is a battle that farmers,growers, and the industry
must find a way to overcome.
The scope of this review is to briefly address the physicochem-

ical challenges that jeopardize avocado viability to justify the need
for postharvest treatments. Furthermore, the objective of this pa-
per is to cover novel edible coating treatments of avocados with
potential to extend avocado shelf-life and replace fungicide use.

2. AVOCADO SHELF-LIFE CHALLENGES

2.1 Climacteric nature of avocados
Avocados are a climacteric fruit that undergo the ripening

process until after harvesting. During this ripening stage, they
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experience a rise of ethylene gas production, their “natural ripen-
ing hormone” and an increase in cellular respiration (Bapat et al.,
2010). The production of ethylene gas is highly associated with
ripening due to the conversion of methionine into S-adenosyl
methionine. S-adenosyl methionine is further converted to 1-
aminocyclopropane-1-carboxylic acid, ethylene’s immediate pre-
cursor. The biosynthesis of ethylene is controlled by gas compo-
sition and surrounding temperature of the fruit (Bill, Sivakumar,
Thompson, & Korsten, 2014).
Down the line, the increase in ethylene production and respira-

tion rate is associated with facilitating the breakdown of the cell
wall; the exocarp (Defilippi, Ejsmentewicz, Covarrubias, Guden-
schwager, & Campos-Vargas, 2018). The dismantling of the ex-
ocarp becomes an avenue for the migration of water and carbon
dioxide from the fruit,out toward the environment and simultane-
ously for the entry of oxygen. Pectinases present in the fruit, such
as pectin methyl esterase, further contribute to the breakdown of
the cell wall achieving quicker loss of moisture and firmness with
increased respiration rates (Blakey, 2010). These physicochemical
changes explain the short window where avocados are acceptably
good to eat. The climacteric nature of avocados is in part heavily
responsible for the high economic losses that occur from avocados
that go to waste both at the retail and household level (Bapat et al.,
2010).Considering the value that avocados have gained in the past
decades and how that value continues to increase, the short win-
dow where avocados are of edible quality poses a real threat and
problem.

2.2 Postharvest fungal decay
Avocados’ climacteric nature and their quick enzymatic break-

down of cell wall is only part of the reason for spoilage. The pres-
ence of fungal organisms exacerbates the rate of fruit decay and
further results in consumer disapproval and economic losses (Con-
way, 1992).Colletotrichum is the fungal genus that causes the most
adverse postharvest disease, anthracnose, a type of body rot charac-
terized by dark spot lesions (Kimaru,Monda,& Cheruiyot, 2018).
This spoilage organism infects the fruit during the preharvest pe-
riod while still attached to the tree. During harvest when avoca-
dos are picked from the trees, this fungus is no longer dormant
and visible fruit decay begins (Binyamini, 2010).Temperatures be-
low 15 °C have been found to delay anthracnose propagation,
while temperatures above 24 °C accelerate it (UC Integrated Pest,
2016).
Stem-end rot, another postharvest disease that affects avocados,

is characterized by browning and sunken softening commencing at
the stalk (Maftoonazad, Ramaswamy,Moalemiyan, & Kushalappa,
2007). Multiple fungal species pertaining to the Botryosphaeriaceae
family are responsible for this disease. Neofusicoccum is one of the
main agents to cause stem-end rot. Fungal species associated with
Hass avocado stem-end rot have been characterized and 70.2% of
the isolates were Neofusicoccum parvum; avocados displayed brown
and shriveled surfaces and pulp (Guarnaccia et al.,2016).Lasiodiplo-
dia theobromae is another disease causing Botryosphaeriaceaemember.
This phytopathogen has been noted responsible for avocado stem-
end rot in many avocado-producing countries like South Africa,
United States, Israel, and Italy (Garibaldi,Bertetti,Amatulli,Cardi-
nale,& Gullino,2012).Geographical location,avocado cultivar,and
other seasonal components play a role in which fungal pathogens
are prevalent in certain avocado-producing areas more than others
(Twizeyimana et al., 2013).

3. CURRENT POSTHARVEST TREATMENTS

3.1 Cold storage
On average, it takes about 5 to 7 days for avocados to fully ripen

at room temperature (25 °C) after being harvested (Ozdemir &
Topuz, 2004). Cold storage is the simplest most effective posthar-
vest treatment utilized by the avocado industry to detain ripening
from their area of production to local grocery stores and homes
(Defilippi et al., 2018).Cold storage is known to delay fruit ripen-
ing by slowing down the respiration process and controlling the
escape of internal carbon dioxide and the entrance of environmen-
tal oxygen (Arpaia,Collin,Sievert,&Obenland,2015).Respiration
rate of avocados is cut in half for every 10 °C decrease in storage
temperature (Bill, Sivakumar, Korsten, & Thompson, 2014). Sig-
nificant metabolic components like sugars and organic acids are
metabolized less, and enzymes needed for the production of ethy-
lene gas are hindered.
Studies with Lula avocados depict the strong correlation be-

tween storage time and temperature (Hatton, Harding, Reeder,
& Campbell, 1965). Six days after harvest, 93% of avocados that
were not refrigerated were ripe, 80% of those cooled at 10 °C for
1 day were ripe, 26% of those cooled at 2 °C for 1 day were ripe,
and 0% of those cooled at 2 °C for 3 days were ripe. In addition,
low temperatures also affect respiration rate, a primary indicator of
ripening.Higher respiration rates have been noted with an increase
in storage temperature; 20 to 30 mg of produced CO2/kg/hr at
storage temperatures of 4 to 5 °C and 118 to 428 mg of produced
CO2/kg/hr at 25 to 27 °C (Biale, 1960). Aside from respiration
rate, other physiological factors related to ripening, such as fruit
color and firmness, are also affected. Avocado postharvest research
has determined that between avocados stored at 2, 5, and 8 °C for
4 weeks, the largest color change and firmness losses were observed
in fruit stored at 8 °C followed by 5 °C and lastly 2 °C (Zauberman
& Jobin-Decor, 1995).
Although the advantages of cold storage are irrefutable, exces-

sive or incorrect use of cold storage can cause chilling injuries.
Chilling injuries are characterized by discoloration of the meso-
carp and internal browning (Pesis et al., 2002). This physiologi-
cal disorder is thought to occur when low temperatures damage
cell membranes in the fruit, changing physicochemical properties.
As membrane structure becomes more permeable, there is a loss
of cellular compartmentalization resulting in ion leakage (Prabath
Pathirana, Sekozawa, Sugaya,& Gemma, 2011;Wongsheree,Ketsa,
& van Doorn,2009).Avocado browning, furthermore, is attributed
to the oxidation of phenols (Meir, Akerman, Fuchs, & Zauber-
man, 1995). Different avocado varieties are susceptible to chilling
injuries at different temperatures; with Hass avocados specifically,
chilling injuries have been observed when fruit is stored below
3 °C (Woolf, Cox, White, & Ferguson, 2003). Uneven ripening
is another physiological issue observed in avocado fruit, especially
for fruit stored for long periods of time, this can also be a con-
sequence of chilling injuries (Arpaia, Collin, Sievert, & Obenland,
2018).Uneven ripening can affect how the fruits appear physically,
as well as taste and texture attributes; these are ultimately depen-
dent on the initial conditions of the fruit, harvest dates, and the
length and temperatures of storage (Arpaia et al., 2015).
Although cold storage undoubtedly contributes to extending

avocado shelf-life by inhibiting the spoilage process, it remains in-
sufficient for a couple of reasons. First, cold storage merely delays
the ripening process, as well as the exponential growth of fungal
agents, it does not completely prevent it (Bill et al., 2014). Second,
avocados are not always stored in refrigerated environments such
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as when they are in bins at grocery stores or on kitchen counters at
the household level. In order to compensate and attempt to close
this gap, the industry has resorted to the application of different
synthetic fungicides (UC Integrated Pest, 2016).

3.2 Synthetic fungicides
The application of fungicides is an efficient measure taken to di-

minish avocado spoilage from fungal incidence.Prochloraz, an im-
idazole antifungal agrochemical, is widely used on many fruits and
vegetables as a fungi inhibitor (National Institute of Health, 2019).
With avocados specifically, it is applied in packhouses, directly to
the fruit as a postharvest aid to control prominent diseases like an-
thracnose and stem-end rot. Prochloraz is known to have potent
inhibition against Colletotrichum, Fusarium, Botrytis, Gloeosporium,
Alternaria, and Penicillium genera. Its specific mode of action in-
volves inhibition of ergosterol production, a critical building block
of fungal cell walls (Danderson, 1986). It acts by hindering fungi
respiration and impeding the production of mitochondrial ATP
(National Institute of Health, 2019). Trifloxystrobin, a Strobilurin
chemical, is another used fungicide. It is appropriate for cereals,
vegetables, and tropical fruits (University of Hertfordshire, 2019).
It is known for its competent activity in killing phytopathogens,
including Colletotrichum, Septoria, Alternaria, Phytophthora, Botrytis,
Plasmopara,Guignardia, and more (Bayer Crop Science, 2009). Tri-
floxystrobin’s specific mode of action is to interfere with fungi res-
piration, inhibiting spore germination and overall fungal growth
(Coates et al., 2002). Additionally, copper hydroxide is also used
to reduce avocado spoilage and can be applied before harvest, af-
ter harvest, or throughout both periods. It is highly effective in
controlling fungal and bacterial prevalence in a wide spectrum of
crops (CortevaAgriscience, 2020). The use of copper hydroxide,
especially before harvest, has remained a common practice due to
its effectiveness. Its mechanism of action involves its copper ions
denaturing proteins that are critical for cell functioning of phy-
topathogens, therefore,destroying them (Cornell University,2013).
From the fungicides discussed in this paper,copper hydroxide is the
only one that is considered to be organic and has been approved
in organic crop production for tree crops, small fruits, citrus, and
vegetables worldwide (Vegetable Growers News, 2018).
Although the use of fungicides allows farmers and the avocado

industry as a whole to decrease disease incidence and increase fruit
longevity, the controversial notion that these synthetic chemicals
pose potential hazards to human health is becoming more preva-
lent. Furthermore, disposal of these chemicals, like Trifloxystrobin,
and their possible runoff is also a potential concern to the health
of certain fish, aquatic vertebrates, and other forms of sea life. For
some fungicides, like copper hydroxide, their environmental effects
are still unknown (EPA, 2008). Due to the increase concern over
synthetic fungicides and their potential adverse effects to human
health and the environment, a vast amount of research looking for
alternative ways to prolong avocado shelf-life is on the rise. One
of such alternatives is the use of edible coatings to prevent fungal
growth and to extend the shelf-life of avocados.

4. EDIBLE COATINGS AS A NOVEL PRESERVATION AL-
TERNATIVE

4.1 Characteristics of edible coatings
Edible coatings have gained significant attention due to the ad-

vantageous properties they offer and their ability to extend fruit
and vegetable shelf-life. These coatings are a novel type of pri-
mary packaging made from biological compounds like polysac-

charides, proteins, lipids, and other polymers (Nussinovitch, 2013)
(Figure 1). Coatings can be made of one of these general mate-
rials, or from a composite mixture. The functional properties of
these natural ingredients have been explored and compared with
the properties of synthetic additives as potential natural alternatives
to prolong produce shelf-life (Maftoonazad et al., 2007;Obianom
& Sivakumar, 2018; Tesfay, Magwaza, Mbili, & Mditshwa, 2017).
As a result, from their biological composition, biopolymeric coat-
ings are biodegradable, another characteristic that heightens their
interest. Based on their eco-friendly factors, edible coatings have
become a popular technique not only to extend produce shelf-life
and preserve quality, but also as a replacement for petroleum-based
materials (Wool & Sun, 2005).
Coating application can take place via different methods. One

of the most common methods is dipping, in which vegetables and
fruits are submerged into the coating solution for a certain amount
of time and allowed to air dry (Iñiguez-Moreno,Ragazzo-Sánchez,
Barros-Castillo, Sandoval-Contreras, & Calderón-Santoyo, 2020;
Marino, Pinsetta JunioSidnaldo,Magalhães,& Mattiuz, 2018). An-
other is spraying, where coating solution is forced through a
spray machine onto the surface of fruits and vegetables (Cenobio-
Galindo et al., 2019). Different coating methods allow for appro-
priate application to different produce considering unique physical
characteristics like size and shape, as well as characteristics of the
coating solution, like viscosity (Atieno,Owino,Ateka,& Ambuko,
2019).
Edible coatings form physical barriers that surround fruits or

vegetables and create a barrier between them and their immediate
environment. That semipermeable barrier controls water migra-
tion, gas exchange, modifies internal atmospheres, as well as phys-
iological activities like enzymatic breakdown of cell wall and the
production of ethylene gas (Maftoonazad & Ramaswamy, 2005).
The reduction in the rate of such physiological processes results
in a delayed ripening process translating into a longer shelf-life.
Moreover, coatings can aid in lowering microbial contamination,
preserving chemical composition, and reduce the risk of mechan-
ical injury when produce is transported and stored (Dhall, 2016).
Depending on the materials used and the functional properties ex-
erted, coatings can be considered either as an active or nonactive
form of packaging (Figure 2).

4.2 Nonactive coatings
For the purpose of this review, the authors consider nonactive

coatings those that only provide a physical barrier but have no in-
gredients with additional functionalities, such as antimicrobial or
antioxidant compounds. Table 1 lists nonactive coatings that have
been applied to avocados to extend shelf-life.Decreases in respira-
tion and ethylene production have been achieved as the result of
applying edible barriers (Aguilar-Mendez, San Martin-Martinez,
Tomas, Cruz-Orea, & Jaime-Fonseca, 2008; Tesfay et al., 2017).
Coated fruits have also shown lower volume of disease severity
(VDS) than controls, confirming that the modification of the in-
ternal atmosphere was indeed connected to fungal suppression.
When avocados are unripe, the pH of the mesocarp is low, an ad-
verse environment for fungi establishment. If coatings are hinder-
ing ripening of the fruit by slowing down respiration rate, they are
also maintaining a lower exocarp pH unfavorable to fungi (Yakoby,
Kobiler, Dinoor, & Prusky, 2000).
In particular, pectin-based emulsion coatings made from 3%

(w/w) pectin solution and 40% melted bees wax have been
utilized in an attempt to extend the shelf-life of avocados
(Maftoonazad et al., 2007). After 96 hr of applying the coatings,
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Figure 1–Materials for fabrication of biopolymeric and edible coatings. Adapted from Parreidt, Müller, and Schmid (2018)

Table 1–Summary of nonactive edible coatings applied to avocados.

Coating materials Mode of action Results References

Pectin Physical barrier reducing water
migration, gas exchange, and
overall ripening

-Respiration rate coated 277 mm3/g, uncoated measured
488 mm3/g

-Firmness of the control treatment decreased 40% faster
than the treatment with the coatings

-Coated fruits had a lower VDS than the control

Maftoonazad et al.
(2007)

Methylcellulose Physical barrier reducing water
migration, gas exchange, and
overall ripening

-Coated fruits lost 4 g/100 g of moisture, control lost 8
g/100 g

-Coated fruits reached their maximum CO2 at after 8 days,
control at 6 days

-Control lost half of starting firmness in 5 days, coated in
10 days

Maftoonazad and
Ramaswamy (2005)

Gelatin-starch Physical barrier reducing water
migration, gas exchange, and
overall ripening

-Weight loss was reduced by up to 31%
-Fruit firmness was retained by up to 50%
-Rate of change of L* and a* values was slower
-Coated avocados reached maximum CO2 levels 3 days
after the uncoated avocados

Aguilar-Mendez et al.
(2008)

Cassava starch Physical barrier reducing water
migration, gas exchange, and
overall ripening

Avocados coated with 4% cassava starch:
-Lost the least amount of weight
-Experienced the least color change
-Retained the highest firmness

Solís Jimenez et al.
(2015)

coated avocados stored at 20 °C showed a respiration rate of 277
mm3/g, while the uncoated measured 488 mm3/g. The firmness
of the control treatment decreased 40% faster than the treatment
with the pectin-based coatings. Firmness is directly associated
with ethylene gas production; its biosynthesis is inhibited with

the unsuccessful conversion of methionine into S-adenosyl me-
thionine, one of its largest precursors (Bill et al., 2014). In another
example, gelatin-corn starch films have also shown positive results
in shelf-life extension of Hass avocados (Aguilar-Mendez et al.,
2008). In coated avocados, weight loss was reduced by up to 31%,
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Figure 2–Proposed functional properties of
nonactive and active edible coatings on avocados

fruit firmness was retained by up to 50%, and rate of change of
L* and a* values was delayed. Delayed L* values signify a slower
transition to a dark brown color and a* values, corresponding to
green-red coordinates,confirmed that coated avocados maintained
more negative values indicating a greener color. This change in
color is dictated by specific pigment concentrations present
during the different stages of ripening. Higher concentrations of
anthocyanins, one in particular, cyanidin -O-glucoside, have been
found to be primarily responsible for the dramatic skin color
change when avocados are ripe (Ashton, Wong, McGhie, Vather,
& Wang, 2006; Cox, Mcghie, White, & Woolf, 2004). A slower
change in these color pigments indicates slower ripening. The
research determined that coated avocados ripened more gradually
and reached maximum CO2 levels 3 days after the uncoated
avocados.
Moreover, edible methyl cellulose-based coatings were similarly

explored and were found to extend Hass avocado shelf-life and
retain overall quality. By day 6 of storage, coated fruits only lost
4 g/100 g of moisture, while control lost 8 g/100 g. Coated fruits
reached their maximum CO2 levels after 8 days,while the control
group did so at 6 days. The control group also lost half of start-
ing firmness in 5 days, while coated did in 10 days (Maftoonazad
& Ramaswamy, 2005). Cassava starch has also been investigated as
an edible coating ingredient for Hass avocado fruit. Coatings with
2, 3, and 4% cassava starch were applied to avocados, and firmness,
weight loss, and color were observed (Solís Jimenez,Pineda Salazar,
Mosquera Sánchez,Hoyos Concha,& Villada Castillo, 2015).Un-
coated fruit lost 93% of the original firmness compared to 62%,
58%, and 47% for avocados coated with 2, 3, and 4% starch, re-
spectively. Avocados coated in 4% starch lost the least amount of
weight, 20.87% by day 18 of storage, while control avocados had
already been discarded by day 14. A negative correlation was seen
with percent of cassava starch in the coatings and color change;
coatings with 4% starch experienced the least color change.

The nonactive coatings discussed in this section share a similar
mode of action to slow down fruit metabolic activities.Despite the
lack of active ingredients, they form a physical barrier between the
fruit and its environment where the exchange of gasses and trans-
fer of water vapor are blocked. These types of coatings extend
fruit shelf-life by hindering respiration rate, lowering gas transmis-
sion, and decreasing moisture loss, all directly connected to slower
ripening (Dhall, 2016).
Certain strengths and weaknesses accompany the discussed non-

active coatings that should be considered.Materials that are starch
and cellulose based are abundant in nature and, therefore, are
inexpensive (Handayani, Karlina, Sugiarti, & Cakrawati, 2018;
Maftoonazad & Ramaswamy, 2005). They can be ideal to be used
and integrated into the supply chain at low cost. Cassava starch,
pectin, and methylcellulose are also materials that can yield coat-
ings that are odorless, colorless, and with moderate strength,which
are important characteristics of a desirable coating (Maftoonazad
& Ramaswamy, 2005;Md Nor & Ding, 2020; Solís Jimenez et al.,
2015). On the other side, the lack of active ingredients that can
deliberately target fungal decay and pulp browning is a drawback
as these are two important detrimental factors in preserving avo-
cados.

4.3 Active coatings
Active packaging is defined by packaging material that offers ad-

ditional advantages and supplementary functions besides the nor-
mal physical safeguard (Bastarrachea,Wong,Roman, Lin, & God-
dard, 2015). Much of the research with edible coatings uses this
type of packaging as it goes a step beyond only providing a physical
barrier between the fruit and its environment (Table 2).The func-
tional properties observed in nonactive coatings remain in active
coatings along with the properties of included functional ingre-
dients. Browning and fungal decay are significant concerns with
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Table 2–Summary of active edible coatings applied to avocados.

Coating materials Mode of action Results References

Carboxymethyl cellulose
and moringa extract

Lipophilic compounds in moringa
extracts bind to cytoplasmic
membrane, increasing permeability,
retarding growth

-Reduced of mass loss, firmness loss, and respiration rate
-Inhibition of 43.6% and 42.9% against C. gloeosporides and A.
alternata, respectively

Tesfay et al. (2017)

Chitosan and thyme
essential oil

Essential oil alters membrane
permeability of fungi

-Fungicidal activity against C. gloeosporides
-Reduced disease by 60%

Correa-Pacheco
et al. (2017)

Gum arabic, aloe vera,
chitosan, and thyme oil

Phenol content in thyme oil increases
antioxidant capacity and scavenging
activity

Phenol content in thyme affects
activation sites of fungal enzymes
and cellular metabolis

- Reduction of anthracnose disease surface by up to 25.1 mm Bill et al. (2014)

Candelilla wax and ellagic
acid

Phenolic compounds in ellagic acid
serve as antioxidants protecting
against the establishment of fungi

-Less weight loss
-Less color change
-Retention of firmness
-CFU reduced from 3,373 to 40 per pulp gram

Saucedo-Pompa
et al. (2009)

Chitosan and propolis Flavonoids, phenolic acids, and
quinones provide antimicrobial
activity creating unfavorable
environments for pathogens

- In-vitro growth inhibition of C. gloeosporides by 100%
- Avocados coated with 1.5% chitosan retained highest
firmness

- No significant difference in reducing fungal growth
between chitosan alone and with propolis

Marino et al.
(2018)

Orange essential oil (Citrus
sinensis) and Xoconostle
(Oputina oligacantha)
extract

Essential oils act as signaling
compounds increasing antioxidant
activity

-Increased firmness retention
-Higher phenolic content
-Lower PPO activity
-No significant difference in L values between treatments

Cenobio-Galindo
et al. (2019)

Chitosan and pepper
(Schinus molle) essential
oil

Schinus pepper damaged spore
membranes, destroying integrity
resulting in death due to
homeostatic disequilibrium

-Coated avocados lost less water and firmness
-Coated fruit had a 96% C. gloeosporides inhibition

Chávez-
Magdaleno et al.
(2018)

Sodium alginate and
Meyerozyma caribbica

Volatile compounds released from M.
caribbica destroy plasma membranes
and denature proteins necessary for
metabolism

-Fungal incidence was reduced by 50% at ambient storage,
while 100% inhibition at cold storage

-Control lost more weight at both storage conditions

Iñiguez-Moreno
et al. (2020)

Cassava starch and bay leaf
extract

Bay leaf extract acts as antioxidants,
preserving avocado quality

-Coated avocados lost the least weight
-Coated avocados respired less and changed the least in color

Handayani et al.
(2018)

Moringa extract, gum
arabic, and
carboxymethyl cellulose

Moringa extract disrupts the growth
and propagation of fungi

-Coated avocados lost the least mass
-Coated avocados retained the highest firmness
-Moringa extract suppressed the growth of C. gloeosporides

Kubheka et al.
(2020)

Figure 3–Physical appearance of avocados coated
in ellagic acid and candelilla wax (A), candelilla
wax (B), and no coating (C) after 6 weeks at
5 °C and RH 45% (Saucedo-Pompa et al., 2009)

avocado fruit, therefore, the addition of compounds with antioxi-
dant and antimicrobial activity is common.
Candelilla wax, a hydrophobic matrix with vegetable origin,

and ellagic acid, a phenolic compound commonly found in many
fruits, showed significant resistance to Colletotrichum gloeosporides
decay and overall promising results in maintaining avocado quality
(Saucedo-Pompa et al., 2009). Avocados were coated with either
candelilla wax and ellagic acid, only wax, or water. Those coated
with both the wax and ellagic acid lost the least amount of weight,
retained the highest brightness values, were the firmest after the
6-week shelf-life study,and retained the most organoleptic proper-
ties (Figure 3).Additionally, this treatment also had the least fungal
CFU per gram, 40 after 240 hr, while the control displayed 3,373
CFU after the same time. The observed antifungal activity is ex-

plained by the phenolic nature of ellagic acid exerting antioxidants
activity, protecting against the establishment of fungi.
Furthermore,moringa tree extracts have been evaluated for their

antifungal effects for avocado shelf-life extension.One study used
carboxymethyl cellulose (CMC) and moringa tree, ethanolic leaf
and methanolic seed extracts and applied them as edible coat-
ings to Hass and Gem avocados (Tesfay et al., 2017). CMC (1%
w/w) was blended with either 2% ethanolic leaf extract or 2%
methanolic seed extract; avocados were coated and refrigerated
for 3 weeks and then stored at room temperature. The treatment
with the leaf extract had a 2% mass loss, while the one with the
seed extract a 1.6% loss and the control a 5% loss. The leaf extract
treatment resulted in higher firmness (50N) in comparison to the
seed extract treatment (30N) and also in higher antifungal activity
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inhibiting 42.9% of Alternaria alternata and 43.6% ofC.gloeosporides
mycelial growth. Lipophilic compounds in moringa extracts are
known to efficiently bind to fungi cytoplasmic membranes, in-
creasing permeability and retarding growth. Another study also
looked at moringa leaf extract with gum arabic (GA) and car-
boxymethyl cellulose (CMC) coatings forMaluma avocados (Kub-
heka,Tesfay,Mditshwa,& Magwaza,2020).Coatings were made of
either 10 or 15% GA, with and without moringa extract and 1%
CMC with moringa extract.Coatings with GA 10% and moringa
extra or with CMC 10% and moringa demonstrated the best abil-
ity in reducing mass loss (3.66%) and retaining the highest firm-
ness (62.37N). Avocados coated with GA 10% with moringa and
GA 15% with moringa suppressed growth of C. gloeosporides by 28
and 33%, respectively. Similarly, as in the previous study, authors
postulate that phytochemical constituents in moringa extract like
phenols, alkaloids, and tannins disrupt the growth and propagation
of fungi.
Nanoemulsion-based coatings made of Xoconostle, a fruit of

Mexican origin rich in phenolic compounds that show strong an-
tioxidant activity, and orange essential oil were also assayed as a
possible avocado postharvest quality aid (Cenobio-Galindo et al.,
2019).The water-in-oil emulsions contained 70% orange oil, 10%
xoconostle extract, and 20% soy lecithin. Avocados with coatings
made of 50% nanoemulsion (N50) and 25% nanoemulsion (N25)
retained the highest phenolic content and N25 had the lowest
polyphenol oxidase (PPO) activity correlating to higher antiox-
idant activity and less browning. The observed low browning and
low PPO activity is a result of the essential oils acting as signal-
ing compounds, increasing antioxidant activity present in the fruit.
Fruit coated with N50 exhibited high firmness at 39.66 ±6.40N
and so did N25 at 42.66 ± 4.88N, at day 30, compared to the
control avocados and those coated with 100% emulsion.
Chitosan, a positively charged polysaccharide extracted from

the exoskeleton of crustaceans, has been extensively studied as a
postharvest antipathogenic compound. Its antipathogenic activity
results from its cationic composition that disrupts anionic microor-
ganism membranes (Divya, Smitha, & Jisha, 2018). Coatings made
of GA (10%), chitosan (1%), and aloe vera (2%) alone or together
with 1% thyme oil resulted in the preservation of avocado quality
(Bill et al., 2014). The highest firmness retention was observed
in the avocados coated with chitosan and thyme oil (18.1 N),
followed by fruit coated with aloe vera and thyme oil (15.5 N).
Effective antifungal activity against C. gloeosporides was also ob-
served. Coatings formulated from chitosan and thyme oil yielded
fungicidal effects, while coatings made of aloe vera, chitosan, GA,
and GA with thyme oil only had fungistatic ability. Authors con-
cluded that the phenol content in thyme oil was responsible for
better antioxidant capacity and scavenging activity resulting in en-
hanced fungal resistance. Similar results were achieved in another
study with coatings made of chitosan and thyme oil nanoparticles
(Correa-Pacheco, Bautista-Baños, Valle-Marquina, & Hernández-
López, 2017).Nanoparticles with 5% thyme oil showed fungicidal
activity and coatings containing 55% nanoparticles inhibited C.
gloeosporides in avocados by 60%. This fungal inhibition was ex-
plained by an increase in fungi membrane permeability caused
by the thyme oil. In addition, pepper tree (Schinus molle) essential
oil chitosan-loaded nanoparticles have also been used to control
postharvest decay (Chávez-Magdaleno,González-Estrada,Ramos-
Guerrero, Plascencia-Jatomea, & Gutiérrez-Martínez, 2018). Chi-
tosan nanoparticles and chitosan-pepper oil nanoparticles coated
avocados lost less water and firmness when compared to avoca-
dos not coated with the nanoparticles. Coated fruit had a 96% C.

gloeosporides inhibition and results did not show a significant differ-
ence between nanoparticle coatings with or without the pepper es-
sential oil.C.gloeosporides inhibition was explained by Schinus pep-
per’s ability to damage spore membranes, destroying integrity, and
resulting in death. In another study, chitosan with propolis, a com-
pound with natural antimicrobial properties, was also evaluated
(Marino et al., 2018).A mixture of 1.5% chitosan and 2.0% propo-
lis inhibited in-vitro growth of C. gloeosporides by 100%.Flavonoids,
phenolic acids, and quinones were responsible for providing an-
timicrobial activity, creating unfavorable environments for fungal
survival. In-vivo tests, on the other hand, demonstrated that avoca-
dos coated with 1.5% chitosan retained the highest firmness. Fur-
thermore, 1.5% chitosan coatings were not significantly different
from 1.5% chitosan +2.0% propolis in reducing fungal growth.
Edible coatings made of cassava peel and bay leaf extract re-

sulted effective in extending avocado shelf-life (Handayani et al.,
2018). Avocado fruit was coated in 5% cassava peel starch with ei-
ther 3, 4, or 5% bay leaf extract. All avocados with edible coatings
lost the least weight compared to the control, with 4% bay leaf
extract working the best. Avocados coated with coatings contain-
ing 5% bay leaf extract respired the less and changed the least in
color. Authors theorized that flavonoids, selenium, vitamin A, and
vitamin E found in bay leaf extract act as antioxidants, preserving
avocado quality.
The incorporation of yeast into edible films to attenuate fungal

growth has also been investigated (Iñiguez-Moreno et al., 2020).
Meyerozyma caribbica (1 × 109 CFU/mL) was entrapped in 1.5%
sodium alginate coatings, which were applied to two sets of av-
ocados; one observed for 7 days at 25 °C and one for 20 days at
6 °C. Control group lost 2% more weight at 6 °C and 3.7% at
25 °C. Fungal incidence was reduced by 50% at ambient storage
compared to the control, while 100% inhibition was observed at
cold storage. Alcohols (1-butanol, 3-methyl, and phenethyl alco-
hol) and esters (ethyl acetate and isoamyl acetate) were the main
volatile compounds found to be released from M. caribbica respon-
sible for the inhibition of C. gloeosporides. The alcohols released are
of high toxicity to fungi, which can destroy plasma membranes
and denature proteins necessary for metabolism.
Active edible coatings show effective results in mitigating fun-

gal decay and slowing down total fruit ripening. The addition of
active compounds, most commonly essential oils, phenolic com-
pounds, and cationic polymers, such as chitosan, displays modes of
action directed particularly toward controlling fungal decay.Over-
all, these components target fungal cytoplasmic membranes, dam-
aging them by increasing permeability and ultimately interfering
with microorganism growth. Some of the active ingredients like
flavonoids and phenolic acids further provide antimicrobial activity
by creating unfavorable environments for pathogen establishment
with low pH, high scavenging activity, and damaged active sites of
enzymes needed for fungal viability.
As with nonactive coatings, certain strengths and weaknesses

should similarly be noted with active coatings and their respec-
tive materials. All discussed active ingredients in this review had
effective results in tapering fungal decay and fruit discoloration,
the two largest challenges the avocado industry faces besides the
rapid ripening of the fruit. Chitosan, the most used component in
these active coatings, although a successful antimicrobial, is also an
allergen due to its shellfish origin (Waibel, Haney, Moore, Whis-
man, & Gomez, 2011). This could be a concern that could affect
its incorporation into the supply chain. Furthermore, an effective
antifungal like moringa extract does not have an effective and ap-
propriate extraction method thus far (Tesfay et al., 2017), keeping
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it from being readily accessible.While the addition of essential oils
in active coatings has proven effective to extend the shelf-life of
avocados, to the best of the authors´ knowledge, the sensory ef-
fects of using essential oils in avocados have not been thoroughly
explored. Sensory analyses have been conducted for other fruits
treated with essential oils yielding contradictory results. In studies
where plums were coated with oregano and rosemary oils (An-
drade et al., 2017), tomatoes with oregano oil (Rodriguez-Garcia
et al., 2016), and cherry tomatoes with mint essential oil (Guerra
et al., 2015), no significant impacts on the aroma and overall ac-
ceptability were found. On the other hand, Sánchez-González,
Vargas, González-Martínez, Chiralt, and Cháfer (2011) and Ansah
Herman,Wang, Senyo Fometu, Shittu, and Ayepa (2019) summa-
rized in their respective reviews the negative sensory impacts that
lemon grass,oregano,and thyme essential oils have shown in coated
pineapples, oranges, and carrots, respectively. These contradictory
results highlight the need of further research into the sensory ef-
fects that essential oils might present when used in coatings for
avocados. It is also important to note that the application of com-
patible essential oils to the type of fruit might be a good alternative
to mitigate the negative sensory impacts (Sánchez-González et al.,
2011)

4.4 Commercial avocado coatings
Avocado coatings have already successfully been adopted into

the commercial supply chain. Apeel Sciences, a startup in Cali-
fornia, is the leading company to design and implement protec-
tive coatings on various products, an important one being avocado.
Their treated avocados are available at grocery stores throughout
the United States and are projected to be available internationally.
Coating formulas are made from by-products of the food indus-
try, such as pear stems and grape skins (Lutkin, 2019). Cutin, a
waxy substance found in plant cuticles with high water repelling
activity, is an important component in Apeel’s coatings (Perez,
Rogers, Bakus,Holland,& Du, 2017).These commercial coatings,
like many of those in the discussed research studies, have a similar
mechanism of action.Moisture is locked in and oxygen out, delay-
ing ripening activity.Apeel avocados last up to two times untreated
avocados, significantly increasing edible time frame for consumers
(Apeel Sciences, 2020).

5. CONCLUSIONS AND PERSPECTIVE
Devising the perfect technique to effectively address all the chal-

lenges that avocados encounter, that is safe, and is entirely accepted
by consumers is a demanding and elaborate task. Cold storage is
the simplest way to extend avocado shelf-life at least by a month,
depending on exact parameters.Unfortunately,cold storage merely
delays ripening and fungal growth, it does not prevent the in-
evitable decay.This is problematic when avocados are shipped over
long distance and when they are no longer kept in refrigerated
conditions, such as grocery stores or homes. Fungicides are ef-
fective in controlling fungal prevalence, but their possible adverse
environmental and human health effects have spurred interest in
finding safer, natural substitutes.
Edible coatings show promising results in extending avocado

shelf-life by hindering fungal decay and preserving physicochem-
ical properties. Nonactive coatings made of polysaccharides and
proteins rely on a physical coating that modifies the internal atmo-
sphere of avocados preventing the transfer of water and exchange
of gases.Consequent decrease in respiration rate, color change, and
loss of firmness follow. In comparison to nonactive coatings, active
edible coatings with additional ingredients demonstrate a superior

ability to extend avocado shelf-life as they go a step beyond creat-
ing a physical barrier around the fruit. Besides delaying ripening,
coatings with plant extracts and organic molecules show demon-
strated activity in attenuating fungal incidence, a large challenge
with avocado fruit. The discussed active ingredients incorporated
in the coatings share a common strategy to discontinue fungal
growth by one of two ways. One, by directly rupturing fungal
membranes and terminating presence via cytoplasmic leakage or
two, by creating an environment unfavorable to fungi establish-
ment.
With the rise of research in edible coatings for avocados and

other highly perishable fruits, one can assume that avocado preser-
vation will be moving away from the use of synthetic compounds
that are increasingly rejected by consumers and governmental or-
ganizations to the use of coatings made from natural ingredients.
There are, however, barriers to the adoption of edible coatings, in-
cluding the need for integration into the supply chain considering
financial feasibility.The effectiveness of edible films will vary based
on factors like avocado cultivar, stage of maturity, area of produc-
tion, and any other methods that are applied simultaneously or at
another time, such as refrigeration and storage in control atmo-
spheres. Thus, the coating strategies must be meticulously evalu-
ated in order to select proper coating materials and techniques for
avocado preservation.
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