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Abstract: Guava (Psidium guajava L.) fruit is also known as the apple of tropics, belongs to the family
of genus Psidium, and is widely cultivated in tropical zones of the world. Recently, the importance
of guava fruit has increased due to its inherent nutritional content, pleasant aroma, excellent flavor,
and delicious taste. It is considered an excellent source of nutrients and phytochemicals. Guava
is a climacteric fruit that continues to mature or ripen even after harvest, showing an increase in
the rate of respiration and metabolic activities within a short period, leading to rapid senescence
or spoilage of fruit. It has limitations in terms of commercialization due to short storage life after
harvest and sensitivity to diseases and chilling injury during the storage period. Many postharvest
technologies such as edible packaging, modified atmosphere packaging (MAP), composite packaging,
controlled atmosphere packaging (CAP), antimicrobial/antifungal packaging, and nano packaging
have been used to retard the chilling injury and enhance the keeping quality of guava fruits during
the storage period to control respiration rate, reduce weight loss, minimize lipid oxidation, and
maintain organoleptic properties. However, these packaging technologies have varied effects on
the internal and external quality attributes of guava fruits. This review, therefore, discusses the
physiology, mechanism of ripening, oxidation, and ethylene production of guava fruits. The review
also discusses the packaging technologies and their effect on the postharvest characteristics of guava
fruits during the storage period.

Keywords: physiological disorder; oxidation; packaging technologies; MAP and CAP; edible packaging;
nano and smart packaging; shelf-life extension
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1. Introduction

Guava (Psidium guajava L.) is considered one of the most vital fruits, is also known
as the apple of tropical and subtropical countries, and has experienced high consumer
demand [1–4]. In the last decade, the demand for minimally processed agriculture and hor-
ticultural products with freshness, nutritional quality, and safety has increased worldwide
among consumers [5]. The commercial demand for guava fruits is increasing due to their
inherent nutritional content, pleasant aroma, excellent flavor, and delicious taste. It contains
a good amount of ascorbic acid; pectin; dietary fibers; and minerals such as iron, calcium,
and phosphorus. The presence of phytochemicals in guava has serum-cholesterol-lowering
properties and hepato-protective effects on human health [6–9]. Guava is generally con-
sumed fresh, or converted into different value-added products such as jam and jellies, and
production of guava is estimated to be 4.05 million metric tons in 2017–2018 [10]. The
most popular and commercial varieties of guava fruits are Allahabad Safed, Luckone-49,
Nagpur Seedless, Dharwar, Baraipur, etc. [3,11]. Guava is a climacteric fruit that continues
to mature or ripen even after harvest, showing an increase in the rate of respiration and
metabolic activities within a short period of time, leading to rapid senescence or spoilage of
fruit. Due to its limited postharvest shelf life and sensitivity to diseases and chilling injuries
during storage, it poses constraints for commercialization. Usually, it has short postharvest
shelf life of 3–4 days at 25 ± 2 ◦C and 2–3 weeks at 7–10 ◦C, while storing it below 13 ◦C
results in chilling injuries [11–18].

The post-harvest losses of guava in developing countries are to tune of 20–40% of
the produce. In countries such as India, among fruits, the maximum post-harvest losses
occur in guava fruit (nearly 18.1%), including 4.1% storage losses and 3.7% packaging and
transportation losses [19]. Due to lack of packaging facilities and the improper storage of
guava, there is a huge loss in physiological weight, changes in total soluble solid (TSS),
and vitamin C, and guava-browning has been widely documented in the literature. Many
researchers have concluded that the rate of oxygen consumption and the evolution of
CO2 and ethylene production during the packaging and storage of fruit play a major role
in extending shelf life [3,7,20–25]. Modified atmospheric packaging (MAP), controlled
atmospheric packaging (CAP), and edible packaging have significantly controlled the
deterioration of fruit for a longer period of time by maintaining the proper gaseous environ-
ment around the fruit [18,26–28]. These technologies are aimed at reducing the respiration
rate and transpiration rate and subsequently degrade the speed of biochemical reaction
occurring during the storage of fruit. MAP and CAP technologies make use of polymeric
films such as LDPE and PP, for the packaging of guava. These films are made up of plastic
and possess a threat to the environment and human beings [24,29–31]. So, to minimize the
risk associated with plastic-based film, the use of biodegradable films and edible coatings
has become popular in recent times. Edible films and coatings are the new trends for the
coating of guava, to extend its shelf life [32–38]. The relevant studies on different types
of novel postharvest management strategies and packaging technologies for the shelf-
life extension of guava fruits have included searches using different data bases (Scopus,
Web of science, PubMed, Google Scholar, Research Gate, etc.). In this regard, more than
300 research articles, review articles, and book chapters were identified, and 180 studies
were found relevant and cited as references in the current review. There is no dedicated
review available on recent advances in packaging that exclusively talks about the packaging
of guava with an emphasis on recent developments in the edible coating of guava. Keeping
all these in view, this review aims at reviewing (i) the mechanism associated with the
respiration rate and transpiration rate of guava; and (ii) recent developments in packaging
technologies (MAP, CAP, edible films or coatings) and their influence on the post-harvest
management of guava fruits.

2. Physiology of Guava Fruits

In the guava plant, flowering and fruiting occur throughout the year under tropical
and subtropical climates. The growth curve of guava fruit is depicted as double sig-
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moidal growth and can be divided into three distinctive stages: (i) fast phase of growth
that takes place just after anthraces and generally for 45–60 days; (ii) slow growth rate
phase, which is generally for 30–60 days and characterized by hardening and matura-
tion of seeds; (iii) exponential phase, in which fruit attain maturity and time period is of
30–60 days [3,39,40]. Maturity is a stage of fruit development at which quality attributes
such as firmness, nutrition value, and appearance (color, shape, and size) are acceptable
to the consumers. The maturity of guava fruit depends upon the number of days from
full bloom to the day till it reaches the harvest maturity, which varies from variety to
variety and environmental conditions, for instance, it is generally 120–150 days during
the spring season and 90–105 days for the winter season [3,24]. For proper storage and
packaging of guava, the fruit should be plucked at optimum harvesting maturity, which is
determined by measuring the maturity indices. Maturity indices such as specific gravity,
visual appearance, firmness, and chemical composition are indicators for the development
of the marketable quality of guava during the ripening process. Guava is having four
maturity indices such as mature green, turning green, ripe, and overripe [11,24,41,42].

2.1. Mechanism of Ripening

Ripening of guava is a series of physiological, biochemical, structural changes that
occurs in unripe fruit, which makes it more palatable with good quality attributes such
as shifting of skin color from green to yellowish tint, softening of texture, development
of characteristic aroma, and flavor in the fruit. Figure 1 shows the mechanism of fruit
ripening during the storage period. The change in skin color during guava ripening is
attributed to the presence of chlorophyll and carotenoids pigments, which vary from
variety to variety. The production of ethylene in fruits induced the loss of chlorophyll,
anthocyanin, and other activation of enzymes, i.e., PPO/POD [43]. Bouzayen et al. [44]
reported the ripening of the fruits as a result, in which physiology and biochemistry of
the organs are developed to influence the properties of fruits such as texture, flavor, color,
aroma, and appearance. Jain et al. [3] reported the total carotenoid content in guava cv.
Banarsi Surkhai was increased from 0.34 to 0.45 (mg/100 cm2), whereas chlorophyll content
decreased from 1.24 to 1.01 (mg/100 cm2) during the storage period. During ripening,
guava becomes sweeter due to the degradation of starches and increases in total sugars
due to the breakdown of starches into monosaccharides predominately fructose. Another
important event in ripening is softening of fruit texture, which is due to the carbohydrate’s
hydrolysis (such as cellulose, pectin, lignin, and hemicellulose) by enzymes and which is
responsible for cell wall degradation such as polygalacturonase (PG), cellulose, and pectin
methyl esterase. Abu-Goukh and Bashir [45] reported PME, PG, and cellulose enzyme
activity during ripening of 45–55, 90–120, and 110–125 units/g of guava fruit weight.

2.2. Perishability and Storage Life Challenges

Guava is predominately considered as a climacteric fruit, although there are certain
varieties of guava that show non-climacteric behavior as well [3,11,21,40,45–48]. The critical
factors for the higher perishability of guava are attributed to an early increase in the
respiration rate and biosynthesis of ethylene after the harvest. Guava fruits have shorter
shelf life due to higher water content, higher sensitivity, perishability, decay, and higher
rate of softening [49]. Jha et al. [19] have reported that for postharvest losses in fruits and
vegetables, guava fruits have maximum losses (15.88%). The guava fruits undergo different
types of physiological changes during pre- and postharvest, which speed up their rate of
respiration, ripening process, ethylene production, and deterioration effects. In addition,
the environmental factors along with physical injuries have a negative impact on the guava
shelf life and quality attributes like changes in physiochemical and organoleptic properties
during the storage. [50]. In order to encounter these losses, the application of postharvest
emerging technologies is effective to enhance storage life of guava fruits while maintaining
the other quality attributes.
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Figure 1. Mechanism of fruit ripening (modified from Bouzayen et al. [44]).

2.3. Rate of Respiration

Guava fruit is a biological system that continues to live even after the harvest from
the metabolic energy derived primarily due to the process of respiration. Respiration is
a catabolic process that occurs in the tissues of fruits and vegetables in which complex
macro biomolecules such as carbohydrates, proteins, and fats are broken down into small-
molecule such as carbon dioxide (CO2) and water (H2O), with a release of metabolic energy.
For instance, glucose (C6H12O2) present in cells of guava is converted into carbon dioxide
(CO2) and water (H2O) in the presence of oxygen (O2).

C6H12O2 + 6 O2 → 6 CO2 + 6 H2O + energy (1)

Respiration is considered to be a critical factor to maintain the postharvest life of guava
fruit, as after harvesting of fruit the process of respiration hastens the exhaustion of stored
food reserves to maintain cellular organization, membrane permeability, transportation of
metabolites, etc., leading to the progression of senescence and quality deterioration [51].
Therefore, a proper understanding of respiration and its rate is critical for developing shelf-
life extension technologies for guava fruits. The respiration rate of guava depends on the
gaseous exchange of O2 and CO2 concentrations around the product atmosphere and time
of storage at a given temperature. It is usually expressed in the amount of consumption of
oxygen and amount of evolution of CO2 per unit weight of fruit over per unit time and
calculated by using the following equation [6]:

RO2 =

[
(YO2)t − (YO2)t+1

∆t

]
Vf
W

(2)

RCO2 =

[
(ZCO2)t+1 − (ZCO2)t

∆t

]
Vf
W

(3)

where RO2 = respiration rate, mL [O2] kg−1h−1; RCO2 = respiration rate, mL [CO2] kg−1h−1;
YO2 and ZCO2 = gas concentrations for O2 and CO2 respectively; t = storage time in h;
∆t = time difference between two gas measurements; Vf = free volume of the respiration
chamber in mL; and W = weight of the fruit in kg.

Many researchers have reported that guava generally have a moderate rate of respi-
ration, depending upon the temperature and type of cultivator varieties. The respiration
rate range for guava fruit is 10–20 mg CO2/kg/h at 5 ◦C and 40–80 mg CO2 kg−1 h−1 at 20
◦C [52,53]. Formiga et al. [34] measured the respiration rate of guava cv. Pedro Sato at 21 ±
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0.3 ◦C and RH 77 ± 6% and concluded that respiration rate peak was achieved at 60.02 mg
CO2/Kg·h after storage period of six days. Liu et al. [23] reported 67.68 mg CO2/Kg·h of
respiration rate of guava fruit cv. Li-Tzy Bar (LTB) after 8 days of storage. Porat et al. [21]
measured the initial respiration rate of guava (cv. Ben Dov and King) 47 mg kg–1h–1 at 20 ◦C.
After storage of guava, the maximum respiration rate was reached up to 92 mg kg–1h–1 CO2
after 5–8 days of storage in Ben Don variety, and the moderate increase of 58 mg kg–1h–1 af-
ter 8 to 10 days of storage was recorded in King variety of guava fruit. Bashir et al. [41] and
Bron et al. [54] reported the respiration rate of guava fruit 34.99 mg CO2/kg/h at (22 ± 1 ◦C
90–95% RH) after 8 days of storage and 42.34 mg CO2 kg−1 h−1 at 21 ◦C after 156 h of stor-
age, respectively. Guavas predominantly ripen in a climacteric manner, but some cultivator
varieties of guavas also ripen in a non-climacteric manner [3,11,21,40,46–48]. In climacteric
behavior, there is a decrease in respiration rate of guava just after the harvest, which is
known as pre-climacteric decline, followed by a sudden increase in rate of respiration,
reaching a peak value known as climacteric peak, coinciding with optimum ripening; then,
there is a gradual decline in respiration rate, signifying the progression of senescence
stage. The sudden rise in respiration rate, also called a climacteric rise, in guava has been
studied by various researchers and it is concluded that this is due to biochemical and
structural factors [24,55]. The biochemical factors include the rapid increase in production
of extra CO2 due to the decarboxylation of malic acid; its coupling with phosphorylation
hastens the respiration rate. Structural factors, mainly the disorganization and aging of
chloroplast structure after harvesting of fruit, result in an increase in enzymatic activity,
and biosynthesis of ethylene production hastens the respiration rate [24].

2.4. Ethylene Production

Ethylene is known as a natural organic plant hormone that speeds up the ripen-
ing as well as senescence process of guava fruit. The precursor for the biosynthesis of
ethylene is L-methionine, with the help of enzyme S-adenosyl methionine transferase,
1-aminocyclopropane-1-carboxylic acid (ACC) synthase, and with the help of ACC oxidase
for the biosynthesis of ethylene [8,13,55–57]. Because guavas are predominantly climacteric,
their biosynthesis is stimulated on their own during the early stages of ripening, and other
factors such as injury, bruises, heat shock can also increase ethylene production, resulting
in faster ripening and senescence. Formiga et al. [34] reported that for ethylene production
in guava cv. Pedro Sato stored at 21 ± 0.3 ◦C, RH 77 ± 6%, no ethylene production was
observed up to 4 days of storage and peak value of ethylene production was 12.9 µL of
ethylene kg−1 h−1 on 6 days of storage. Abreu et al. [58] reported ethylene in guava cv.
Pedro Sato at 22 ± 1 ◦C and RH 78 ± 1%, 0.1 µL Kg–1/h on initial 4 days of storage; after
that, they observed a rapid increase in ethylene production up to 5 µL kg –1/hours of
storage of 8 days. Porat et al. [21] noticed the ethylene production in guava fruit (cv. Ben
Dov and King) 7.8 mL kg–1h–1 after 7 days of storage in Ben Dov and 4.1 mL kg–1h–1 in
King variety after 8 days of storage at 20 ◦C. Liu et al. [23] reported 0.2 × 103 nmol C2H4
kg−1 and 1.37 × 103 nmol C2H4 kg−1 h−1 of ethylene production in guava cv.Li-Tzy Bar
(LTB) during storage of guava at 20 ◦C after 2 and 8 days of storage, respectively.

The respiration rate and ethylene biosynthesis are critical parameters for judging
the shelf life of guava fruit during storage. The early increase in the rate of respiration
and ethylene biosynthesis is associated with the softening of tissues, early maturation,
and senescence of fruit, thereby limiting the shelf life of guava fruit. The early setting of
senescence due to increased respiration and ethylene biosynthesis can be attributed to
depletion of the food reserves inside the cells of the tissues and degradation or dismantling
of the cell wall of the tissues, resulting in outward migration of moisture and CO2 from the
fruit to external environment.

2.5. Susceptible to Postharvest Decay

Guava is prone to post-harvest microbial growth mainly fungi causing rots during
pre-harvesting, harvesting, storage, and transportation. Guava fruit are mostly attacked
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by fungal disease known as Anthracnose, caused by Colletotrichum gloeosporioides [3,59].
Anthracnose is a kind of latent infection on the surface of fruit skin that remains predom-
inately dormant during the growth stage of fruit but appears as sunken black or brown
patches after harvesting of fruit. Embaby and Hassan have isolated six fungi stains from
guava, the predominate fungal frequency of Rhizopus stolonifer (42.78%), and Aspergillus
flavus (26.67%) was identified for causing soft rot disease which resulted in post-harvest
losses to guava fruit [60]. Amadi et al. have reported the major fungal species responsible
for disease in guava were from Fusarium (F. oxysporum) and Aspergillus genus (A. niger, A.
fumigatus, and A. parasiticus) [61]. The microbial invasion of the fruit surface results in not
only discoloration of skin color but also degradation of the cell wall of tissues, leading to
loss of structural integrity of the fruit. Microbial decay in guava fruits also occurs due to
bacterial invasion such as E. coli, B. megaterium, M. luteus, B. subtilis, P. vulgaris, B. cereus, E.
aerogens, S. aureus, K. pneumoniae, S. dysenteriae, and S. epidermidis [62,63].

2.6. Chilling Injury

Chilling Injury (CI) is a physiological disorder that occurs when guava is subjected
to low-temperature storage (usually less than 10 ◦C). The symptoms of CI mainly include
non-uniform ripening of fruit or fruit failing to ripen, surface pitting, appearance of water-
soaked patches, skin and flesh turning brown in color, and increased sensitivity towards
fungal decay [64]. The mechanism involved in the development of CI includes (i) over
production of reactive oxygen species (ROS), leading to the formation of malondialdehyde
byproducts that are responsible for loss of cell membrane integrity; (ii) enzymatic oxidation
of phenolic substrates by polyphenol oxidase, resulting in the formation of brown-colored
products [8]. Chilling injury results in inducing oxidative stress and malfunctioning of
the cell membrane of the fruit tissues, thereby causing a substantial decline in marketable
quality of guava, leading to economic loss [65].

Among guava, for measuring the extent of chilling injuries, parameters such as the an-
tioxidant activities of various enzymes such as peroxidase, superoxide dismutase, and build-
ing up of malondialdehyde and superoxide anion are estimated during low-temperature
storage of fruit [8,22]. Higher severity of CI usually correlates with a decrease in the antiox-
idant activity of enzymes. The severity of chilling injury on fruit usually increases with
storage time.

3. Packaging Technologies for Post-Harvest Management of Guava Fruits

For the preservation and extension of shelf life of guava fruits during the storage
period, various types of packaging have been used, i.e., modified atmosphere packaging
(MAP), controlled atmosphere packaging (CAP), edible packaging, composite packaging,
antimicrobial/antifungal packaging, and nano packaging. Application of these respective
packaging technologies improves the storability of guava fruits during storage due to
minimizing oxidation, rate of respiration, physiological loss in weight, and management
of ethylene production. Guava fruit had higher respiration and transpiration rate, so to
enhance the storage life of guava, the packaging films should have the following charac-
teristics: they should (i) be non-toxic; (ii) have low oxygen permeability; (iii) have high
permeability to carbon dioxide; (iv) have a high barrier to water vapor; (v) have good
mechanical strength for the protection of fruit; (vi) should not impart any color to the
surface of fruit; and (vii) should have no migration or leaching of polymer material onto
the fruit [66,67]. Figure 2 presents the mechanism of packaging technologies material on
guava fruits during the storage period.
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Figure 2. The figure indicating that the application packaging, i.e., edible, active, and composite,
has the potential to maintain the postharvest quality attributes, such as color, aroma, firmness,
and consumer acceptability by retarding the loss of moisture; reducing ethylene production; and
minimizing the lipid peroxidation, respiration rate, and enzymatic and metabolism synthesis due to
creation of water and gas barrier between fruit surface and environment.

3.1. Modified Atmosphere Packaging (MAP)

In past decade, the use of modified atmosphere packaging (MAP) technology is increas-
ing to maintain and enhance the postharvest quality of fruits and vegetables by utilizing
basic principles of permeation and respiration rate to fulfill consumer demand [31,68].
Primarily, the MAP technology was introduced in the 1960s to enhance the shelf life of
perishable commodities such as fresh produce by maintaining a suitable environment for
commodities and reducing microbial spoilage [69]. It is also considered a novel postharvest
technology for the preservation of food and is widely used in developing countries due to
lower cost and higher efficiency, utilization of the natural components of air, little environ-
mental impact, and non-toxicity [7,8]. Modified atmosphere packaging (MAP) is known as
a dynamic system, which is effective in combatting weight loss, pectin solubilization, and
color browning; maintaining firmness; controlling respiration rate; controlling enzymatic
activities, and controlling ethylene production of guava fruit during the storage period [24].
Apart from that, it not only enhances the shelf life of fruit and vegetables but also de-
lays the losses of phenolic, flavonoid compounds and antioxidant activity [70,71]. MAP
packaging for the guava fruits has depended on the interaction between the respiration
rate of produce and packaging materials permeability. The MAP technology is divided
into two categories: (i) passive MAP: respiration rate of the produce and permeability of
the packaging material are the most important parameters. The respiration rate of fresh
produce, consumption of O2 is proportional to CO2 production in MAP packaging. The
total amount of production and consumption of these gases is the same as that passing
through the membrane exchange; (ii) active MAP associated with the evacuation of air
inside the packaging and replacing atmosphere with desired mixture of gas to accelerate the
composition of gases modification to reduce the risk of higher concentration of unsuitable
gases [68,72,73]. Figure 3 showed the mechanism and functions of the MAP on fruits
and vegetables during the storage period. Badillo and Segura-Ponce reported two types
of models, i.e., classic respiration rate and reaction-diffusion model, to understand the
relationship between produce and gas permeability [74]. The classic respiration model has
included four types of black-box model (exponential, linear, polynomial, and Michaelis
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Menten kinetic), and reaction-diffusion model included MAP of fruits and vegetables [31].
Furthermore, various researchers reported that the guava fruits stored under modified
atmosphere packaging are stored for a long time, with good sensorial and biochemical
properties as compared to others. Combrink et al. reported that guava fruit packed in
non-perforated polyethylene bags were of a higher quality than guava packed in perforated
bags [75]. Pereira et al. enhanced the shelf life of osmotically dehydrated guava fruits
for 24 days under storage MAP [76]. Singh and Pal, and Miano and Jokhio, extended the
shelf life of guava fruits up to 30 days at 8 ◦C and 16 ◦C and 24 ◦C throughout preven-
tion of physiological loss in weight and other biochemical properties [11,77]. Chandra
and Kumar extended the shelf life and maintained the physiochemical, mechanical, and
organoleptic characteristics of guava fruits cv. Pant-Prabhat at 25 ◦C for up to 7 days using
MAP packaging technology [78]. Antala et al. and Rana et al. also recorded 21 days shelf
life of guava fruits at 10 ◦C and 7 ◦C using MAP flushed with 9% O2 and 5% CO2, and
low-density polyethylene (LDPE) [29,31]. Sahoo et al. and Texeira et al. [30] recommended
28 days shelf life of guava fruits stored under polypropylene (PP) MAP [16]. Kumar et al.
extended the shelf life of guava fruit cv. Allahabad safeda up to 25 days using atmosphere
packaging technology at 6 ◦C storage temperature in polypropylene bag as compared to
control (20 days) [79]. They also reported that MAP technology was effective at reducing
the chilling injury and controlled titratable acidity of guava fruits. Furthermore, MAP
packaging is more effective at preventing weight loss and controlling ripening, as compared
to other types of packaging, i.e., cling, shrink, and vacuum packaging [31].

Figure 3. Graphical indication of the mechanism and functions of MAP for improving the shelf life of
guava. The low level of oxygen in the MAP packaging is responsible for the retarding the moisture
loss, change in color of fruits, and the lower lipid/pigment oxidation. On contrary, the increasing
level of carbon dioxide in MAP packaging system of guava fruits has potential to inhibit microbial
spoilage while maintaining overall postharvest attributes (modified from: Soltani et al., [73]; Paine
and Paine [80]).

3.2. Control Atmosphere Packaging (CAP)

Controlled atmospheres packaging (CAP) storage helps to enhance the shelf life of
many tropical and subtropical fruits [81]. Storage of fruits in an improper atmosphere
may cause increasing fermentation metabolism, resulting in off-flavor development of
fruit, ultimately causing fruit to become unacceptable for consumption [82]. CAP storage
has limited utility in tropical fruit storage, but it may be very beneficial for marine trans-
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port [83]. Increasing demand of tropical fruits, and with variable technological capabilities
in developing nations, may provide new opportunities for the implementation of CA
storage technique.

The optimized conditions for CA storage of different fruits and vegetables are stan-
dardized. Despite its popularity and commercial potential, the reported literature about
CA storage of guava fruits is limited.

Kader [81], in their study, suggested controlled conditions of O2 (2–5%) and CO2
(0–1%) for storage of guava fruits at 5–15 ◦C. Exposing guava fruits to high levels of CO2
(10, 20, and 30%) for short duration had no effect on their respiration rates; however, while
ripening, ethylene production was reduced [11]. Storage of guava in the conditions of
10% O2 + 5% CO2 for 24 h and subsequent storage at 4 ◦C for 2 weeks resulted in the delay
of color development and minimal chilling injury, as compared to the guava stored in
the air [84].

CA storage has many beneficial effects on post-harvest quality attributes such as reduced
respiration rate and ethylene generation; change in color; softening; retention of vitamins,
sugars, and organic acids; and inhibition of some physiological disorders [11,85]. Holcroft
and Kader reported that exposing guava to 2–5% O2 at 10 ◦C resulted in delayed ripening
of mature-green and partially ripe fruits kept, and the tolerance to elevated CO2 was not
estimated [86]. Teixeira et al. reported that guava cv. ‘Pedro Sato’ stored at 12.2 ◦C for 28 days
with 5% O2 and CO2 (1%, 5%, 10%, 15%, and 20%) have not showed any variations in respira-
tion rates; however, the detrimental effects in fruit quality in high-CO2 atmospheres (10%, 15%,
and 20%) of CO2 were observed. Storage of guava in 5% O2 + 20% CO2 resulted in a sharp
decline in firmness, and enhancement in soluble pectin after 14 days [30]. Longer duration
of CA storage (low O2 and/or high CO2) had detrimental effects, including accumulation of
ethanol, and acetaldehyde, off-odors, off-flavors, no/delayed ripening after removal from CA
storage, and development of injuries [87].

CA storage can also control guava fruit quality loss, which has higher disease suscep-
tibility [83,84]. A lower percentage of oxygen is the prime factor for controlling postharvest
fungal development, especially anthracnose and stile rots [88]. Brackmann et al. [89] re-
ported that guava cv. Paluma stored in different CA conditions showed less decay than
the ambient atmosphere. The use of nitrous oxide (N2O) as a prestorage treatment was
reportedly successful in inhibiting the decay development in guava fruits [90]. Singh and
Pal [84] found that short-term exposure of guava fruits to very low oxygen (0.1%) and high
CO2 (40%), at 40 ◦C for 12 h, resulted in shelf-life extension up to 2–3 days, indicating
it was useful for postharvest insect-pest disinfestation purposes. The CA conditions for
long-term storage of guava have not yet been defined. The information on the tolerance
limits of guava fruits to low O2 and high CO2 atmospheres is sporadic and inadequate.
Table 1 showed the previously conducted investigations to study the effect of MAP/CAP
technology on the shelf life of guava fruits during the storage period.

Table 1. Effect of MAP/CAP packaging on the shelf life of guava fruits.

Guava Variety Packaging
Technologies Type of Package Optimum Storage Condition Storage Life References

Guava cv. Pedro
Santo CAP Plastic bucket 5 kPa O2 + 5 kPa CO2

28 days at 12.2 ◦C
and 95% RH [30]

Guava cv.
Lucknow-49 CAP 50 µm LDPE 9% O2 + 5% CO2 42 days at 10 ◦C [29]

Guava cv.
Lucknow-49,

Allahabad safeda and
Apple Color

CAP - 2.5, 5, 8, and 10 kPa O2 with 2.5, 5,
and 10 kPa CO2 (balance N2)

30 days at 8 ◦C and
60–80% RH [11]

Guava cv. Pedro Sato CAP Hermetic plastic
containers 21, 15, 10, 5, and 1 kPa) 28 days at 12.5 ◦C [85]

Guava cv. Baruipur Active MAP 40 µm PVC
3 g ES and 46 g MS with a head space
gaseous concentration of 12.6% O2 +

5% CO2

32 days at 4 ◦C [91]

Guava cv. Baruipur Passive MAP 45 µm BOPP film 5% O2 and 4% CO2 26 days at 10 ◦C [24]
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Table 1. Cont.

Guava Variety Packaging
Technologies Type of Package Optimum Storage Condition Storage Life References

Guava Active MAP 76.2 µm LDPE

Potassium permanganate embedded
in silica crystals for modifying the
gaseous concentration inside the

package

49 days at 8 ± 2 ◦C [92]

Guava cv. Allahabad
Safeda Passive MAP 45 µm PP with

perforation

Perforations (five holes in each side of
film with a size of 0.3 mm diameter)

for modifying the gaseous
composition

4 days at 25–28 ◦C
and 60–70% R.H. and

28 days at 8–12 ◦C
and 88–90% R.H.

[16]

Guava cv. Hisar
Safeda Passive MAP 50 µm LDPE

Films with selective permeability
enhance the environment

surrounding the guava
21 days at 7 ± 3 ◦C [31]

Guava Passive MAP 20 µm PP with
perforation

12.5 mm perforation in films
maintained the required gaseous

conditions
20 days at 10 ◦C [93]

3.3. Edible Packaging

Today, due to the rapid use of petroleum-based polymers for the packaging of fruits
and vegetables, there is an urgent need for alternative polymers that not only mimic
the properties passed by synthetic polymers but also have a very low environmental
impact [94–96]. In this regard, edible packaging has gained attention in recent times as edi-
ble packaging makes use of edible polymers, which not only protect the food from outside
environment but can be consumed along with the food. Edible polymers used in edible
packaging are made up of polysaccharide, protein, lipids, or their combination and can be
made into films or coatings depending upon the fruits or vegetables involved [97]. Edible
films and coatings are defined as thin sheets of food-grade material that are fit for human
consumption and possess barrier properties (lipid, water vapor, and gaseous transmission)
between the food and the external environment, with an ultimate goal of an increase in the
shelf life of the food [98–101]. The words film and coating are used interchangeably in this
article; the only difference between film and coating is that polymeric material in films is
cast into stand-alone sheets, whereas coatings are directly formed on the product either by
dipping or spraying of material [102–104]. The mechanism of extending the shelf life of
fruits by the use of edible coatings has been demonstrated by various researchers. Edible
coatings extend the shelf life of fruits, mainly by providing an extra layer on the surface of
fruit, which results in partial closure of stomata and lentils present on the surface of the
skin, thereby decreasing the transpiration rate and preventing physiological loss of water
from the surface of fruits. Moreover, the coating also fills in the cracks on the surface of the
fruits, resulting in fewer chances of microbial growth on cracks or bruises [105].

Guava being a climacteric fruit has a high rate of respiration rate, resulting in a rapid
breakdown of complex carbohydrates into CO2 and water molecules [3,6,11]. Respiration
rate coupled with transpiration rate causes a physiological loss in weight, reduction in
nutritional content such as decrease in ascorbic acid, and development of off odor. So,
to maintain the quality parameters of guava, edible coatings or films should have low
permeability to water vapor and oxygen transmission, to slow down both the respiration
as well as transpiration rate at a level that positively affects the shelf life of guava. The
permeability to oxygen should not be too low as it can develop anaerobic conditions around
the fruit that will lead to the development of off-flavor along with the production of ethanol,
thereby limiting the shelf life [24,30]. Edible packaging enhances the shelf life of guava by
modifying the gaseous composition around the guava and helps in reducing the ethylene
production, transpiration, and respiration rate of guava during storage. Various researchers
in recent past have worked on the use of edible films or coatings for the extension of shelf
life on fresh guava and demonstrated that the use of edible coatings is effective in reducing
weight loss and maintaining freshness and other quality attributes such as total soluble
solid content, and ascorbic acid content [26,35,36,106,107]. Edible films for packaging of
guava can be characterized into polysaccharide-based edible coatings (including starches
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from corn, cassava, and potato, and cellulose, hemicellulose, and gums), protein-based
edible coatings (including protein-like casein, zein), lipid-based edible films (including
oil and waxes), and their composite films (combination of polysaccharide or protein with
lipid) [34,38,97,108–112].

3.3.1. Polysaccharide-Based Packaging

Polysaccharide is abundantly available in nature and usually made up of smaller
repeated carbohydrate units (monosaccharide) that are linked to each other with a glycoside
bond. Polysaccharides that are widely used for making edible coatings are starches (corn,
wheat, cassava, and potato) and cellulose derivatives (methyl cellulose, carboxyl methyl
cellulose, hemicellulose, pectin, alginates, gums like guar, xanthan, carrageen, and agar-
agar) [97]. Polysaccharide-based edible films are nontoxic and possess great mechanical
strength, good barrier properties to oxygen due to the presence of hydrogen bonding, and
form a tightly packed network between the molecules of polysaccharide. The selective
barrier property to oxygen and carbon dioxide shown by polysaccharide-based films helps
in maintaining the respiration rate of the guava, thereby increasing the shelf life of guava.
Some of the starch-based edible films for extending the shelf life of guava are shown in
Table 2. The main drawback of polysaccharide-based edible films is that it is hydrophilic
and shows poor resistance to water vapor [36,113–115]. Films made from polysaccharides
usually have a very high-water vapor transmission rate, resulting in evapotranspiration
from the fruit surface, leading to shrinkage and physiological loss of weight. Francisco
et al. [116] conclude that edible coatings made from 25% acetylated cassava starch (ACS) and
75% hydroxyethyl cellulose (HEC) is effective in extending the shelf life of guava to 13 days
with minimum damage to vitamin c content along with better retention of fruit firmness.
Quirino et al. [112] claim that 4% cassava starch coating on guava maintained the shelf life
up to 12 days of storage at 25 ± 1.0 ◦C without significant loss of weight and firmness.
Moreover, coated guava shows higher retention of ascorbic acid and TSS, compared to
uncoated fruits. Krishan and Rao reported that coating of guava fruit cv. Allahabad safeda
with 1% chitosan solution helps in extending the storage for 21 days at 12 ◦C [117].

3.3.2. Lipid-Based Packaging

Lipids are the complex organic compound made up of esters of fatty acids and mainly
include fats and oil. Lipid-based coating in the form of waxes is widely used for coating
fruits to provide surface gloss as well as to provide a barrier to moisture. The coating
or films made from lipids are hydrophobic and possess excellent barriers to water vapor
migration [118–120]. The only drawback of using lipid-based films for coating climacteric
fruit such as guava is that sometimes due to their hydrophobic and excellent barrier to
oxygen and carbon dioxide, they cause anaerobic respiration, resulting in the production of
off-flavor and early senescence of the fruit [121]. Madhav et al. [122] claimed that coating
of guava with vegetable wax (1:4 v/v) extended the shelf life for 12 days followed by
2 days table life at ambient condition (20 ◦C), without significant loss of weight and better
retention of firmness and TSS (total soluble solids). Zambrano reported that coating of
guava with 10% and 20% with cactus mucilage maintained the quality of guava at 16 days
at 10± 1 ◦C, without significant loss in weight and firmness in coated guava [123]. Ruzaina
et al. also claimed that coating guava with palm stearin and palm kernel olein (1:1) keeps
the shelf life of guava for 21 days at 20 ◦C and 30 days at 10 ◦C without significant loss
of quality [109]. Zahid et al. extended the shelf life of guava fruit by 8 days using bee
wax-based edible coatings at 25–27 ◦C, RH 80–90% [108].

3.3.3. Composite Packaging

Composite packaging and material are made up of a combination of polysaccharides
or protein, along with lipids for fulfilling the limitations posed by individual polymer
films and to enhance the functionality of films [111,124,125]. Composite films or coatings
are mainly used for extending the shelf life of fresh produce (guava) as they maintain the
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desired properties of permeation of gases and water vapor between guavas and the sur-
rounding environment [35,37,110,126]. Some of the composite films previously developed
by the researchers are summarized in Table 2.

Table 2. Composite edible packaging to enhance the shelf life of guava fruits.

Matrix Guava
Variety Effect on Quality Parameter Shelf Life References

Gum Arabic (10%) + garlic
extract (20%) Gola

Reduction in loss of weight, skin browning;
retention of ascorbic acid with lower value of

total sugars; and increase in flavonoid content.
15 days at 25 ± 3 ◦C [37]

Agar (4%) + pomegranate seed
oil (0.4 mL/L) Paluma

Reduction in weight loss; no significant change
in carotenoid content; Total soluble solid, skin
color was maintained without excessive lose

10 days at 10 ◦C and 40% RH [36]

Carboxymethyl cellulose
(2.7%) + stearic acid (2.1%) +
lecithin (3.2%) + date pit oil

(2%)

—–
Reduction in weight loss; retention of ascorbic

acid, firmness, TSS, and titratable acidity,
compared to control sample.

16 days at 25 ◦C [107]

Tamarind seed Powder (0.05%)
+ Beeswax (1%) + sunflower

oil (5.5%)
—–

Reduction in weight loss; retention of ascorbic
acid, firmness, TSS, and titratable acidity,

compared to control sample.

13 days at 30 ± 2 ◦C and
21 days at 25 ± 1 ◦C. [127]

Tamarind starch (3%) +
pomegranate seed oil

(0.24 mL/mL)
Paluma

Reduction in loss of weight; better retention of
firmness as than control sample; delay in

ripening of fruit.

21 days at 10 ± 2 ◦C and
80 ± 5% RH [35]

Arrowroot starch (2%)
+ pomegranate oil (0.3%) Paluma

Reduction in respiration rate, causing delayed
ripening of fruit; retention of firmness, ascorbic
acid; reduction in weight loss as compared to

control sample.

20 days of storage the
temperature of 10 ± 2 ◦C

with 85 ± 5% RH
[126]

Chitosan (1%) +
poly-vinyl-pyrrolidine (1%) +

salicylic acid (2 mM)
Banati

Coated guava showed reduced enzyme activity
of polyphenol oxidase, cell wall degrading

enzymes; retention of skin color, and firmness;
and reduction in weight loss as compared to

control samples.

15 days at 27 ± 1 ◦C and
48 ± 2% RH [128]

Hydroxypropyl methyl
cellulose (5%) + beeswax (20%) Pedro Sato

Reduction in loss of weight; retention of
firmness; and decrease in L* value and hue

angle as compared to control sample.

8 days at 21 ± 0.3 ◦C and
77 ± 6% RH [34]

Jackfruit seed starch (2%) +
chitosan (2%) + alignate (2%) Paluma

Reduction in loss of weight; retention of
firmness; and decrease in L* value and hue

angle as compared to control sample.

22 days at 10 ± 2 ◦C e
80 ± 2% RH [106]

Hydroxypropyl methyl
cellulose (1%) + palm oil

(0.3%)
Lalit

Decrease in enzyme activity of polyphenol
oxidase (PPO) and peroxidase (POD);

reduction in loss of weight, color value, and
retention of firmness.

12 days 24 ± 1 ◦C and
65 ± 5% RH [129]

Chitosan (3%) + 4% palm
stearin: palm kernel olein

(75:25)
—-

Coated samples showed reduction in
respiration rate and ethylene production, and

reduction in loss of weight and retention of
firmness and TSS as compared to uncoated

samples.

31 days at 5 ± 2 ◦C [110]

Cashew gum (1%) +
carboxymethylcellulose (2%) Kumagai

MRI studies of coated guava reveled that after
8 days of storage, there is surface tissue decay;

retention of firmness and ascorbic acid;
reduction in weight loss as compared to

uncoated fruits.

08 days at 25–28 ◦C and
76.0 ± 12.4% RH [26]

3.4. Antimicrobial/Antifungal Packaging

Guava is prone to fungal decay during preharvest as well as after harvesting and
storage. For inhibition of fungal microflora, the use of chemical fungicides such as benomyl,
carbendazim, triforine, prochloraz, and mancozeb is very common, but studies show that
these chemical fungicides leave chemical residues on the surface of fruit that are considered
potent carcinogens and are even banned in some countries. In the last few decades, natu-
ral antioxidant and antimicrobial agents, produced from fruits and vegetables, and their
wastes, have been incorporated in edible packaging material to enhance the properties
of materials and respective fruits [130]. These antioxidant agents influence the efficacy
of materials and enhance the surface properties of fruits, inhibiting microbial and fungal
contaminations [67] due to the presence of higher contents of secondary metabolites, in-
cluding phenolic content and other tannin groups. Various types of plant-derived essential
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oils and extracts can be used as natural antioxidant and antimicrobial agents to protect
fruits from microbial contaminations; this protection is likely conferred by the presence of
hydroxyl groups, which help in the deactivation of PPO/POD enzymes [131]. Essential
oils are volatile natural compounds extracted from aromatic plant materials that have
antioxidant and antimicrobial activities. This group of natural antimicrobials with GRAS
(Generally Recognized as Safe) status is used in the food industry for controlling and in-
hibiting undesirable micro flora for the effective preservation of food. Lourenço et al. [132]
briefly explained this in their review paper about the plant origin source of antioxidant
compounds and their utilization in food industries. Many researchers have reported that
the incorporation of antioxidant, anti-browning, and antifungal agents in edible coatings
and films can prevent microbial decay, fungal decay, lipid oxidation, sensory characteristics,
and color changes in the fruits [133,134]. Soares et al. [135] reported that the application
of cassava-based antimicrobial edible coatings helps to prevent and enhance the shelf life
of guava fruits by reducing the growth of microbes. Murmu and Mishra showed that
gum-Arabic-based edible coatings formulation with sodium caseinate and enriched with
natural antimicrobial agents such as Tulsi extract enhanced the shelf life of guava fruits
for 7 days as compared to 4 days of control at 28 ◦C [17]. The application of optimized
and recommended formulation of edible coatings 5 g/100 mL (gum Arabic), 1 g/100 mL
(sodium caseinate), and 2.5 mL/100 mL (Tulsi extract) was found to be potentially effective
at preventing microbial decay, and other postharvest quality of guava. Othman et al. [136]
incorporated (0.050 g/100 mL coating solution) the sunflower and marjoram essential oil
in carboxy-methylcellulose and alginate-based edible coatings to investigated their effect
on guava fruits during storage for 28 days and reported that the application of essential-oil-
based antimicrobial edible coatings ensured overall quality, including texture, mass loss,
appearance, and microbial safety (mold and yeast) of guava fruits during storage. Elabd en-
hanced the shelf life of guava slices using potato starch and chitosan based edible coatings
by maintaining postharvest quality and reducing microbial decay and enzymatic activity.
He reported potato starch and chitosan as natural antimicrobial agents for the preservation
of guava slices and extension of the shelf life of guava slices, during storage [137]. Murmu
and Mishra used different concentrations (1%, 2%) of cinnamon and lemon grass essential
oil in Arabic-gum- and sodium-caseinate-based antimicrobial edible coatings to improve
the postharvest shelf life of guava fruits [7]. The application of edible coatings enriched
with essential oils was found to enhance the shelf life of guava fruits by up to 40 days by
reducing browning and degradation of antioxidant activity, increasing retention of phenolic
and flavonoid compounds, and reducing the rate of sugar loss. Nair et al. prolonged
the shelf life of guava fruits using chitosan- and alginate-based edible coatings enriched
with pomegranate peel extract. The incorporation of pomegranate peel extract in edible
coatings helps to maintain the phenolic, flavonoid, and antioxidant activity of guava fruits
during storage for 20 days at low temperatures [33]. Arroyoa et al. investigated the effect
of chitosan- and alginate-based antimicrobial edible coatings enriched with ZnO nano
materials on guava fruits and enhanced the shelf life of fruits with degradation of microbial
activity and rotten index; they also protected the guava fruits against excessive mass loss
and retardation of physiochemical changes [138]. Etemadipoor et al. investigated the
effect of gum-Arabic-based edible coatings enriched with natural antimicrobial agents such
as cinnamon essential oil and improved the storability and postharvest quality of guava
during storage for 28 days at 10 ± 1 ◦C, 90–95% RH [25]. They found that edible coatings
enriched with essential oil were effective in reducing ripening rate and respiration rate,
maintaining color, and maintaining antioxidant properties of guava fruits. They also recom-
mended an effective formulation of edible coatings with 10% gum Arabic and 1% essential
oil of cinnamon to improve the storability of guava fruits. Etemadipoor et al. reported the
incorporation of essential oil and oleic acid in gum-Arabic-based edible coatings has poten-
tial and is effective in increasing the storability of guava and maintaining the postharvest
quality. The coating formulation was also found to be effective in preventing chilling injury,
delaying browning, maintaining firmness, and ameliorating changes in bioactive compounds
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of guava fruits during the storage at 10 ± 1 ◦C, RH-90% for 28 days [38]. Cid-Perez et al.
studied the antifungal activity of Poliomintha longiflora oil and reported that MIC (minimum
inhibitory concentration) of Colletotrichum gloeosporioides was achieved with 0.8–1.0 (g/L)
concentration of essential oil [139]. Abd-Aiiam and Haggag reported that basil essential oil
at 250 (µg/mL) concentrations is effective in inhibiting Colletotrichum gloeosporioides [140].
Viuda-Martos reported that the concentration of oregano essential oil at 4 mL/18 mL culture
medium inhibited the the % growth of A. flavus 100%, whereas for achieving the same 100%
growth inhibition of A. flavus the clove and thyme the concentrations were 6 mL/18 mL and
8mL/18 mL culture media, respectively [141]. The exploration of the incorporation of essential
oils and plant extracts for edible packaging of guava is very recent for extending the shelf life
of guava by preventing fungal infections such as Anthracnose. Thyme-, clove-, lemongrass-,
and oregano-coated essential oil edible coatings show a strong antifungal effect on microbial
growth and help extend the shelf of guava. Apart from inhibiting or preventing microbial
growth, the use of essential oil in edible coatings also improves water vapor permeability and
gaseous transmission (O2 and CO2). Table 3 summarizes the effect of essential oil rich edible
packaging on the shelf life of guava fruits.

Table 3. Essential-oil-based edible coatings for enhancing the shelf life of guava fruits.

Matrix Best Combination Effect of Coatings Shelf Life Deposition References

Gum Arabic (GA) +
Cinnamon Essential Oil

(CEO) + Oleic Acid

10%GA + 1% OA +
1% CEO

Retention of fruit firmness; reduction in
physiological loss of weight; lowering of

browning index; enhancement of
bioactive molecules such as phenolics
and flavonoids and enhancement of

antioxidant activity.

10 ± 1 ◦C and 90%
relative humidity for

28 days
Dipping [38]

Chitosan (C)+ Ruta
graveolens Essential Oil

(RGEO)
2% C + 1.5% RGEO

Microbial analysis shows a reduction of
2 log CFU/g in yeast and molds count;

in situ growth inhibition of
Colletotrichum gloesporioides by 70.71%;

retention of fruit firmness; and
reduction in physiological loss of

weight.

12 days 24 ± 2 ◦C
and relative humidity

of 70%
Dipping [142]

Gum Arabic (GA) +
Cinnamon Essential Oil

(CEO)
10% GA + 1% CEO

Reduction in loss of weight by 42.72% as
compared to control sample. Retention
of firmness, chlorophyll content, and

caretonenoid content by 21.03%, 66.67%,
and 56.7%, respectively, as compared to
control sample; enhancement of ascorbic

acid content (114.22 mg 100 g−1 FW).

28 days at (10 ± 1 ◦C,
90–95% RH followed

by 1 day at room
temperature

Dipping [25]

Arabic Gum (AG) +
Sodium Caseinate (SC) +

Cinnamon Oil (CE) +
Lemongrass Oil (LG)

5% AG + 1% SC +
2% CE + 2% LG

Decrease in enzyme activity of
polyphenol oxidase (PPO) and
peroxidase (POD); increase in

antioxidant capacity; better retention of
ascorbic acid and bioactive compounds

such as phenolic and flavonoids.

35 days 4–7 ◦C and
80% RH Dipping [7]

Arabic Gum + Sodium
Caseinate (SC) + Tulsi

Extract (TE)

5%AG + 1% SC
and 2.5% TE

The value of OTR (oxygen transmission
rate) and WVTR (water vapor

transmission rate) was lower than
control sample, which resulted in
delaying in ripening of fruit and

extension of shelf life.

7 days at 28 ± 2 ◦C Dipping [17]

Groundnut Oil, Sesame
Oil, Baobab Oil, Olive
(Olea europaea L.) and

Neem Oils

peanut and sesame
oil coating

Extending the shelf life of guava fruits
and controlling nutritional value,
microbial growth, firmness, and

appearance of the fruits.

Enhanced shelf life of
guava fruits at Room

conditions
Dipping [143]

Cassava Starch (CS) +
Chitosan (C) + Lippia

gracilis Schauer
Genotypes (EOM)

2.0% CS + 2.0% C
and 1.0%, 2.0% or

3.0% EOM

Essential oil at all concentrations was
effective in inhibiting Gram positive as
well Gram negative bacteria; coating

reduced the browning of guava;
enhancement in L* value and reduction
in a* and b* value during storage; and

reduction in weight loss and better
retention of firmness in coated sample

10 days at 25 ◦C
86–89% relative

humidity
Dipping [144]

L*, a* and b* represents the colour values of the tomato.
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3.5. Nano-Based Packaging

During the development of composite films, there is no proper blending of polymers,
which results in the development of films with poor barriers and mechanical properties,
which results in non-uniform distribution coatings on fresh produce. To overcome these
drawbacks, in recent times concept of nano technology has been used for designing edible
coatings for enhancing functional properties such as homogeneity or blending of polymers,
to attain uniform morphological characteristics, better permeability to water vapor, and
gaseous exchange. Nano particles such as zinc oxide (ZnO) and solid lipid nano particles
(SLN) are used in edible-coating matrices to improve the functionality of edible coatings
in increasing the shelf life of guava. Garcia-Betanzos et al. applied solid lipid nanoparti-
cles/xanthan gum-based coating on guava cv. Media China and extended the shelf life of
fruits at 10 ◦C for 32 days [145]. Nano-particles-based coatings were found to be effective at
controlling the nutritional and other biochemical properties of guava fruits. González-Reza
et al. also investigated the effect of solid lipid nanoparticles on fresh-cut guava fruits. They
reported that the lipid-nano-particle-based coating was effective in extending shelf life of
guava fruits, control browning index, and maintaining firmness and sensory characteristics
during the storage period for 22 days (at 7 ◦C and 85% of RH) [28]. Arroyo concludes that
the addition of 1% nano ZnO in chitosan (100%) or chitosan (90%) blend with alginate
(10%)-based edible coatings maintains the shelf life of guava for 15 days at 21 ± 1 ◦C and
80 ± 2% RH, compared to control sample (without coating) of 7 days [138]. The increase
in shelf life is attributed to the addition of nano ZnO, which not only improved the water
barrier properties of the coating but also exerted antimicrobial action during storages of
the guava. Zambrano-Zaragoza et al. reported that SLNs (solid lipid nano particles) made
from Carnauba wax (65 g/L) are dispersed with xanthan gum (4 g/L) and polyethylene
glycol (5 g/L) to form a filmogenic dispersion [146]. Gad and Zagzog claim that edible
coatings made from xanthan gum (1%) along with 0.2% chitosan nano particle could extend
the shelf life of guava by 35 days at 8 ± 1 ◦C and RH 85–90%, followed by shelf life of
5 days at 20 ◦C [147]. The application of dispersion on guava by dipping method helped
maintain the quality of guava for 30 days at 10 ◦C and 85% RH, followed by 5 days at
room temperature (25 ◦C). The addition of SLN produced a homogenous coating on guava,
which resulted in reduced respiration and transpiration rate from the skin of guava, leading
to an extension of shelf life.

4. Effect of Packaging Technologies on Postharvest Characteristics of Guava Fruits
4.1. Physiological Weight Loss (PLW)

Physiological loss in weight (PLW) is considered a major factor for the short shelf
life of the guava fruits since it causes shriveling and browning. The weight loss of the
fruits has been gradually decreased in both control and treated (packaged) fruits, but a
significantly higher loss in physiological weight has been found in control as compared
to treated [148]. Hernández-Muñoz has reported that PLW primarily reflects the moisture
evaporation and respiration rate between the surrounding environment and fruit tissue due
to influence of postharvest treatments [149]. The PLW of guava fruits is generally attributed
to loss of the free and bound moisture through respiration and evapotranspiration. The
higher rates of respiration and moisture evapotranspiration are generally caused by weight
loss in guava fruits and affect the shelf life and quality parameters such as firmness and
visual appearance. [150]. Various researchers reported that the application of postharvest
management and packaging materials (MAP, GAP, edible packaging, nano-coating, etc.)
treatment improved the shelf life of guava fruits and reduced the loss in physiological
weight [24,33,147]. Singh and Pal investigated the effect of control atmosphere packaging
on weight loss of guava fruits cv. Lucknow-49′, ‘Allahabad Safeda’, and ‘Apple Color’.
They reported the application of control atmosphere (2.5, 5, 8, and 10 kPa O2, with 2.5,
5, and 10 kPa CO2) was effective in the prevention of physiological weight loss in guava
fruits during the storage period at 8 ◦C [11]. Zambrano-Zaragoza et al. The authors of [146]
reported the prevention and beneficial effect of the lipid nanoparticles on the weight
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loss of guava fruits during storage period for 30 days at 10 ◦C, due to minimizing the
respiration rate and barrier against water loss. Previous researchers—Jacomino et al. [151];
Sunjka et al. [152]; and Mangaraj et al. [24] reported that the MAP is a potential technology
to prevent physiological loss in weight of guava fruits by controlling the respiration,
oxidation, and water transpiration. Krishna and Rao [117] investigated the effect of chitosan-
based edible coatings on guava fruits cv. Allahabad safeda and found that the application
of chitosan-based edible packaging had the potential to retard the weight loss of guava
during the storage period (28–32 ◦C and 32–41% RH), and extend the shelf life for 7 days,
probably due to delaying ripening process, reduction of respiration rate, and maintenance
of the rigidity of guava fruits.

4.2. Respiration Rate

Guava is a predominately climacteric fruit that continues to respire after harvesting
and shows a climacteric peak in a short period of usually 24–48 h depending upon the
temperature of storage conditions. The early onset of climacteric peak results in an increase
in respiration rate, and other biochemical changes such as shifting of skin color, increase in
TSS, decrease in acidity, and firmness of the fruit [3,21,153]. The increase in respiration rate
results in the breakdown of complex biomolecules, in either presence or absence of oxygen,
into byproducts such as water and carbon dioxide, along with metabolic heat. Oxygen plays
a critical role in the respiration rate of guava because limiting the concentration of oxygen
can cause a reduction in respiration. The aim of packaging technologies such as edible films
and MAP is to delay the onset of climacteric peak by modifying the atmosphere surrounding
the guava, thereby reducing the respiration rate, ultimately leading to increased shelf life.
In Pedro Sato guava coated with hydroxypropyl methylcellulose and beeswax stored
at 21 ± 0.3 ◦C and relative humidity of 77± 6%, there was a reduction of 12% in respiration
rate of coated guava as compared to control samples on the sixth day of storage [34].
Murmu and Mishra reported that edible coatings of guava with Arabic gum with sodium
caseinate and Tulsi extract stored at 7 days of storage at 28 ± 2 ◦C resulted in a decrease
in the average O2 consumption rate of 10.08 cm3/kg h in coated samples as compared to
control samples (24.49 cm3/kg h), indicating that a reduction in respiration rate led to an
extension of shelf life from 3 days (uncoated) to 7 days for coated samples [17]. A similar
study was conducted by Nair et al. who concluded that edible coatings made from chitosan
incorporated with pomegranate peel extract reduced the respiration rate of guava by 28.6%
as compared to uncoated samples. The decrease in respiration rate was attributed to the
creation of semi-permeable barrier that modified the internal gaseous composition O2 and
CO2 in such a way that it had a positive effect on respiration rate that delayed the ripening
process [33].

4.3. Ethylene Production

Ethylene (C2H4) is a plant hormone that induces ripening and is responsible for the
activity of various enzymes that brings physiological and biochemical changes to fruit.
Because guava is a climacteric fruit, the ethylene production peak is attained during the
initial stages of ripening, and in most of the guava cultivars it does not coincide with the
respiratory peak [11,21,47,154]. For biosynthesis of ethylene, oxygen is the main substrate
that helps the activity of enzymes such as ACC synthase and ACC oxidase, for the synthesis
of ethylene hormone [155–157]. In the presence of limited oxygen, the biosynthesis of
ethylene slows down due to a decrease in respiration rate. Packaging technologies such as
edible films and MAP work by limiting the oxygen by creating a semi-permeable barrier to
gaseous exchange that results in suppression of respiration rate, which ultimately enhances
the shelf life of guava. Formiga et al. reported that in Pedro Sato guava coated with
edible coatings, no peak of ethylene was observed, whereas in the uncoated sample the
ethylene peak (12.9 µL of ethylene kg−1h−1) was observed after six days of storage [34].
Vishwasrao and Ananthanarayan, reported that edible coating of hydroxypropyl methyl
cellulose and palm oil delays the ethylene peak from 3 days for the control sample to 6
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days for coated sample stored at 24 ± 1 ◦C and 65 ± 5% RH [129]. The delay in ethylene
production contributes to an increase in the shelf life of guava from 9 days (uncoated
sample) to 12 days for coated samples. Many researchers have reported that edible coatings
are effective in delaying ethylene production during storage of guava [22,158,159].

4.4. Color

The color of the guava skin generally varies from light green to yellow depending upon
the stage of maturity, and pulp color can be white, creamy, pink, or light red depending
upon the guava variety. Generally, during the ripening stage there is a change in skin color
of guava from green (mature green stage), to greenish-yellow, to yellow of 40–70%, and
to yellow of more than 70%. The quantitative estimation of fruit color is done by using
colorimeter technique color models such as RGB (red, green, and blue) and CIELAB (L*, a*,
b* values) models [24]. In CIELAB models, L* denotes lightness and its values vary from
0 (black color) to 100 (white color); a* and b* values vary from +60 to −60, negative value
of “a” denotes the color change from blue to green, while a positive value of b denotes
the yellow color. L*, a*, and b* of Bandipur guava at a mature green stage were reported
as 57.83 ± 5.16, −17.58 ± 2.59, and 39.41 ± 3.47, respectively. The change in color from
green to yellow during ripening is generally attributed to changes in pigment content,
such as a decrease in chlorophyll content and an increase in carotenoid content. Siqueira
et al. reported that during ripening, the color of plume guava stored at 27 ◦C changed
from green to yellow due to a 72% reduction in chlorophyll content and 400% increase in
carotenoids content [160]. Moreover, the enzymatic activity of polyphenol oxidase in the
presence of oxygen leads to browning of skin, which affects the color of fruit [38]. Packaging
technologies such as edible coatings and modified atmospheric packaging have shown
the retention of green color during storage of guava [24,96]. Etemadipoor et al. reported
that edible coatings helped to maintain the green color of guava by slowing down the rate
of chlorophyll degradation, which was evident from values of L* and a*, which were not
significantly affected by the use of the edible coatings [25]. Germano et al. also reported
that coating of guava with edible films resulted in a decrease in chlorophyll content by
19.80%, whereas in uncoated samples the reduction in chlorophyll was 86.94% [161]. de
Aquino et al. and Santos et al. confirmed that edible coatings confer better retention of
green color of guava fruits as compared to uncoated [144,158].

4.5. Total Soluble Solid (TSS)

Total soluble solids (TSS) are important indicators of the sweetness of the fruit and are
generally correlated with fruit maturity and ripeness. During the process of ripening, there
is an increase in the TSS content due to the hydrolysis of starch into simpler sugars such
as fructose and glucose [3,38]. Because guava is a climacteric fruit, there is an increased
rate of respiration with a high rate of metabolic activity during its storage, resulting in the
acceleration of starch hydrolysis. Moreover, the physiological loss of water during storage
of guava, there is oxidation of organic acid which helps in increasing the TSS of guava
fruit [129,162]. Various packaging technologies such as edible packaging and modified
atmospheric packaging are effective at reducing the increase in TSS content of guava
fruit by reducing the rate of respiration and providing a barrier to moisture loss [7,24,158].
Etemadipoor et al. reported that edible coatings of guava reduced the increase in TSS stored
at 10 ◦C. The maximum increase in TSS occurred in uncoated guava (48.79%), whereas in
coated guava level of increase was only 29.93% [38].

4.6. Titratable Acidity (TA)

Titratable acidity (TA) is another parameter that affects the eating quality of fruit.
Titratable acidity measures the amount of acid present in the fruit that is titratable. Ascorbic
acid, malic acid, and citric acid are the predominant organic acids present in guava, and
these organic acids are used as the main substrate for respiration and other metabolic
activities. During storage of guava, there is a continuous increase in respiration rate, which
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results in loss of organic acid there due to a decline in TA [163]. Edible coatings can
minimize the losses in TA during the storage of guava. Etemadipoor et al. [38] reported that
edible-coated guava effectively maintained the TA 2.93 times more than the TA of uncoated
guava stored at (at 10 ± 1 ◦C and 90% relative humidity) for 28 days. Vishwasrao and
Ananthanarayan also showed that the TA of coated samples (0.89) after 9 days of storage
is almost the same for uncoated samples (0.87) after 6 days of storage [129]. The reason
for minimizing the TA losses in edible-coated guava is the creation of a semipermeable
membrane by the coating material around the fruit. The coating material allowed the
selective permeation of oxygen molecules that resulted in a reduction in respiration rate
and preventing the oxidation of organic acids during storage [164,165].

4.7. Firmness

Firmness is an important quality parameter for determining the intactness of the cell
wall constituents and the overall acceptability of fruit. During the ripening process or
storage of fruit after optimum maturity, there are gradual decreases in firmness due to
the dissolution of cell wall constituents and alterations of pectin fractions by an increase
in enzymatic activity of pectin hydrolyzing enzymes such as polygalacturonase (PG) and
pectinesterase (PE), resulting in a reduction in cell-to-cell adhesion and solubilization of
pectin [7,166–169]. Various researchers have reported the different methods for measur-
ing the firmness of guava fruit, and the most widely used methods are texture profile
analysis (TPA), puncture strength, and compression test [24,38]. The firmness of fruit
depends upon the stage of maturity and the variety of fruit and is influenced by different
packaging technologies such as edible coatings and MAP. Etemadipoor et al. reported
that edible coatings made from 10% gum Arabic enriched with 1% cinnamon are more
effective at maintaining fruit firmness (40.27 N) after 28 days of storage at 10 ◦C than
the uncoated samples (19.2 N) [25]. Germano et al. claim that edible coatings made from
Galactomannan-carnauba wax maintained the firmness of guava from its initial value of
65.06 ± 4.87 N to 56.46 ± 15.01 N after six days of storage at ambient temperature 25 ◦C,
where, as in uncoated samples during the same period, the firmness value was reduced
from 65.06 ± 4.87 N to 6.72 ± 0.86 N. The decrease in firmness value is attributed to the
increase in enzymatic activity of lipid peroxidation (LP), increase in PME activity, and
decrease in PG activity, which resulted in loss of cell membrane fluidity, integrity, and
solubilizations of pectin present in the cell wall [161]. Murmu and Mishra reported that
edible coatings of Arabic gum with sodium caseinate and Tulsi extract maintained the
firmness (37± 7 N) after seven days of storage at 28± 2 ◦C, compared to uncoated samples
(14.81 ± 7.23 N) [17]. Various researchers also reported that edible films are effective at
maintaining the firmness of guava during storage by maintaining the barrier to water vapor
and decreasing respiration and ethylene production. As enzyme activity is dependent
upon oxygen, the change in concentration of oxygen around fruit can effectively help in
the retention of firmness [155,170].

4.8. Ascorbic Acid (AA)

Guava is considered one of the richest sources of vitamin C or ascorbic acid (AA) and
is vital for human beings because of its inherent immune protection properties. The AA
content in guava varies from 100–300 mg/100 g or even more depending upon the guava
variety. The ascorbic acid content in guava is maximum at the mature green stage and
subsequently starts decreasing during ripening or storage, and the decrease in ascorbic acid
is due to the oxidation of ascorbic acid into dehydroascorbic acid by the action of ascorbic
acid oxidase [7,16]. The oxidation of ascorbic acid can be minimized by use packaging
such as MAP and edible coatings on guava because these technologies aim at limiting the
oxygen concentration around the product, which helps decrease the oxidation of ascorbic
acid by ascorbate oxidase. Etemadipoor et al. reported that coatings of guava with 10%
gum Arabic with 1% cinnamon essential oil increased the retention of ascorbic acid during
storage of guava at 10 ◦C for 28 days [38]. Murmu and Mishra reported that edible coatings
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can effectively retain the ascorbic acid content (45–67% retention) better than the uncoated
sample (29–33%) stored at 4–7 ◦C & 80% RH. Mangaraj et al. [24] also demonstrated that
reducing the oxygen concentration to as low as 5% in the package can better retain ascorbic
acid, compared to unpacked guava stored at ambient temperature [8].

4.9. Microbial Decay

Microbial decay in guava fruits mainly occurs due to E. coli, M. luteus, P. vulgaris,
E. aerogens, B. subtilis, B. megaterium, B. cereus, S. aureus, S. dysenteriae, K. pneumoniae, S.
epidermidis [62], Phoma spp., Penicilium spp., Aspergillus spp., and Colletotrichum spp. [63],
which cause green/blue mold rot, grey/brown rot, aspergillus rot, mucor rot, phomopsis
rot, rhizopus rot, and soft rot, respectively. Sandarani et al. reported that the application
of MAP technology can reduce microbial growth and deterioration effects on guava fruits
during the storage period [171]. Lima et al. investigated the effect of MAP technology
(PVC) on guava fruits cv. Paluma reported that the application of MAP can control the
growth of viable mesophylic microorganisms and prolong the shelf life of guava fruits
for up to 6 days at 3 ◦C [5]. Arroyo et al. investigated the effect of active antimicrobial
edible coatings with nanoparticles on postharvest physiology of guava fruits at 21 ± 1 ◦C
and 80 ± 2% RH and found out that the incorporation of the active ingredients in edible
coatings controls the growth of microbes, which helps to prolong the shelf life of guava
fruits [138]. Othman et al. used sunflower and marjoram essential oils as active ingredients
with carboxymethyl cellulose- and alginate-based edible coatings to improve the microbial
stability and prolong the shelf life of guava fruits during a storage period of 28 days [136].
They also found that the application of essential-oil-enriched edible coatings was effective
at controlling the growth of mold, yeast, psychrophilic bacterial counts, and total bacterial
counts in guava fruits during the storage. Many researchers have reported that applications
of postharvest packaging technologies, such as MAP, CAP, edible packaging, antimicrobial
packaging, and nano packaging, have the potential to provide microbial safety for guava
fruits and prolong shelf life by reducing deterioration effects and chilling injuries [7,33].

4.10. Chilling Injury

Chilling injury of the guava fruits can cause them to adopt a mature green color
and can cause external and internal browning (skin and flesh) of the fruits during the
storage period [172]. Chilling injury of the guava fruits is directly linked to the changing of
cell membranes in these fruits [173]. Recommended cold storage temperature for guava
fruits has been reported as 10 ◦C, to protect the guava fruits from chilling injury [174].
The direct effect of the low storage temperature can responsible for the loss of integrity
of the fruits; increase the lipid oxidation process and levels of reactive oxygen species
(ROS); and have an impact on the quality and safety of guava, as well as economic conse-
quences [175]. The chilling injury symptoms of guava fruits include post-ripening decay
and damage [176]. Apart from that, various postharvest packaging technologies and treat-
ments have been applied previously to protect guava fruits from chilling injury and prolong
their shelf life [173]. The applications of postharvest management and packaging tech-
nologies can protect guava fruits from chilling injury, and many researchers have proved
this. Antala et al. [29]; Kumar et al. [79]; and Murmu and Mishra have reported that MAP
technology has the potential to prevent guava from chilling injury at low temperatures and
minimize lipid peroxidation and browning [8]. Many researchers have confirmed that the
application of edible coatings and films with active ingredients, i.e., essential oils, plant
extracts, and nano materials, has a beneficial impact on guava fruits and helps to prevent
chilling injury and oxidative stress [33,38,129,136].

4.11. Sensory Characteristics

Sensory characteristics are important parameters for judging the quality of fresh guava
and its marketability and acceptability to consumers. Fresh guava is characterized by
its sweet taste and peculiar aroma due to the presence of volatile compounds such as
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(Z)-3-Hexenal and cinnamyl acetate [177]. Its sensory characteristics such as taste, aroma,
and texture depend on the stage of maturity, varieties, and storage conditions of guava.
The effect on the sensory properties of the guava fruits is studied by various researchers,
and it is concluded that edible coatings are effective at maintaining the sensory properties
of guava during storage period [8,37,178]. A study by Anjum et al. demonstrated that
edible coatings made from gum Arabic and ginger scored higher sensory ratings for taste
(6.66) and aroma (7) on 9-point hedonic scale than uncoated samples (2.66 taste score and
3.33 aroma score). In another study, de Olivera et al. pointed out that edible coatings of
chitosan with lemongrass essential oil scored higher sensory number on hedonic scale for
color, firmness, and overall acceptability than uncoated samples after 5, 10, and 15 days of
storage. The increased preference for edible-coated fruit is probably due to the delay in
the ripening-associated changes and maintenance of textural properties [179]. Olivera et al.
also observed the positive effect of edible coatings on the sensory characteristics of guava
and reported that for measuring the purchasing intention of guava, 90% of sensory panelist
gave a score of 4 or 5 (probably would buy and would certainly buy) for the edible-coated
guava and 78% of panelist gave a score of 1 or 2 (certainly would not buy and probably
would not buy) for the uncoated samples after 15 days of storage [180].

The literature review on packaging technologies have clearly demonstrated the posi-
tive effect on the shelf life of the guava fruit at different storage condition. In nutshell, the
main outcomes of packaging technologies on the postharvest characteristics of guava fruits
are listed in Table 4.

Table 4. Main outcomes of the effect of packaging technologies on guava fruits.

S.No. Key Quality
Attributes Outcomes of the Effect of Packaging Technologies References

1. Weight Loss

Packaging technologies are more effective at controlling weight loss
than unpackaged/uncoated fresh guava due to the water barrier
properties offered by the packaging material that slows down the

transpiration rate along with migration of water vapor from the surface
of fresh produce to the external environment.

[11,24,33,147,149]

2. Respiration Rate

Packaging technologies aim at modifying the gaseous atmosphere
surrounding the guava in such a way that reduces the respiration rate

and delays the onset of respiratory peak due to the selective
permeability of O2 and CO2 offered by the packaging materials. The

reduction in respiration rate delays the ripening-associated changes in
the guava fruit during storage.

[17,21,33,34]

3. Ethylene
Biosynthesis

Packaging technologies such as MAP and edible coatings delay
ethylene biosynthesis and its accumulation during the ripening of
guava due to decrease in the respiration rate and reduction in the
activity of various enzymes involved in biosynthesis of ethylene.

[34,129,155–157]

4. Color

Retention of green color of the fresh guava in packaged form as
compared to uncoated samples during the storage due to the lowering

of respiration rate and inhibition of browning, causing
enzymatic activity.

[24,25,144,158,160]

5. Firmness

Packaging technologies are effective at retaining the firmness of fresh
guava due to limiting the oxygen concentration, which in turn delays

the solubilizing of pectin and slows down the activities of
cell-walldegrading enzymes such as polygalacturonase (PG) and

pectinesterase (PE).

[17,24,25,161,167,168,170]

6.
Total Soluble Solids
(TSS) and Titrable

Acidity (TA)

Packaging technologies slow downs the increase in TSS and TA during
the storage of guava by lowering the respiration rate, which slows

down the hydrolytic activity of enzymes associated with the hydrolysis
of complex biomolecules such as carbohydrates and organic acids.

[7,24,38,129,162,163]
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Table 4. Cont.

S.No. Key Quality
Attributes Outcomes of the Effect of Packaging Technologies References

7. Ascorbic Acid

Packaging technologies aim at delaying or preventing the oxidation of
ascorbic acid by ascorbate oxidase due to limiting the oxygen

concentration and improve the retention of ascorbic acid in fresh guava
during storage.

[7,8,16,38]

8. Microbial Decay

Packaging technologies offer an external barrier to fresh guava for the
inhibition or reduction of microbial population. Edible coatings with
antimicrobial agents are effective at reducing total yeast, mold, and

bacterial counts and preventing microbial-spoilage-associated changes.

[5,136,138,171]

9. Chill Injuries

Packaging technologies such as MAP and edible coatings have the
potential to reduce the incidence of chilling injury in fresh guava by

minimizing lipid peroxidation and browning-associated changes
during low temperature storage.

[8,29,38,79,173,174]

10. Sensory Properties

The application of packaging technologies on fresh guava fruit
improves or maintains the overall sensory characteristics better than
uncoated/unpackaged fruit due to the delay in ripening-associated

changes induced by lowering of respiration rate and
ethylene biosynthesis.

[8,37,177–180]

5. Conclusions

The use of postharvest technologies such as modified atmosphere packaging (MAP),
controlled atmosphere packaging (CAP), edible packaging, composite packaging, antimi-
crobial/antifungal packaging, and nano packaging, to enhance and delay ripening, respec-
tively, can significantly reduce postharvest losses of guava fruit throughout the storage and
value chain. Controlling the respiration rate, reducing weight loss, minimizing lipid oxida-
tion, and maintaining the organoleptic properties of guava fruit is useful, especially during
peak season and storage. The proper use of postharvest technologies such as modified
atmosphere packaging (MAP), controlled atmosphere packaging (CAP), edible packaging,
composite packaging, antimicrobial/antifungal packaging, and nano packaging will lead to
an increase in the safety of guava fruits and adherence to quality standards for international
and national markets. The advantage of using these postharvest technologies on guava
fruits has been emphasized with strong research evidence. Despite the advantages of
postharvest technologies, only a few packaging systems are commercialized due to food
safety regulations, consumer acceptance, and high cost. Therefore, more research is needed
to develop an effective packaging system for guava that is cheaper and has better food
safety regulations. Future research also needs to consider combining applications, i.e., com-
posite and hurdle technology, to enhance shelf life and maintain postharvest characteristics
such as consumer acceptance, commercial availability, cost-effectiveness, safety, and legal
aspects of guava fruit, over the storage period. However, the implementation of some of
these postharvest technologies should be expected in the future to minimize postharvest
losses of guava and contribute to environmental sustainability.

Author Contributions: Writing—original draft preparation, A.Y., N.K., A.U., M.K. and M.M.; super-
vision, writing—review and editing, A.U., M.K.M. and K.J.; writing review and editing, visualization,
and software, G.Z., O.A.F., S.R., D.C. and M.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article.



Plants 2022, 11, 547 22 of 28

Acknowledgments: The authors would like to thank the University of Kiel and Schleswig-Holstein
for the support through the OA program.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Nguyen, T.T.; Bhandari, B.; Cichero, J.; Prakash, S. A comprehensive review on in vitro digestion of infant formula. Food Res. Int.

2015, 76, 373–386. [CrossRef] [PubMed]
2. Pommer, C.V.; Murakami, K.R.N. Breeding guava (Psidium guajava L.). In Breeding Plantation Tree Crops: Tropical Species; Jain, S.M.,

Priyadarshan, P.M., Eds.; Springer: New York, NY, USA, 2009; Volume 8, pp. 3–120.
3. Singh, S.P. Guava (Psidium guajava L.). Postharvest Biology and Technology of Tropical and Subtropical Fruits. In Cocona to Mango;

Yahia, E.M., Ed.; Woodhead Publishing Limited: Cambridge, UK, 2011; Volume 3, pp. 213–245.
4. Mitra, S.K.; Irenaeus, T.K.S.; Gurung, M.R.; Pathak, P.K. Taxonomy and importance of Myrtaceae. Acta Hortic. 2012, 959, 23–34.

[CrossRef]
5. Lima, M.S.; Pires, E.M.; Maciel, M.I.; Oliveira, V.A. Quality of minimally processed guava with different types of cut, sanification

and packing. Food Sci. Technol. 2010, 30, 79–87. [CrossRef]
6. Mangaraj, S.; Goswami, T.K. Measurement and modeling of respiration rate of guava (cv. Baruipur) for modified atmosphere

packaging. Int. J. Food Prop. 2011, 14, 609–628. [CrossRef]
7. Murmu, S.B.; Mishra, H.N. The effect of edible coating based on Arabic gum, sodium caseinate and essential oil of cinnamon and

lemon grass on guava. Food Chem. 2018, 245, 820–828. [CrossRef]
8. Murmu, S.B.; Mishra, H.N. Post-harvest shelf-life of banana and guava: Mechanisms of common degradation problems and

emerging counteracting strategies. Innov. Food Sci. Emerg. Technol. 2018, 49, 20–30. [CrossRef]
9. Nasima, N.; Swaminathan, V.; Rajangam, J.; Venkatesan, K. Response of post-harvest dipping on shelf-life and quality of guava

(Psidium guajava L.) fruits under cold storage. Int. J. Chem. Stud. 2019, 7, 1901–1905.
10. Government of India; Ministry of Agriculture & Farmers’ Welfare. Horticultural Statistics at a Glance 2018. 2019. Available online:

http://agricoop.nic.in/sites/default/files/Horticulture%20Statistics%20at%20a%20Glance-2018.pdf (accessed on 12 December 2021).
11. Singh, S.P.; Pal, R.K. Controlled atmosphere storage of guava (Psidium guajava L.) fruit. Postharvest Biol. Technol. 2008, 27, 296–306.

[CrossRef]
12. Reyes, M.U.; Paull, R.E. Effect of storage temperature and ethylene treatment on guava (Psidium guajava L.) fruit riprning.

Postharvest Biol. Technol. 1995, 6, 357–365. [CrossRef]
13. Jain, N.; Dhawan, K.; Malhotra, S.; Singh, R. Biochemistry of fruit ripening of guava (Psidium guajava L.): Compositional and

enzymatic changes. Plant Foods Hum. Nutr. 2003, 58, 309–315. [CrossRef]
14. Cavalini, F.C.; Jacomino, A.P.; Trevisan, M.J.; Miguel, A.C.A. Ponto de colheita e qualidade de goiabas Kumagai’ e’ Paluma.

Rev. Bras. Frutic. 2015, 37, 64–72. [CrossRef]
15. Javed, M.S.; Randhawa, M.A.; Butt, M.S.; Nawaz, H. Effect of calcium lactate and modified atmosphere storage on biochemical

characteristics of guava fruit. J. Food Process. Preserv. 2015, 40, 657–666. [CrossRef]
16. Sahoo, N.R.; Panda, M.K.; Bal, L.M.; Pal, U.D.; Sahoo, D. Comparative study of MAP and shrink wrap packaging techniques for

shelf–life extension of fresh guava. Sci. Hortic. 2015, 182, 1–7. [CrossRef]
17. Murmu, S.B.; Mishra, H.N. Optimization of the arabic gum based edible coating formulations with sodium caseinate and tulsi

extract for guava. LWT 2017, 80, 271–279. [CrossRef]
18. Teixeira, D.A.G.H. Subtropical fruits: Guavas. In Controlled and Modified Atmospheres for Fresh and Fresh-Cut Produce; Academic

Press: Cambridge, MA, USA, 2020; pp. 435–445.
19. Jha, S.N.; Vishwakarma, R.K.; Ahmad, T.; Rai, A.; Dixit, K. Report on Assessment of Quantitative Harvest and Post-Harvest Losses

of Major Crops and Commodities in India; Joint Publication of ICAR and All India Coordinated Research Project on Post-Harvest
Technology: Ludhiana, India, 2015.

20. Bron, I.U.; Ribeiro, R.V.; Cavalini, F.C.; Jacomino, A.P.; Trevisan, M.J. Temperature-related changes in respiration and Q10
coefficient of guava. Sci. Agric. 2005, 62, 458–463. [CrossRef]

21. Porat, R.; Weiss, B.; Zipori, I.; Dag, A. Postharvest longevity and responsiveness of guava varieties with distinctive climacteric
behaviors to 1-methylcyclopropene. HortTechnology 2009, 19, 580–585. [CrossRef]

22. Hong, K.; Xie, J.; Zhang, L.; Sun, D.; Gong, D. Effects of chitosan coating on postharvest life and quality of guava (Psidium guajava L.)
fruit during cold storage. Sci. Hortic. 2012, 144, 172–178. [CrossRef]

23. Liu, T.C.; Liu, Y.C.; Chen, K.E.; Chao, C.W.; Wu, C.T. The nonclimacteric guava cultivar ‘Jen-Ju Bar’ is defective in system 2
1-aminocyclopropane-1-carboxylate synthase activity. Postharvest Biol. Technol. 2012, 67, 10–18. [CrossRef]

24. Mangaraj, S.; Goswami, T.K.; Giri, S.K.; Joshy, C.G. Design and development of modified atmosphere packaging system for guava
(cv. Baruipur). J. Food Sci. Technol. 2014, 51, 2925–2946. [CrossRef]

25. Etemadipoor, R.; Ramezanian, A.; Dastjerdi, A.M.; Shamili, M. The potential of gum arabic enriched with cinnamon essential
oil for improving the qualitative characteristics and storability of guava (Psidium guajava L.) fruit. Sci. Hortic. 2019, 1, 101–107.
[CrossRef]

http://doi.org/10.1016/j.foodres.2015.07.016
http://www.ncbi.nlm.nih.gov/pubmed/28455017
http://doi.org/10.17660/ActaHortic.2012.959.2
http://doi.org/10.1590/S0101-20612010000100012
http://doi.org/10.1080/10942910903312403
http://doi.org/10.1016/j.foodchem.2017.11.104
http://doi.org/10.1016/j.ifset.2018.07.011
http://agricoop.nic.in/sites/default/files/Horticulture%20Statistics%20at%20a%20Glance-2018.pdf
http://doi.org/10.1016/j.postharvbio.2007.08.009
http://doi.org/10.1016/0925-5214(95)00007-S
http://doi.org/10.1023/B:QUAL.0000040285.50062.4b
http://doi.org/10.1590/0100-2945-013/14
http://doi.org/10.1111/jfpp.12645
http://doi.org/10.1016/j.scienta.2014.10.029
http://doi.org/10.1016/j.lwt.2017.02.018
http://doi.org/10.1590/S0103-90162005000500008
http://doi.org/10.21273/HORTSCI.19.3.580
http://doi.org/10.1016/j.scienta.2012.07.002
http://doi.org/10.1016/j.postharvbio.2012.01.007
http://doi.org/10.1007/s13197-012-0860-3
http://doi.org/10.1016/j.scienta.2019.03.021


Plants 2022, 11, 547 23 of 28

26. Forato, L.A.; de Britto, D.; de Rizzo, J.S.; Gastaldi, T.A.; Assis, O.B.G. Effect of cashew gum-carboxymethylcellulose edible coatings
in extending the shelf-life of fresh and cut guavas. Food Packag. Shelf Life 2015, 5, 68–74. [CrossRef]

27. Mamede, A.M.; Barboza, H.T.; Soares, A.G.; Neves, J.A.C.; de Oliveira, F.M.J. Postharvest physiology and technology for fresh
guavas. In Cultivation to Consumption and Health Benefits; Nova Science Publishers: New York, NY, USA, 2016; pp. 91–108.

28. González-Reza, R.M.; García-Betanzos, C.I.; Sánchez-Valdes, L.I.; Quintanar-Guerrero, D.; Cornejo-Villegas, M.A.; Zambrano-
Zaragoza, M.L. The functionalization of nanostructures and their potential applications in edible coatings. Coatings 2018, 8, 160.
[CrossRef]

29. Antala, D.K.; Varshney, A.K.; Davara, P.R.; Sangani, V.P. Modified atmosphere packaging of guava fruit. Packag. Technol. Sci. 2015,
28, 557–564. [CrossRef]

30. Teixeira, G.H.; Júnior, L.C.C.; Ferraudo, A.S.; Durigan, J.F. Quality of guava (Psidium guajava L. cv. Pedro Sato) fruit stored
in low–O2 controlled atmospheres is negatively affected increasing levels of CO2. Postharvest Biol. Technol. 2016, 111, 62–68.
[CrossRef]

31. Rana, S.; Siddiqui, S.; Gandhi, K. Effect of individual vacuum and modified atmosphere packaging on shelf life of guava.
Int. J. Chem. Stud. 2018, 6, 966–972.

32. Gurjar, P.S.; Killadi, B.; Lenka, J.; Shukla, D.K. Effect of gum arabic coatings on physico-chemical and sensory qualities of guava
(Psidium guajava L.) cv. Shweta. Int. J. Curr. Microbiol. 2018, 7, 3769–3775. [CrossRef]

33. Nair, M.S.; Saxena, A.; Kaur, C. Effect of chitosan and alginate-based coatings enriched with pomegranate peel extract to extend
the postharvest quality of guava (Psidium guajava L.). Food Chem. 2018, 240, 245–252. [CrossRef]

34. Formiga, A.S.; Junior, J.S.; Pereira, E.M.; Cordeiro, I.N.; Mattiuz, B.H. Use of edible coatings based on hydroxypropyl methylcellu-
lose and beeswax in the conservation of red guava ‘Pedro Sato’. Food Chem. 2019, 290, 144–151. [CrossRef]

35. Onias, E.A.; Araújo, R.H.; Queiroga, T.B.; Teodosio, A.E.; Onias, E.A.; Ferreira, A.P.; Rodrigues, M.H.; Santos, A.D.; Oliveira, Á.M.;
Medeiros, M.L. Coating guava postharvest with the use of starch of tamarind seed and pomegranate seed oil. J. Agric. Sci. 2019,
11, 313–324. [CrossRef]

36. De Araújo Alves, K.; de Araujo, R.H.; de Oliveira, A.M.; de Morais, F.A.; Onias, E.A.; de Medeiros, T.A.E.; Ferreira, A.P.; de Lima,
J.F.; Dias, G.A. Nutraceutical coating composition for postharvest conservation of ’Paluma’ guava. Aust. J. Crop Sci. 2020, 14, 649.
[CrossRef]

37. Anjum, M.A.; Akram, H.; Zaidi, M.; Ali, S. Effect of gum arabic and Aloe vera gel based edible coatings in combination with
plant extracts on postharvest quality and storability of ‘Gola’ guava fruits. Sci. Hortic. 2020, 271, 109506. [CrossRef]

38. Etemadipoor, R.; Dastjerdi, A.M.; Ramezanian, A.; Ehteshami, S. Ameliorative effect of gum arabic, oleic acid and/or cinnamon
essential oil on chilling injury and quality loss of guava fruit. Sci. Hortic. 2020, 266, 109255. [CrossRef]

39. Rathore, D.S. Effect of season on the growth and chemical composition of guava (Psidium guajava L.) fruits. J. Hortic. Sci. 1976, 51,
41–47. [CrossRef]

40. Mercado-Silva, E.; Bautista, P.B.; Velasco, G. Fruit development, harvest index and ripening changes of guavas produced in
Central Mexico. Postharvest Biol. Technol. 1998, 13, 143–150. [CrossRef]

41. Bashir, H.A.; Abu-Goukh, A.A. Compositional changes during guava fruit ripening. Food Chem. 2003, 80, 557–563. [CrossRef]
42. Soares, F.D.; Pereira, T.; Marques, M.O.M.; Monteiro, A.R. Volatile and nonvolatile chemical composition of the white guava fruit

(Psidium guajava L.) at different stages of maturity. Food Chem. 2007, 100, 15–21. [CrossRef]
43. Mondal, K.; Singh, A.P.; Saxena, N.; Malhotra, S.P.; Dhawan, K.; Singh, R. Possible interactions of polyamines and ethylene during

ripening of guava (Psidium guajava L.) fruits. J. Food Biochem. 2008, 32, 46–59. [CrossRef]
44. Bouzayen, M.; Latché, A.; Nath, P.; Pech, J.C. Mechanism of Fruit Ripening. In Plant Developmental Biology—Biotechnological

Perspectives; Pua, E., Davey, M., Eds.; Springer: Berlin/Heidelberg, Germany, 2010; pp. 319–339.
45. Abu-Goukh, A.; Bashir, H.A. Changes in pectic enzymes and cellulose activity during guava fruit ripening. Food Chem. 2003, 83,

213–218. [CrossRef]
46. Brown, B.I.; Wills, R.B.H. Postharvest changes in guava fruits of different maturity. Sci. Hortic. 1983, 19, 237–243. [CrossRef]
47. Azzolini, M.; Jacomino, A.P.; Bron, I.U.; Kluge, R.A.; Schiavinato, M.A. Ripening of “Pedro Sato” guava: Study on its climacteric

or non-climacteric nature. Braz. J. Plant Physiol. 2005, 17, 299–306. [CrossRef]
48. Deepthi, V.P. Physiological and biochemical changes during fruit growth, maturity and ripening of guava: A review.

J. PostHarvest Technol. 2017, 5, 1–6.
49. Bilawal, A.; Hashmi, M.S.; Zareen, S.; Amir, M.N.; Khan, I. Effect of edible gum coating, glycerin and calcium lactate application

on the post-harvest quality of guava fruit. Int. J. Adv. Res. 2017, 1, 23–27.
50. Valencia-Chamorro, S.A.; Palou, L.; del Rio, M.A.; Pérez-Gago, M.B. Antimicrobial edible films and coatings for fresh and

minimally processed fruits and vegetables: A review. Crit. Rev. Food Sci. Nutr. 2011, 51, 872–900. [CrossRef] [PubMed]
51. Mahajan, P.V.; Caleb, O.J.; Singh, Z.; Watkins, C.B.; Geyer, M. Postharvest treatments of fresh produce. Philos. Trans. R. Soc. A

2014, 372, 20130309. [CrossRef]
52. Gross, K.C.; Wang, C.Y.; Saltveit, M. The commercial storage of fruits, vegetables, and florist and nursery crops. In Agriculture

Handbook 66; US Department of Agriculture: Washington, DC, USA, 2002.
53. Irtwange, S.V. Application of modified atmosphere packaging and related technology in postharvest handling of fresh fruits and

vegetables. Agric. Eng. Int. 2006, 4, 1–9.

http://doi.org/10.1016/j.fpsl.2015.06.001
http://doi.org/10.3390/coatings8050160
http://doi.org/10.1002/pts.2110
http://doi.org/10.1016/j.postharvbio.2015.07.022
http://doi.org/10.20546/ijcmas.2018.704.424
http://doi.org/10.1016/j.foodchem.2017.07.122
http://doi.org/10.1016/j.foodchem.2019.03.142
http://doi.org/10.5539/jas.v11n1p313
http://doi.org/10.21475/ajcs.20.14.04.p2264
http://doi.org/10.1016/j.scienta.2020.109506
http://doi.org/10.1016/j.scienta.2020.109255
http://doi.org/10.1080/00221589.1976.11514662
http://doi.org/10.1016/S0925-5214(98)00003-9
http://doi.org/10.1016/S0308-8146(02)00345-X
http://doi.org/10.1016/j.foodchem.2005.07.061
http://doi.org/10.1111/j.1745-4514.2007.00145.x
http://doi.org/10.1016/S0308-8146(03)00067-0
http://doi.org/10.1016/0304-4238(83)90069-9
http://doi.org/10.1590/S1677-04202005000300004
http://doi.org/10.1080/10408398.2010.485705
http://www.ncbi.nlm.nih.gov/pubmed/21888536
http://doi.org/10.1098/rsta.2013.0309


Plants 2022, 11, 547 24 of 28

54. Mangaraj, S.; Thakur, R.R.; Mathangi, R.S.; Yadav, A.; Swain, S. Shelf life enhancement of guava (Psidium guajava cv. Baruipur)
stored under pilot scale modified atmosphere storage system. Food Sci. Technol. Int. 2021, 27, 674–689. [CrossRef]

55. Paul, V.; Pandey, R.; Srivastava, G.C. The fading distinctions between classical patterns of ripening in climacteric and non-
climacteric fruit and the ubiquity of ethylene—An overview. J. Food Sci. Technol. 2012, 49, 1–21. [CrossRef]

56. Tucker, G.A. Introduction. In Biochemistry of Fruit Ripening; Seymour, G., Talor, J., Tucker, G., Eds.; Springer: Dordrecht, The
Netherlands; London, UK, 1993; pp. 1–51.

57. Tatsuki, M. Ethylene biosynthesis and perception in fruit. J. Jpn. Soc. Hortic. Sci. 2010, 79, 315–326. [CrossRef]
58. Abreu, J.R.; Santos, C.D.; Abreu, C.M.; Pinheiro, A.C.; Correa, A.D. Ripening pattern of guava cv. Pedro Sato. Food Sci. Technol.

2012, 32, 344–350. [CrossRef]
59. Lim, T.K.; Manicom, B.Q. Diseases of Guava. Diseases of Tropical Fruit Crops; CABI Publications: Wallingford, UK, 2003; pp. 275–289.
60. Embaby, E.; Hassan, M.K. Decay of guava fruit (Psidium guajava Linn.) quality caused by some mold fungi. Int. J. Agric. Res. 2015,

11, 713–730.
61. Amadi, J.E.; Nwaokike, P.; Olahan, G.S.; Garuba, T. Isolation and identification of fungi involved in the post-harvest spoilage of

guava (Psidium guajava) in Awka metropolis. Int. J. Eng. Sci. 2014, 4, 8269.
62. Chaudhary, L.; Dhaka, T.S. Isolation and identification of bacteria from some spoiled fruits. Plant Arch. 2016, 16, 834–838.
63. Bishnoi, C.; Sharma, R.K. Influence of storage temperature on decay loss and microbial quality of stored guava (Psidium guajava

L.). Int. J. Agric. Environ. Biotechnol. 2015, 8, 621–624. [CrossRef]
64. Tiwari, S. Mechanism of Chilling Injury Amelioration in Guava (Psidium guajava L.) Fruit cv. Allahabad Safeda under Modified

Atmosphere. Ph.D. Thesis, University of Philippines, Los Banos, Philippines, 2005.
65. Valenzuela, J.L.; Manzano, S.; Palma, F.; Carvajal, F.; Garrido, D.; Jamilena, M. Oxidative stress associated with chilling injury in

immature fruit: Postharvest technological and biotechnological solutions. Int. J. Mol. Sci. 2017, 18, 1467. [CrossRef]
66. Palou, L.; Valencia-Chamorro, S.; Pérez-Gago, M. Antifungal edible coatings for fresh citrus fruit: A review. Coatings 2015, 5,

962–986. [CrossRef]
67. Sapper, M.; Chiralt, A. Starch-Based Coatings for Preservation of Fruits and Vegetables. Coatings 2018, 8, 152. [CrossRef]
68. Mangaraj, S.; Goswami, T.K.; Mahajan, P.V. Applications of Plastic Films for Modified Atmosphere Packaging of Fruits and

Vegetables: A Review. Food Eng. Rev. 2009, 1, 133. [CrossRef]
69. Kargwal, R.; Garg, M.K.; Singh, V.K.; Garg, R.; Kumar, N. Principles of modified atmosphere packaging for shelf life extension of

fruits and vegetables: An overview of storage conditions. Int. J. Chem. Stud. 2020, 8, 2245–2252. [CrossRef]
70. Ozturk, A.; Yildiz, K.; Ozturk, B.; Karakaya, O.; Gun, S.; Uzun, S.; Gundogdu, M. Maintaining postharvest quality of medlar

(Mespilus germanica) fruit using modified atmosphere packaging and methyl jasmonate. LWT 2019, 111, 117–124. [CrossRef]
71. Tabassum, N.; Khan, M. Modified atmosphere packaging of fresh-cut papaya using alginate based edible coating: Quality

evaluation and shelf life study. Sci. Hortic. 2020, 259, 108853. [CrossRef]
72. Zhang, M.; Meng, X.; Bhandari, B.; Fang, Z.; Chen, H. Recent application of modified atmosphere packaging (MAP) in fresh and

fresh-cut foods. Food Rev. Int. 2014, 31, 172–193. [CrossRef]
73. Soltani, M.; Alimardani, R.; Mobli, H.; Mohtasebi, S.S. Modified Atmosphere Packaging; A Progressive Technology for Shelf-Life

Extension of Fruits and Vegetables. J. Appl. Packag. Res. 2015, 7, 33–59.
74. Badillo, G.M.; Segura-Ponce, L.A. Classic and reaction-diffusion models used in modified atmosphere packaging (map) of fruit

and vegetables. Food Eng. Rev. 2020, 12, 209–228. [CrossRef]
75. Combrink, J.C.; De-Kock, S.L.; Van-Ecden, C.J. Effect of postharvest treatment and packaging on the keeping quality of fresh

guava fruit. Acta Hortic. 2004, 275, 539–645.
76. Pereira, L.M.; Rodrigues, A.C.C.; Sarantópoulos, L.; Junqueira, V.C.A.; Cunha, R.L.; Hubinger, M.D. Influence of modified

atmosphere packaging and osmotic dehydration on the quality maintenance of minimally processed guavas. J. Food Sci. 2004, 69,
172–177. [CrossRef]

77. Miano, T.F.; Jokhio, J.A. Effect of different packaging materials and storage conditions on physicochemical characteristics of
guava var Allahabadi. J. Agrofor. Environ. 2010, 4, 33–36.

78. Chandra, D.; Kumar, R. Qualitative effect of wrapping and cushioning materials on guava fruits during storage. HortFlora Res. Spectr.
2012, 1, 318–322.

79. Kumar, K.; Bhagwan, A.; Kumar, A.K.; Venkatlakxmi, K.; Madhavi, K.J. Effect of modified atmosphere packaging (MAP) on
chilling injury and storage life of guava cv. Allahabada safeda stored at 6 ± 1 ◦C. Int. J. Chem. Stud. 2017, 5, 771–776.

80. Paine, F.A.; Paine, H.Y. A Handbook of Food Packaging, 2nd ed.; Springer Science & Business Media: London, UK, 2012; pp. 1–186.
81. Kader, A.A. A summary of CA requirements and recommendations for fruits other than apples and pears. In Proceedings

of the VIII International Controlled Atmosphere Research Conference, Rotterdam, The Netherlands, 8 July 2001; Volume 600,
pp. 737–740.

82. Beaudry, R.M. Effect of O2 and CO2 partial pressure on selected phenomena affecting fruit and vegetable quality.
Postharvest Biol. Technol. 1999, 15, 293–303. [CrossRef]

83. Yahia, E.M. Modified and controlled atmospheres for tropical fruits. In Horticultural Reviews; Janick, J., Ed.; John Wiley & Sons:
New York, NY, USA, 1998; Volume 22, pp. 123–183.

84. Singh, S.P.; Pal, R.K. Postharvest fruit fly disinfestation strategies in rainy season guava crop. Acta Hortic. 2007, 735, 591.
[CrossRef]

http://doi.org/10.1177/10820132211013269
http://doi.org/10.1007/s13197-011-0293-4
http://doi.org/10.2503/jjshs1.79.315
http://doi.org/10.1590/S0101-20612012005000052
http://doi.org/10.5958/2230-732X.2015.00069.8
http://doi.org/10.3390/ijms18071467
http://doi.org/10.3390/coatings5040962
http://doi.org/10.3390/coatings8050152
http://doi.org/10.1007/s12393-009-9007-3
http://doi.org/10.22271/chemi.2020.v8.i3af.9545
http://doi.org/10.1016/j.lwt.2019.05.033
http://doi.org/10.1016/j.scienta.2019.108853
http://doi.org/10.1080/87559129.2014.981826
http://doi.org/10.1007/s12393-020-09214-3
http://doi.org/10.1111/j.1365-2621.2004.tb06343.x
http://doi.org/10.1016/S0925-5214(98)00092-1
http://doi.org/10.17660/ActaHortic.2007.735.76


Plants 2022, 11, 547 25 of 28

85. Teixeira, G.H.; Durigan, J.F. Effect of controlled atmospheres with low oxygen levels on extended storage of guava fruit (Psidium
guajava L. ‘Pedro Sato’). HortScience 2010, 5, 918–924. [CrossRef]

86. Holcroft, D.M.; Kader, A.A. Controlled atmosphere-induced changes in pH and organic acid metabolism may affect color of
stored strawberry fruit. Postharvest Biol. Technol. 1999, 17, 19–32. [CrossRef]

87. Ke, D.; Rodriguez-Sinobas, L.; Kader, A.A. Physiology and prediction of fruit tolerance to low-oxygen atmospheres.
J. Am. Soc. Hortic. Sci. 1991, 116, 253–260. [CrossRef]

88. Teixeira, G.H.A.; Durigan, F.J.; Santos, L.O.; Ogassavara, F.O.; Martins, R.N.; Cunha, J.; Morgado, C.M.A. Effect of controlled
atmosphere with reducing levels of oxygen on incidence of postharvest diseases in guava (Psidium guajaba L. cv. ‘Pedro Sato’). In
Novel Approaches for the Control of Postharvest Diseases and Disorders, Proceedings of the International Congress, Bologna, Italy, 3–5 May
2007; CRIOF, University of Bologna: Bologna, Italy, 2007.

89. Brackmann, A.; Anese, R.D.O.; Both, V.; Thewes, F.R.; Fronza, D. Atmosfera controlada para o armazenamento de goiaba cultivar
‘Paluma’. Rev. Ceres 2012, 59, 151–156. [CrossRef]

90. Qadir, A.; Hashinaga, F. Inhibition of postharvest decay of fruits by nitrous oxide. Postharvest Biol. Technol. 2001, 22, 279–283.
[CrossRef]

91. Murmu, S.B.; Mishra, H.N. Engineering evaluation of thickness and type of packaging materials based on the modified atmosphere
packaging requirements of guava (Cv. Baruipur). LWT 2017, 78, 273–280. [CrossRef]

92. Singh, R.; Giri, S.K. Shelf-life study of guava (Psidium guajava L.) under active packaging: An experiment with potassium
permanganate salt as ethylene absorbent. Arch. Food Hyg. 2014, 65, 32–39.

93. Pandey, S.K. Physicochemical Changes under Bulk Perforated Modified Atmospheric Storage of Guava. Agric. Eng. Today 2018,
42, 42–47.

94. Tripathi, A.D.; Yadav, A.; Jha, A.; Srivastava, S.K. Utilizing of Sugar Refinery Waste (Cane Molasses) for Production of Bio-Plastic
under Submerged Fermentation Process. J. Polym. Environ. 2012, 20, 446–453. [CrossRef]

95. Wikström, F.; Williams, H.; Govindarajan, V. The influence of packaging attributes on recycling and food waste behaviour—An
environmental comparison of two packaging alternatives. J. Clean. Prod. 2016, 137, 895–902. [CrossRef]

96. Yadav, A.; Mangaraj, S.; Singh, R.; Kumar, N.; Arora, S. Biopolymers as packaging material in food and allied industry.
Int. J. Chem. Stud. 2018, 6, 2411–2418.

97. Kumar, N. Polysaccharide-based component and their relevance in edible film/coating: A review. Nutr. Food Sci. 2018, 49,
793–823. [CrossRef]

98. Yousuf, B.; Qadri, O.S.; Srivastava, A.K. Recent developments in shelf-life extension of fresh-cut fruits and vegetables by
application of different edible coatings: A review. LWT 2018, 89, 198–209. [CrossRef]

99. Kumar, N.; Ojha, A.; Singh, R. Preparation and characterization of chitosan—Pullulan blended edible films enrich with
pomegranate peel extract. React Funct. Polym. 2019, 144, 104350. [CrossRef]

100. Bharti, S.K.; Pathak, V.; Alam, T.; Arya, A.; Basak, G.; Awasthi, M.G. Materiality of Edible Film Packaging in Muscle Foods: A
Worthwhile Conception. J. Package Technol. Res. 2020, 4, 117–132. [CrossRef]

101. Salehi, F. Edible Coating of Fruits and Vegetables Using Natural Gums: A Review. Int. J. Fruit Sci. 2020, 20, S570–S589. [CrossRef]
102. Han, J.H. Edible Films and Coatings: A Review. In Innovations in Food Packaging, 2nd ed.; Academic Press: New York, NY, USA,

2005; pp. 213–255.
103. Garcia, M.P.M.; Gomez-Guillen, M.C.; Lopez-Caballero, M.E.; Barbosa-Canovas, G.V. Edible Films and Coating, 1st ed.; CRC Press:

Boca Raton, FL, USA, 2017; p. 585.
104. Umaraw, P.; Munekata, P.E.S.; Verma, A.K.; Barba, F.J.; Singh, V.P.; Kumar, P.; Lorenzo, J.M. Edible films/coating with tailored

properties for active packaging of meat, fish and derived products. Trends Food Sci. Technol. 2020, 98, 10–24. [CrossRef]
105. Suhag, R.; Kumar, N.; Petkoska, A.K.; Upadhyay, A. Film formation and deposition methods of edible coating on food products:

A review. Food Res. Int. 2020, 136, 109582. [CrossRef]
106. Rodrigues, A.A.; Silva, S.D.; Dantas, A.L.; Silva, A.F.; Santos, L.D.; Moreira, D.D. Physiology and postharvest conservation of

‘Paluma’ guava under coatings using Jack fruit seed-based starch. Rev. Bras. Frutic. 2018, 40, 352. [CrossRef]
107. Ahmed, A.; Ali, S.W.; Imran, A.; Afzaal, M.; Arshad, M.S.; Nadeem, M.; Mubeen, Z.; Ikram, A. Formulation of date pit oil-based

edible wax coating for extending the storage stability of guava fruit. J. Food Process. Preserv. 2020, 44, 14336. [CrossRef]
108. Zahid, A.M.; Cheow, C.S.; Norizzah, A.R.; Halimahton, Z.M.; Adi, M.S. Optimization of guava edible coating using response

surface methodology. J. Appl. Hortic. 2010, 12, 97–101. [CrossRef]
109. Ruzaina, I.; Norizzah, A.R.; Zahrah, H.M.; Cheow, C.S.; Adi, M.S.; Noorakmar, A.W.; Zahid, M.A. Utilisation of palm-based and

beeswax coating on the postharvest-life of guava (Psidium guajava L.) during ambient and chilled storage. Int. Food Res. J. 2013,
20, 265.

110. Loai, N.A.; Som, H.Z.; Haiyee, Z.A. Effect of edible lipid-chitosan film forming dispersion on postharvest life of guava stored at
chilled temperature. Malays. J. Anal. Sci. 2016, 20, 618–625. [CrossRef]

111. Dhumal, C.V.; Sarkar, P. Composite edible films and coatings from food-grade biopolymers. J. Food Sci. Technol. 2018, 55,
4369–4383. [CrossRef]

112. Quirino, A.K.; Costa, J.D.; Figueiredo, N.A.; Costa, M.D.; Sánchez-Sáenz, C.M. Conservation of “Paluma” guavas coated with
cassava starch and pectin. Dyna 2018, 85, 344–351. [CrossRef]

http://doi.org/10.21273/HORTSCI.45.6.918
http://doi.org/10.1016/S0925-5214(99)00023-X
http://doi.org/10.21273/JASHS.116.2.253
http://doi.org/10.1590/S0034-737X2012000200001
http://doi.org/10.1016/S0925-5214(01)00087-4
http://doi.org/10.1016/j.lwt.2016.12.043
http://doi.org/10.1007/s10924-011-0394-1
http://doi.org/10.1016/j.jclepro.2016.07.097
http://doi.org/10.1108/NFS-10-2018-0294
http://doi.org/10.1016/j.lwt.2017.10.051
http://doi.org/10.1016/j.reactfunctpolym.2019.104350
http://doi.org/10.1007/s41783-020-00087-9
http://doi.org/10.1080/15538362.2020.1746730
http://doi.org/10.1016/j.tifs.2020.01.032
http://doi.org/10.1016/j.foodres.2020.109582
http://doi.org/10.1590/0100-29452018352
http://doi.org/10.1111/jfpp.14336
http://doi.org/10.37855/jah.2010.v12i02.21
http://doi.org/10.17576/mjas-2016-2003-22
http://doi.org/10.1007/s13197-018-3402-9
http://doi.org/10.15446/dyna.v85n204.63420


Plants 2022, 11, 547 26 of 28

113. Appendini, P.; Hotchkiss, J.H. Review of antimicrobial food packaging. Innov. Food Sci. Emerg. Technol. 2002, 3, 113–126.
[CrossRef]

114. Falguera, V.; Quintero, J.P.; Jiménez, A.; Muñoz, J.A.; Ibarz, A. Edible films and coatings: Structures, active functions and trends
in their use. Trends Food Sci. Technol. 2011, 2, 292–303. [CrossRef]

115. Benbettaïeb, N.; Debeaufort, F.; Karbowiak, T. Bioactive edible films for food applications: Mechanisms of antimicrobial and
antioxidant activity. Crit. Rev. Food Sci. Nutr. 2019, 59, 3431–3455. [CrossRef]

116. Francisco, C.B.; Pellá, M.G.; da Silva, O.A.; Raimundo, K.F.; Caetano, J.; Linde, G.A.; Colauto, N.B.; Dragunski, D.C. Shelf-life of
guavas coated with biodegradable starch and cellulose-based films. Int. J. Biol. Macromol. 2020, 152, 272–279. [CrossRef]

117. Krishna, R.K.; Rao, S.D.V. Influence of chitosan coating and storage temperatures on postharvest quality of guava. Indian J Hortic.
2017, 74, 466–470. [CrossRef]

118. Akoh, C.C.; Min, D.B. Food Lipids: Chemistry, Nutrition, and Biotechnology, 3rd ed.; CRC Press: Boca Raton, FL, USA, 2008.
119. Chow, C.K. Fatty Acids in Foods and Their Health Implications, 3rd ed.; CRC Press: Boca Raton, FL, USA, 2008.
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