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Abstract

In the present investigation, the mango kernel seed starch-based edible coating was developed combined with 
different concentrations of lemongrass essential oil (EO). The effects of different edible coating formulations, such 
as T1 (2% mango kernel seed starch); T2 (2% mango kernel seed starch + 0.25% lemongrass essential oil); T3 (2% 
mango kernel seed starch + 0.5% lemongrass essential oil); and T4 (2% mango kernel seed starch + 1% lemongrass 
essential oil), were investigated for physiological, physiochemical, and microbiological properties of fresh guava 
fruit stored at 23 ± 2°C and a relative humidity of 85 ± 5% for up to 9 days. Results of the present study revealed 
that the mango kernel seed starch edible coating combined with lemongrass essential oil was effective in enhanc-
ing the storage life of guava fruit by maintaining their quality attributes. Treatment of mango kernel seed starch 
with 0.5% lemongrass essential oil (T3) was the most significant (P < 0.05) treatment to reduce physiological loss 
in weight and oxidation rate while maintaining the physiochemical characteristics, such as acidity, total soluble 
solids, textural property, phenolic contents, and sensory profiles of stored guava fruit samples, followed by T4 
treatment. The microbial load of yeast and mold was also reduced by T3 and T4 treatments. All coating treat-
ments were potent to enhance the storage life of guava fruit with improving post-harvest quality attributes for up 
to 9 days of storage. However, retention of higher quality of fruit was observed with T3 treatment. 
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Introduction

Guava (Psidiumguajava L.) fruit, belonging to the 
Myrtaceae family, is commercially grown in tropical 
regions around the world (de Aquino et al., 2015; 
Mangaraj et al., 2021). It has pleasant aroma and deli-
cious taste, and contains rich amount of nutrients such as 
pectin, dietary fibers, and phytochemicals such as ascor-
bic acid, guaijavarin, and quercetin (Naseer et al., 2018; 

Sharma and Saini, 2021). Guava has potential health ben-
efits such as it helps to control cholesterol level, and has 
hepato-protective effects (Murmu and Mishra, 2018). It 
is commonly consumed as raw as well as used for pro-
ducing various value-added products such as jam, jellies, 
and juices. Guava has a short shelf life because of higher 
rate of respiration and ethylene production, leading to 
early onset of respiratory peak (Yadav et al., 2022). The 
early spoilage of guava fruit is mainly due to enzymatic 
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combat several types of food-borne pathogens and lipid 
oxidation. Furthermore, lemongrass essential oil pos-
sesses antimicrobial efficiency because of presence of 
phytochemicals and bioactive compounds, such as citral, 
limonene, and citronellal. The incorporation of lemon-
grass essential oil as an alternative to fungicide and 
chemical preservatives with mango kernel seed starch 
would improve the physiochemical and biological prop-
erties of edible coating as well as horticulture produce. 
The aim of the present study was to investigate the effects 
of mango kernel seed starch-based edible coating com-
bined with different concentrations of lemongrass essen-
tial oil on the postharvest characteristics and shelf life of 
guava fruit during the storage period of up to 9 days at 
ambient (23 ± 2°C) storage conditions. The lemongrass 
essential oil could be considered as an alternative to 
fungicides. 

Materials and Methods

Materials

Fresh guava (Cv. Desi Kalmi) fruit samples were procured 
from an orchard (Bawana, New Delhi, India). The kernels 
of mango (Cv. Totapuri) fruit were obtained from the 
local mango pulp industry (Rohini, New Delhi, India). 
The food-grade essential oil (lemongrass) was purchased 
from Veda Essential Oils, New Delhi, India. Plasticizer 
(glycerol) and emulsifier (Tween 80) were supplied by 
Hi-Media, New Delhi, India. 

Experimental methodology

Extraction of  mango kernel starch
The starch was extracted from mango seed kernel using 
wet grinding procedure adopted by Nawab et al. (2016). 
Initially, obtained kernels were sliced manually into 
1-cm3 pieces and immediately steeped in 0.16% sodium 
metabisulphite solution. The material was held at a tem-
perature of 45°C for 16 h to avoid browning of seeds. The 
mixture was then ground using food-grade grinder to 
obtain slurry. The slurry was screened through sieves  
of 100 µm, followed by 300-µm mesh size. The slurry 
obtained after grinding of mango kernel was immersed  
in distilled water and centrifuged (Sigma, 3-18, KS, 
Germany) for 5 min at 8,000 rpm for purification of 
starch. The process was repeated five times to obtain 
white layer of starch. The white layer of starch was dried 
for 10 h at 45°C to obtain starch powder.

Preparation of  edible coating
Mango kernel seed starch, 2% (w/v), was immersed in 
distilled water to prepare mango kernel seed starch-
based edible coating combined with lemongrass essential 

metabolic activity, higher respiration, and loss of moisture 
(Kumar et al., 2017; Murmu and Mishra, 2017; Teixeira, 
2020). Several types of postharvest management practice 
and technology, including controlled atmosphere packag-
ing (CAPs), modified atmosphere packaging (MAPs), and 
nontoxic formulations of edible and composite edible 
packaging (coating), are used for preservation of horticul-
ture produce during storage (Manikantan et al., 2022a, 
2022b); this helps in increasing fruit’s shelf life and improv-
ing postharvest quality attributes (Prithviraj et al., 2022). 
In recent years, consumers’ interest is visible in trends for 
the application of biopolymer and nontoxic edible coating 
for food application as well as minimizing postharvest 
losses in horticulture produce (Kumar et al., 2021a, 2021b, 
2021c; Manikantan et al., 2022c; Murmu and Mishra, 
2018). The edible coatings are generally recognized as safe 
for consumption, and are eco-friendly and effective in 
retarding physiological processes, such as respiration and 
transpiration, that delay fruit ripening, and provide micro-
biological safety. During the development of film and edi-
ble coating formulations, the natural biopolymers, such as 
polysaccharides, proteins, and lipids derived from plants 
and animals are generally used to developing edible and 
composite materials for the packaging of food materials 
(Madhav et al., 2021; Suhag et al., 2020). In order to over-
come the postharvest losses in guava fruit, the polysaccha-
ride matrix, that is, starches, are generally used to develop 
edible coatings for food applications. It has been reported 
that starch-based films and coatings have excellent barrier 
properties against permeability of O2 and CO2 (Neetoo 
et al., 2010). Demand for conventional food-based starches 
is increasing at commercial scale because of its versatility 
and low cost (Santana and Meireles, 2014). Recent 
researches are exploring the extraction of starches from 
unconventional sources for application in food packaging 
(Galus et al., 2020; Li et al., 2018; Saturos et al., 2021; Yadav 
et al., 2021). In this regard, mango kernel seed starch could 
be an alternative to food-based starches for forming edible 
coating and their applications on horticulture produce to 
improve their characteristics. Mango kernel seed starch is 
a natural polymer obtained from mango kernel after 
depulping of mangoes; it has good film-forming capabili-
ties and is effective to preserve horticulture produce at 
ambient conditions by retarding water loss and gas 
exchange (Nawab et al., 2016).

The poor water barrier properties are the major draw-
back of polysaccharide-based edible coatings (Nesic et al., 
2019; Zhao et al., 2021). These drawbacks can be over-
come by adding lipid components, such as essential oils 
(EOs), which help in improving the permeability of water 
vapor and gaseous transmissions of coating materials. 
Moreover, utilization of essential oils in edible coating is 
getting more attention because of hydrophobic nature 
and phytochemical profiles, as essential oils possess  
antibacterial, antifungal, and antioxidant properties to 
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Respiration rate
The respiration rate of control and coated fruit samples was 
determined using gas analyzer (Dansensor®, CheckPoint 3, 
Ametek Mocon, USA). The samples were kept in closed air-
tight jars for 2 h at 25°C for estimating O2/CO2 in jars’ head-
space. A 0.25-mm syringe was inserted in the jar through 
septum to transfer gases from headspace to analyzer. The 
percentage composition of O2 and CO2 was obtained digi-
tally for calculating respiration rate, which is expressed as 
rate of CO2 evolution, using the following equation:

	 Respiration rate (mL CO2 kg-1 h-1) = CO2 (%) ×  
	 headspace/100 × weight (kg) × time (h).� (2)

Titratable acidity (TA)
Titratable acidity of control and treated fruit samples was 
calculated using titration method adopted by Kumar 
et al. (2021d). About 1 g of fruit pulp was mixed in dis-
tilled water and the total volume of the solution was 
made up to 100 mL by adding more of distilled water. The 
obtained solution was filtered and titrated against 0.1-N 
NaOH solution. Phenolphthalein was used as an indica-
tor to judge the end point. The results were calculated as 
percentage of citric acid using the following equation: 

	

Titratble acidity (TA) (%) =
Vol. of NaOH milliequivalent w× eeight of acid  normality of NaOH

Volume of sample  weigh

×

× tt of sample
100.

                                         

×

                                

	 (3)

Total soluble solids (TSS)
The effect of edible coating on guava fruit samples  
was determined using refractometer (RX-5000α; Atago, 
Japan) at 20°C (Kumar et al., 2021a). Results of TSS are 
expressed in Brix. 

Ascorbic Acid
The content of ascorbic acid in uncoated and coated guava 
fruit samples was determined using the method adopted 
by Kumar et al. (2021d) with minor modifications. Guava 
fruit pulp (5 g) was macerated with 3% metaphospheric 
acid and made up to 100 mL using distilled water. An ali-
quot of 10 mL was titrated against 2,6-dicholorophenolin-
dophenol dye to mark the end point and calculated as 
milligram of ascorbic acid. The average value of the result 
was calculated as mg/100 g of juice: 

Ascorbic acid (mg/100 g) = (V-V0) T A
W

100,× ×
× � (4)

where
V is the volume of 2,6-dichlorophenolindophenol 

solution used in the titration sample, 
V0 is the volume of 2,6-dichlorophenolindophenol 

solution used for blank titration, 
T is the 2,6-dichlorophenolindophenol solution titer, 
A is the dilution factor, and W is the weight of sample.

oil. The dispersions of edible coatings were heated at 
95°C for 30 min using magnetic stirrer hot plate. The 
gelatinized starch was cooled up to 50°C. Glycerol (40% 
v/w), different concentrations of lemongrass essential oil 
(0.25%, 0.50%, and 1%), and tween 80 (0.5% v/v) as emul-
sifier were added to the dispersion for developing edible 
coatings. The prepared dispersions were subjected to 
homogenization at 10,000 rpm for 10 min using tissue 
homogenizer (Polytron, PT MR, 3100, Switzerland). Four 
edible coating combinations, that is, T1, T2, T3, and T4, 
were prepared for coating application and to investigate 
their effects on quality attributes and postharvest charac-
teristics of guava fruit during storage period (Table 1). 
Distilled water was used as a control. 

Application of  edible coating on guava, and storage
Guava fruit samples weighing 60–80 g were randomly 
divided into five groups, each group containing 40 fruit 
samples. Fruit samples were gently washed in chlorinated 
water (200 ppm) to remove microbial contamination and 
other impurities and dried at 23 ± 2°C for 30 min. 
Thereafter, each group was dipped in different coating 
material for 5 min; excess of coating material was allowed 
to drain. The control group was immersed in distilled 
water. Fruit samples were air-dried at ambient conditions 
and stored for up to 9 days at 23 ± 2°C and relative 
humidity (RH) of 80 ± 5% in environmental chamber. The 
edible coating efficiency of guava was evaluated at inter-
vals of 3 days for a total of 9 days.

Physiological and physiochemical characteristics of 
guava

Physiological loss in weight (PLW)
Effect of edible coating on the PLW of guava was deter-
mined by mass difference method using electronic bal-
ance (BSA224S-CW; Sartorius Analytical Balance, India) 
and the results were expressed as percentage loss calcu-
lated using following equation:

	 = − ×PLW(%) 1 2 / 1 100,W W W � (1)

where 
W1 is the initial mass (g) and 
W2 is the final mass (g).

Table 1.  Mango kernel starch-based coating formulations.

Control Deionized water

T1 2% mango kernel starch

T2 2% mango kernel starch + 0.25% lemongrass essential oil

T3 2% mango kernel starch + 0.5% lemongrass essential oil

T4 2% mango kernel starch + 1% lemongrass essential oil
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were expressed as log colony-forming unit per gram 
(CFU/g) of total yeast and mold. 

Sensory evaluation and shelf  life assessment of  guava fruit
The sensory characteristics of control and coated guava 
fruit samples were evaluated using five-point hedonic 
scales as proposed by Murmu and Mishra (2017). The 
overall acceptability (OAA) of guava was reported based 
on their visual and physical appearance, viz., color, 
aroma, percentage of decay, shrinkage, and textural qual-
ity. The hedonic score of 5 indicated maximum severity 
and score of 1 indicated minimum severity for each 
response of panellists. A total of 30 semi-trained panel-
lists evaluated the quality of guava fruit at an interval of  
3 days throughout the storage period of 9 days.

Statistical Analysis

The data were analyzed using the IBM SPSS (24.0) statis-
tical analytical software with Duncan multiple range test 
at significance level of 0.05. The data results reported in 
the present study were average of three replications. 

Results and Discussion

Effect of edible coating on physiological loss in weight

The increasing PLW of fruits and vegetables is the result 
of high transpiration of water and oxidation in produce 
during storage period (Kumar et al., 2021a, 2021b). Figure 1  
shows the effects of different mango kernel seed 

Color
Color scales (CILAB) of guava during storage were evalu-
ated by colorimetric method using hand-held colorime-
ter (CR-400; Konica, Japan). The surface color of guava 
was measured as lightness/darkness (L*), greenish/red-
ness (a*), and yellowness/blueness (b*). The total color dif-
ference (ΔE) of the samples was calculated using the 
following equation: 

	 ∆E L L a a b bab
* * * * * * *( ) ( ) ( ) .= − + − + −2 1

2
2 1

2
2 1

2 	 (5)

where 
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1

2
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* *

=

=

−
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Firmness
The firmness of guava was evaluated by texture analyzer 
(Stable Micro-System, TAHD Plus, UK) (Kumar et al., 
2021b) using 2-mm cylindrical probe at a test speed of  
1 mm/s. Five readings of each sample at an equatorial 
diameter of fruit were taken, and firmness of the samples 
was expressed as force in Newton (N).

Total phenolic content (TPC) 
The effects of edible coating treatment on the phenolic 
content of guava during storage period was measured 
using Folin-Ciocalteu (FC) reagent assay adopted by 
El-Gioushy et al. (2022) with some modifications. About  
1 mL of fruit extract was immersed in 70 mL of distilled 
water along with 5 mL of 10 times diluted FC reagent and 
15 mL of 20% sodium carbonate solution. The mixture vol-
ume was made up to 100 mL using distilled water, and  
left for incubation at room temperature for 2 h. The UV-
spectrophotometer (Sican 2301; Incarp, India) was used to 
measure absorbance of fruit samples at 765 nm. The 
results of TPC were expressed as mg/100 g of gallic acid. 

Total yeast and mold count
Total yeast and mold count of fruit samples was deter-
mined using standard ISO 7954 method used by Tovar 
et al. (2019). In all, 10 g of guava fruit sample was homo-
genised with 90 mL of peptonized water for 10 min and 
10–1 to 10–6 serial dilutions were prepared from homoge-
nate. Then 1 mL of each serial dilution was transferred to 
petri dishes containing potato dextrose agar (PDA) sup-
plemented with 10% tartaric acid; the samples were 
allowed to incubate for 72 h at 30°C. The samples were 
analyzed at 3 days interval kept for 9 days, and the results 

Figure 1.  PLW of control and coated guava fruit. Mean ± 
SD, where control = water; T1 = 2% mango kernel starch;  
T2 = 2% mango kernel starch + 0.25% lemongrass essential oil;  
T3 = 2% mango kernel starch + 0.5% lemongrass essen-
tial oil; and T4 = 2% mango kernel starch + 1% lemongrass 
essential oil.
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starch-based edible coating combined with lemongrass 
essential oil on guava fruit samples during storage. The 
PLW of all treated and untreated guava fruit samples was 
gradually increased, but the higher increase was recorded 
in control samples, followed by T1-treated samples on  
3 days of storage. All treatments were found effective to 
control loss of PLW contrary to control samples. Control 
samples had more than 10% PLW (12.38 ± 0.45%) after 
day 6 of storage, which indicated the unmarketability of 
fruit. The sharp increase in PLW in control samples was 
attributed to higher migration of water molecules from 
fruit surface to the atmosphere. On day 9 of storage, guava 
fruit samples treated with 2% mango kernel seed starch-
based edible coating (T1) showed 11.11% of PLW. The 
T3-treated fruit samples showed significantly (P < 0.05) 
higher PLW (7.42 ± 0.10%) as compared to other treat-
ments and control samples. This could be possible due to 
minimum migration of water molecules from fruit sur-
face to the environment because of partial covering of 
stomata microspores present of the surface of samples by 
the application of edible coating (Formiga et al., 2019; 
Maftoonazad and Ramaswamy, 2019; Shamloo et al., 
2013). Hence, T2, T3, and T4 treatments were effective in 
reducing PLW in guava fruit samples during the storage 
period. Control and T1 coated samples showed statisti-
cally significant (P > 0.05) higher weight loss than other 
treatment samples. On day 6 and 9 of storage, PLW in 
T2- (5.95 ± 0.06%; 8.79 ± 0.27%) and T4-treated (5.74 ± 
0.16%; 8.32 ± 0.10%) samples was, respectively, at par  
(P = 0.05). The results indicated that the combination of 
lemongrass essential oil and mango kernel seed starch 
effectively reduced the PLW of guava fruit samples 
during storage. Addition of essential oil in edible coating 
acted as a hydrophobic agent that helped in restricting 
migration of water from the outer surface of fruit. Similar 
results were reported by Vishwasrao and Ananthanarayan 
(2016), demonstrating that the edible coating of hydroxy-
propyl methyl cellulose (HPMC) and palm oil signifi-
cantly reduced PLW in guava fruit during storage. The 
results of the present study were also in agreement with 
the results of the studies conducted by Murmu and 
Mishra (2017), Silva et al. (2021), and Sothornvit (2012).

Effect of edible coating on respiration rate

Respiration rate is one of the factors that affects the qual-
ity, including organoleptic characteristics, of fruits during 
storage. The process of respiration involves oxidation of 
sugar to produce CO2, heat, and moisture (Tano et al., 
2005). Guava is a climacteric fruit with higher rate of 
respiratory and ethylene production (Krishna and Rao, 
2017; Yadav et al., 2022). Figure 2A illustrates the results 
of respiration rate of control and guava fruit samples 
coated with different formulations of mango kernel seed 
starch-based edible coating and lemongrass essential oil. 

In both control and treated samples, the respiration rate 
increased with storage period but higher respiration rate 
was recorded in control samples during the storage period 
of up to 6 days. The peak of respiration rate in control sam-
ples was achieved in 3 days of storage whereas all treat-
ments demonstrated delay in the onset of peak. Control 
samples demonstrated the lowest respiration rate from day 
3 to day 6 of storage (80.51 mL CO2 kg-1 h-1). This sudden 
decrease in respiration rate of control samples indicated 
their unacceptability and increasing electrolytic leakage 
(Kumar et al., 2021a). This could be due to use of metabo-
lites, resulting in slow down of synthesis and higher PLW 
(Das et al., 2013; Quirós-Sauceda et al., 2014). The applica-
tion of edible coating effectively reduced respiration rate in 
fruit samples and delayed the onset of respiratory peak. 
This was due to creation of semi-permeable barrier on the 
surface of fruit samples that improved gaseous exchange 
with external environment, thus resulting in better reten-
tion quality of fruit (Nasrin et al., 2018; Pace and Cefola, 
2021). T3 treatment was found as most potential to signifi-
cantly inhibit respiration rate in guava fruit samples, fol-
lowed by T4 treatment, as compared to other treatments 
and control samples. Results of the present investigation 
were in line with results of the studies conducted by 
Chaudhary and Kumar (2019) and Martinez-Ortiz et al. 
(2019). Both studies investigated the effects of different 
coating materials prepared from starch, sago starch, rice 
starch, and wax on the quality characteristics of guava, and 
reported that edible coatings were effective in delaying 
respiratory peak in fresh produce. 

Effect of edible coating on titratable acidity

Initially, the TA of control and coated guava fruit samples 
increased rapidly with increase in storage time to 6 days 
in treated and 3 days in control samples, but then came 
down significantly. Increased acidity on day 3 could be 
attributed to production of organic acid with increased 
ripening process (Manríquez et al., 2014). On the other 
hand, increased acidity of fruit samples during storage 
indicates initiation of fermentative pathways (Kanellis 
et al., 2009). On day 6 of storage, the acidity of control 
samples increased gradually from 0.61 ± 0.01% to 0.71 ± 
0.01%, which demonstrated higher erosion in the value of 
acidity compared to coated guava fruit samples (Figure 2B).  
Throughout the storage period, T3 treatment was most 
effective for maintaining the acidity of guava compared 
to other treated and control samples. On day 9 of storage, 
the T3-treated fruit samples had significantly (P < 0.05) 
higher acidity, followed by T4- (0.78 ± 0.01%), T2- (0.77 ± 
0.01), and T1-treated (0.75 ± 0.01) samples. Control sam-
ples were not available for analysis up to day 9 of storage. 
The higher decreasing acidity of the fruit during storage 
was due to utilization of organic acids in metabolic activ-
ity and invertase enzyme activity; which was responsible 
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coated guava fruit samples were observed with storage 
period of up to 9 days. On day 6 of storage, TSS in control 
samples (11.96 Brix) was significantly (P > 0.05) higher, 
and unacceptable weight loss and sensorial score were 
observed due to higher respiration rate and electrolytic 
leakage (Kumar et al., 2021a). All coating treatments with 
and without lemongrass essential oil were effective to 
control increase in TSS of guava fruit during storage 
period. Significant (P < 0.05) changes in TSS were found 
in the T3-treated fruit samples during storage period as 
compared to other treatments and control (Figure 2C). 
On day 9 of storage, TSS of edible coating-treated guava 
samples ranged between 10.57 and 11.35 Brix. The higher 
TSS was exhibited by T1 treatment (11.35°Brix), followed 
by T4 (10.90°Brix) and T2 (10.81°Brix) treatments. The 
results demonstrated that the application of mango ker-
nel seed starch-based edible coating enriched with lem-
ongrass essential oil had potential to maintain the TSS of 
guava during storage period because of retardation of 
respiration rate and ethylene biosynthesis resulting in 
minimum hydrolytic changes (Ahmed et al., 2020). The 
relation and molecular interaction between essential oil 

for transformation of acid into sugar (Pratap et al., 2021). 
The results of this study concluded that the application of 
mango kernel seed starch-based edible coating with 0.5% 
lemongrass essential oil (T3) had more potential to retain 
higher acidity of guava fruit during the storage period 
compared to other treatments and control. The results 
were in line with results of the study conducted by Beulah 
et al. (2021) and Kumar et al. (2021d); these authors  
investigated the effects of carboxy methyl cellulose 
(CMC)- and casein-based edible coating on the posthar-
vest quality attributes of guava at ambient temperature. 

Effect of edible coating on total soluble solids

Presence of TSS is the most important characteristic of 
fruits, indicating their sweetness (Magwaza and Opara, 
2015). TSS is directly related to the maturity and ripening 
of fruits. Changes and increasing trend of TSS in fruits 
are due to the breakdown and conversion of sugar mole-
cules from complex to simple sugar (Kumar et al., 2021a, 
2021b). A significant increase in TSS of control and 

Figure 2.  (A) Respiration rate, (B) TA, (C) TSS, (D) ascorbic acid of control sample and coated guava fruit. Mean ± SD, where 
control = water; T1 = 2% mango kernel starch; T2 = 2% mango kernel starch + 0.25% lemongrass essential oil; T3 = 2% mango 
kernel starch + 0.5% lemongrass essential oil; and T4 = 2% mango kernel starch + 1% lemongrass essential oil..
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Color differences (ΔE) of the treated and control samples 
are shown in Figure 3D. Higher color difference was 
recorded in the control sample on day 6 of storage, fol-
lowed by T1 treatment. These color values indicated that 
the increasing concentration of essential oil in mango 
kernel seed starch-based edible coating exhibited color 
retention of guava during storage period. The color 
parameters directly affected the appearance of fruit sam-
ples, that is, higher ripening, enzymatic browning, and 
metabolic activity (Murmu and Mishra, 2017).

Effect of edible coating on firmness

Firmness is a very important characteristic of fruit that 
influences consumers and is used to assess its quality. 
The firmness of guava is affected by the turgidity of 
cells—structure and composition of cell wall polysaccha-
ride. Oxidation and water loss negatively affect firmness 
of the fruit (Cheng et al., 2008; Fekry, 2018). The results 
of control and coated fruit samples’ puncture strength 
are shown in Figure 4. Puncture strength of the samples 
decreased with increasing period of storage. Lower punc-
ture strength indicated the softness of guava, which 
means the fruit had less firmness. Significantly higher 
loss of puncture strength in control samples, from 12.12 
± 0.20 N to 5.34 ± 0.28 N, was observed between 0 and  
3 days of storage. All coated fruit samples showed higher 
puncture strength during the storage period. However, 
the T3-treated sample was significantly (P < 0.05) least 
soft (4.88 ± 0.05 N), followed by T4-treated sample (4.05 
± 0.07 N) on day 9 of storage. This was due to higher rate 
of water transpiration, respiration, and oxidation. 

The results of this study indicated that the application of 
mango kernel seed starch-based edible coating with lem-
ongrass essential oil was more emphatic to delay softness 
of guava as compared to control and mango kernel seed 
starch-based edible coating without lemongrass essential 
oil. The addition of lemongrass essential oil influenced 
the antifungal and antioxidant properties of the matrix, 
and was effective against reactive oxygen species and 
minimizing of lipid oxidation (Murmu and Mishra, 
2017). The results of the firmness of guava fruit were in 
agreement with previous studies conducted by Chawla 
et al. (2018), Fekry (2018), and Hong et al. (2012). The 
cited authors reported that the application of edible coat-
ing (combination of chitosan and calcium chloride) could 
maintain firmness of guava fruit.

Effect of edible coating on total phenolic content

Figure 5 shows the results of total phenolic content, 
which decreased gradually with increasing period of stor-
age. The treated samples showed significantly (P ≤ 0.05) 

concentrations (0.5%) and mango kernel seed starch (2%) 
had more potential to maintain the quality attributes of 
guava at ambient conditions. Previous studies have 
reported that the edible coatings prepared with gluco-
mannan and konjac incorporated with bee wax/guava 
leaf extract (Sothornvit, 2012) and cassava/rice bran 
starch (1%, 2%, or 3%) enriched with 1% sunflower essen-
tial oil and 1% of bee wax (Wijewardana et al., 2014) are 
effective in extending the shelf life of guava by up to 10 
days at ambient storage conditions.

Effect of edible coating on ascorbic acid 

The initial ascorbic acid found in guava on day 0 was 174  
± 1.73 mg 100 g-1 fresh weight, which increased in both 
control and treated samples after 3 days of storage. 
Ascorbic acid generally increases with ripening and 
decreases with over-ripening of fruit. Decrease in ascor-
bic acid indicates the biosynthesis of enzymes and accu-
mulation of organic acids (Fenech et al., 2019). On day 6 
of storage, the content of ascorbic acid (164.67 ± 2.08 mg 
100 g-1) decreased in control sample because of higher 
respiration rate, over-ripening, and higher water loss. 
However, the content of ascorbic acid increased gradu-
ally in all treated samples. The control sample was found 
unacceptable and was not available for further analysis 
(Figure 2D). On day 9 of storage, higher retention of 
ascorbic acid (190.67 ± 1.15 mg 100 g-1) was found with 
T3 treatment, followed by T4 (187.33 ± 0.58 mg 100 g-1) 
and other treatments. The results indicated that applica-
tion of edible coating retained higher ascorbic acid level 
because of reduced oxidation by ascorbate oxidase (Singh 
and Pal, 2008). The results indicated that T3 was the most 
effective treatment to maintain the optimum level of 
ascorbic acid in guava compared to other treatments and 
control sample.

Effect of edible coating on color

Figure 3 shows the color properties (L*, a*, and b*) of con-
trol and coated guava fruit samples during storage period. 
In most of the treated fruit samples, no significant differ-
ence was observed in color values, except T3 treatment. 
Color changes were significantly (P < 0.05) higher in con-
trol sample compared to treated fruit samples. On day 6 
of storage, the control sample demonstrated the follow-
ing color values: L* = 80.26 ± 1.02, a* = -3.78 ± 0.29, and b* 
= 53.88 ± 0.90. This indicated the browning of surface of 
guava fruit. A significantly (P < 0.05) higher maintenance 
of color values, L* = 73.74 ± 0.41, a* = -4.98 ± 0.09, and b* 
= 47.80 ± 0.16, were recorded with T3 treatment (2% 
mango kernel starch + 0.5% lemongrass essential oil) 
compared to other treatments, followed by T4 treatment, 
L* = 76.57 ± 0.30, a* = 4.63 ± 0.07, and b* = 49.97 ± 0.13. 
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Figure 4.  Firmness of control sample and coated guava 
fruit. Mean ± SD, where control = water; T1 = 2% mango ker-
nel starch; T2 = 2% mango kernel starch + 0.25% lemongrass 
essential oil; T3 = 2% mango kernel starch + 0.5% lemon-
grass essential oil; and T4 = 2% mango kernel starch + 1% 
lemongrass essential oil.

Figure 5.  Total phenolic content (TPC) of control and 
coated guava fruit. Mean ± SD, where control = water; T1 
= 2% mango kernel starch; T2 = 2% mango kernel starch + 
0.25% lemongrass essential oil; T3 = 2% mango kernel starch 
+ 0.5% lemongrass essential oil; and T4 = 2% mango kernel 
starch + 1% lemongrass essential oil.

Figure 3.  Color properties (A) L*, (B) a*, (C) b*, and (D) ΔE of control and coated guava fruit. Mean ± SD, where control = water; 
T1 = 2% mango kernel starch; T2 = 2% mango kernel starch + 0.25% lemongrass essential oil; T3 = 2% mango kernel starch + 
0.5% lemongrass essential oil; T4 = 2% mango kernel starch + 1% lemongrass essential oil; and ΔE = color difference.
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Figure 6.  (A) Overall acceptability of control and coated guava fruit. (B) Visual appearance of guava fruit during storage period. 
Mean ± SD, where control = water; T1 = 2% mango kernel starch; T2 = 2% mango kernel starch + 0.25% lemongrass essential oil; 
T3 = 2% mango kernel starch + 0.5% lemongrass essential oil; and T4 = 2% mango kernel starch + 1% lemongrass essential oil.
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Effect of edible coating on sensory evaluation

The overall acceptability of control and coated guava fruit 
was evaluated on the basis of visual and physical appear-
ance such as color, aroma, decay percentage, shrinkage, 
and textural quality. The overall acceptability of all sam-
ples decreased gradually with furtherance of storage 
period (Figure 6A). Control samples were found unac-
ceptable on the basis of their sensorial properties, with 
an overall acceptability of 2 on day 6 of storage. 
Furthermore, the guava samples treated with mango ker-
nel seed starch-based edible coating enriched with 0.5% 
lemongrass essential oil exhibited more acceptability 
(3.7) on the basis of visual and physical appearance of 
fruit during the storage period. This was statically signifi-
cant (P < 0.05) and high as compared to T1 (2.7), T2 (3.0), 
and T4 (3.3) treatments. The T4-treated sample with 2% 
mango kernel seed starch-based edible coating with 1% 
lemongrass essential oil was also found acceptable, fol-
lowed by the T3-treated sample, based on the sugges-
tions and feedback of panelists. This could be due to dark 
fragrance present on guava fruit because of including 
higher concentration (1%) of lemongrass essential oil in 
edible coating. The visual appearance of control and 
guava fruit samples is shown in Figure 6B. The figure 
shows changes in the visual appearance of control and 
coated guava fruit during 9 days of storage at ambient 
conditions. 

Conclusions

Edible coating containing active ingredients has potential 
for improving the shelf life of fresh produce. The current 
investigation established that the mango kernel seed 
starch-based edible coating combined with lemongrass 
essential oil had a positive influence on the physiochemi-
cal and sensorial quality attributes of guava fruit at ambi-
ent storage conditions. Moreover, the retention of quality 
attributes was correlated with higher phenolic content 
and less count of yeast and mold in treated guava fruit 
samples. The increasing concentration of essential oil in 
edible coating exhibited higher quality attributes in guava 
fruit during storage. The application of T3 treatment, 
compared with other treatments and control, preserved 
physiochemical attributes. Further study is required to 
utilize mango kernel seed starch to develop active edible 
coating, composite, and nano-formulations for extending 
shelf life of fresh produce.
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lower reduction of phenolic content compared to control 
samples. Phenolic content in control samples recorded 
higher degradation between 3 and 6 days of storage (from 
32.51 ± 0.14 mg/g to 23.12 ± 0.01 mg/g) because of higher 
respiration, oxidation, and enzymatic metabolic activity. 
On day 9 of storage, higher phenolic content was 
observed in the T3-treated samples (32.29 ± 0.18 mg/g), 
followed by other treated fruit samples, that is, T4- (29.15 
± 0.11 mg/g), T2- (27.84 ± 0.08 mg/g), and T1-treated 
(22.19 ± 0.21 mg/g) samples. This could be due to increas-
ing concentration of lemongrass essential oil. The degra-
dation of phenolic content is directly associated with 
reducing free radical and scavenging activity. The higher 
enzymatic activity of peroxidase and polyphenol oxidase 
is the main reason of degradation of phenolic content of 
samples (Augusto et al., 2015).

Effect of edible coating on total yeast and mold count

Table 2 shows the results of total yeast and mold count of 
control and coated guava samples during storage period. 
The coated samples with essential oil were able to inhibit 
yeast and mold count, and the T3- and T4-treated sam-
ples showed significant reduction (P < 0.05) in yeast and 
mold count as compared to control, T1- and T2-treated 
samples. Control samples showed the maximum count of 
7.62 ± 0.21 log CFU/g after 6 days of storage, which indi-
cated the unmarketability and unacceptability of guava 
fruit. The obtained results indicated that the increasing 
concentration of lemongrass essential oil in mango ker-
nel seed starch-based edible coating had more potential 
to bring down the microbial load of guava fruit because 
of the presence of bioactive compound (citral) (Gao et al., 
2020; Shi et al., 2017). A similar trend of results was 
reported by Murmu and Mishra (2017), who reported 
that the gum Arabic-based edible coating with lemon-
grass essential oil was effective in reducing the microbial 
decay of guava fruit during the storage period. 

Table 2.  Yeast and mold counts of control and coated guava 
fruits.

Treatments Days of storage

0 3 6 9

Control ND 4.11 ± 0.10 7.62 ± 0.21 N/A

T1 ND 1.75 ± 0.14 2.84 ± 0.10 5.70 ± 0.23

T2 ND 0.27 ± 0.07 1.05 ± 0.08 2.45 ± 0.06

T3 ND ND ND 0.81 ± 0.04

T4 ND ND ND 0.69 ± 0.02

Mean ± SD, where T1 = 2% mango kernel starch; T2 = 2% 
mango kernel starch + 0.25% lemongrass essential oil; T3 = 2% 
mango kernel starch + 0.5% lemongrass essential oil; and T4 = 
2% mango kernel starch + 1% lemongrass essential oil. ND = 
Not detected.



Quality Assurance and Safety of  Crops & Foods 14 (3)� 113

Mango kernel starch based edible coating for guava

de Aquino, A.B., Blank, A.F. and de Aquino Santana, L.C.L., 2015. 
Impact of edible chitosan–cassava starch coatings enriched with 
Lippiagracilis Schauer genotype mixtures on the shelf life of  
guavas (Psidiumguajava L.) during storage at room tempera-
ture.  Food Chemistry  171: 108–116. https://doi.org/10.1016/j.
foodchem.2014.08.077

El-Gioushy, S.F., Abdelkader, M.F., Mahmoud, M.H.,  
Abou El Ghit, H.M., Fikry, M., Bahloul, A.M. and Gawish, M.S., 
2022. The effects of a gum arabic-based edible coating on guava 
fruit characteristics during storage. Coatings 12(1): 90. https://
doi.org/10.3390/coatings12010090

Fekry, O.M., 2018. Effect of edible coating chitosan and calcium glu-
conate on maintaining fruit quality and marketability of Guava 
(Psidium guajava) fruits during storage. Middle East Journal of 
Applied Sciences 8(4): 1046–1060.

Fenech, M., Amaya, I., Valpuesta, V. and Botella, M.A., 2019.  
Vitamin C content in fruits: biosynthesis and regulation. Frontier 
in Plant Science 9: 2006: 1–21. https. https://doi.org/10.3389/
fpls.2018.02006

Formiga, A.S., Junior, J.S.P., Pereira, E.M., Cordeiro, I.N. and  
Mattiuz, B.H., 2019. Use of edible coatings based on hydroxypro-
pyl methylcellulose and beeswax in the conservation of red guava 
‘Pedro Sato’. Food Chemistry 290: 144–151. https://doi.org/ 
10.1016/j.foodchem.2019.03.142

Galus, S., Arik Kibar, E.A., Gniewosz, M. and Kraśniewska, K.,  
2020. Novel materials in the preparation of edible films and  
coatings—a review. Coatings 10(7): 674. https://doi.org/10.3390/
coatings10070674

Gao, S., Liu, G., Li, J., Chen, J., Li, L. and Li, Z., 2020. Antimicrobial 
activity of lemongrass essential oil (Cymbopogon flexuosus) and 
its active component citral against dual-species biofilms of 
Staphylococcus aureus and Candida species. Frontiers in Cellular 
and Infection Microbiology 10: 603858. https://doi.org/10.3389/
fcimb.2020.603858

Hong, K., Xie, J., Zhang, L., Sun, D. and Gong, D., 2012. Effects of 
chitosan coating on postharvest life and quality of guava 
(Psidiumguajava L.) fruit during cold storage. Scientia Horti
culturae 144: 172–178. https://doi.org/10.1016/j.scienta.2012. 
07.002

Kanellis, A.K., Tonutti, P. and Perata, P., 2009. Biochemical and 
molecular aspects of modified and controlled atmospheres. In: 
Yahia, E.M. (ed.) Modified and controlled atmospheres for the 
storage, transportation, and packaging of horticultural commod-
ities. CRC Press, Boca Raton, FL, pp. 553–567.

Krishna, K.R. and Rao, D.S., 2014. Effect of chitosan coating on  
the physiochemical characteristics of guava (Psidiumguajava L.) 
fruits during storage at room temperature. Indian Journal of 
Science and Technology 7(5): 554.

Kumar, S., Baswal, A.K. and Ramezanian, A., 2021a. Impact of carbo
xymethyl cellulose-based edible coating on storage life and qual-
ity of guava fruit cv. ‘Allahabad Safeda’ under ambient storage 
conditions. Journal of Food Measurement and Characterization 
15: 4805–4812. https://doi.org/10.1007/s11694-021-01057-8

Kumar, N., Neeraj, Pratibha and Trajkovska Petkoska, A., 2021b. 
Improved shelf life and quality of tomato (Solanum lycopersicum 
L.) by using chitosan-pullulan composite edible coating enriched 

investigation, formal analysis, writing—original draft, 
review & editing, and visualization. Ashutosh Upadhyay: 
supervision, writing—review and editing. Anurag Singh: 
writing—review & editing; Rahul Kumar Anurag: writ-
ing—review & editing. R. Pandiselvam: resources, data 
analysis, formal analysis, and writing—review & editing.

Acknowledgments 

The authors are grateful to the National Institute of  
Food Technology Entrepreneurship and Management, 
Kundli, Sonipat, Haryana, India, for their infrastructural 
support.

Conflicts of Interest

The authors declared no conflicts of interest.

References

Ahmed, A., Ali, S.W., Imran, A., Afzaal, M., Arshad, M.S.,  
Nadeem, M. and Ikram, A., 2020. Formulation of date pit oil-
based edible wax coating for extending the storage stability of 
guava fruit. Journal of Food Processing and Preservation 44(2): 
e14336. https://doi.org/10.1111/jfpp.14336

Augusto, P.E., Ibarz, R., Garvín, A. and Ibarz, A., 2015. Peroxidase 
(POD) and polyphenol oxidase (PPO) photo-inactivation in a 
coconut water model solution using ultraviolet (UV). 
International Food Research Journal 74: 151–159. https://doi.
org/10.1016/j.foodres.2015.04.046

Beulah, A.M., Sucharitha, K.V., Dheeraj, S. and Prameela, P., 2021. 
Effect of casein edible coating on the postharvest quality of fresh 
guava fruits during ambient storage conditions. Carpathian 
Journal of Food Science and Technology 13(2): 5–20. https://doi.
org/10.34302/crpjfst/2021.13.2.1

Chaudhary, A.D. and Kumar, A.S., 2019. Effect of different edible 
coating materials on physiological changes and shelf life of guava 
fruits under ambient and zero energy cool chamber storage. 
International Journal of Chemical Studies 7(5): 4515–4519.

Chawla, S., Devi, R. and Jain, V., 2018. Changes in physicochemical 
characteristics of guava fruits due to chitosan and calcium chlo-
ride treatments during storage. Journal of Pharmacognosy and 
Phytochemistry 7(3): 1035–1044. 

Cheng, G.X., Duan, B., Yang, Y., Jiang, W. and Lu, Y., 2008. Effect of 
hydroxyl radical on the scission of cellular wall polysaccharides in 
vitro of banana fruit at various ripening stages. Acta Physiologiae 
Plantarum 30: 257–263. https://doi.org/10.1007/s11738-007- 
0116-4

Das, D.K., Dutta, H. and Mahanta, C.L., 2013. Development of a rice 
starch-based coating with antioxidant and microbe-barrier prop-
erties and study of its effect on tomatoes stored at room tempera-
ture. LWT—Food Science and Technology 50(1), 272–278. 
https://doi.org/ 10.1016/j.lwt.2012.05.01



114� Quality Assurance and Safety of  Crops & Foods 14 (3)

Yadav A et al.

Manríquez, D.A., Muñoz-Robredo, P., Gudenschwager, O.,  
Robledo, P. and Defilippi, B.G., 2014. Development of flavor-re-
lated metabolites in cherimoya (Annona cherimola Mill.) fruit 
and their relationship with ripening physiology. Postharvest 
Biology and Technology 94: 58–65. https://doi.org/10.1016/j.
postharvbio.2014.03.004

Martinez-Ortiz, M.A., Palma-Rodríguez, H.M., Montalvo-González, E.,  
Sáyago-Ayerdi, S.G., Utrilla-Coello, R. and Vargas-Torres, A., 
2019. Effect of using microencapsulated ascorbic acid in coatings 
based on resistant starch chayotextle on the quality of guava fruit. 
Scientia Horticulturae 256: 108604. https://doi.org/10.1016/j.
scienta.2019.108604

Murmu, S.B. and Mishra, H.N., 2017. Optimization of the arabic 
gum-based edible coating formulations with sodium caseinate 
and tulsi extract for guava. LWT—Food Science and Technology 
80: 271–279. https://doi.org/10.1016/j.lwt.2017.02.018

Murmu, S.B. and Mishra, H.N., 2018. The effect of edible coating 
based on arabic gum, sodium caseinate and essential oil of cinna-
mon and lemongrass on guava. Food Chemistry 245: 820–828. 
https://doi.org/10.1016/j.foodchem.2017.11.104

Naseer, S., Hussain, S., Naeem, N., Pervaiz, M. and Rahman, M., 
2018. The phytochemistry and medicinal value of Psidium gua-
java (guava). Clinical Phytoscience 4(1): 1–8. https://doi.org/ 
10.1186/s40816-018-0093-8

Nesic, A., Cabrera-Barjas, G., Dimitrijević-Branković, S., Davidović, S.,  
Radovanović, N. and Delattre, C., 2019. Prospect of polysaccharide- 
based materials as advanced food packaging. Molecules 25(1): 
135. https://doi.org/ 10.3390/molecules25010135

Nasrin, T.A.A., Islam, M.N., Rahman, M.A., Arfin, M.S. and  
Ullah, M.A., 2018. Evaluation of postharvest quality of edible 
coated mandarin at ambient storage. International Journal of 
Agricultural Research, Innovation and Technology 8(1): 18–25. 
https://doi.org/10.3329/ijarit.v8i1.38225

Nawab, A., Alam, F., Haq, M.A. and Hasnain, A., 2016. Biodegradable 
film from mango kernel starch: effect of plasticizers on physical, 
barrier, and mechanical properties. Staerke, 68(9–10): 919–928. 
https://doi.org/10.1002/star.201500349

Neetoo, H., Ye, M. and Chen, H., 2010. Bioactive alginate coatings 
to control Listeria monocytogenes on cold-smoked salmon  
slices and fillets. International Journal of Food Microbiology 
136(3): 326–331. https://doi.org/10.1016/j.ijfoodmicro.2009. 
10.003

Pace, B. and Cefola, M., 2021. Innovative preservation technology  
for the fresh fruit and vegetables. Foods 10(4): 719. https://doi.
org/10.3390/foods10040719

Pratap, S., Saxena, D. and Sharma, S., 2021. Evaluation of  
performance of different edible coating treatments on post-har-
vest quality of guava fruit during ambient storage. Advance 
Journal of Advances in Food Science and Technology 8(1): 
32–44.

Prithviraj, V., Pandiselvam, R., Manikantan, M.R., et al., 2022. 
Transient computer simulation of the temperature profile in dif-
ferent packaging materials: an optimization of thermal treatment 
of tender coconut water. Journal of Food Process Engineering, 
e13958. https://doi.org/10.1111/jfpe.13958

with pomegranate peel extract. ACS Food Science & Technology 
1(4): 500–510. https://doi.org/10.1021/acsfoodscitech.0c00076

Kumar, N., Ojha, A., Upadhyay, A., Singh, R. and Kumar, S., 2021c. 
Effect of active chitosan-pullulan composite edible coating 
enriched with pomegranate peel extract on the storage quality of 
green bell pepper. LWT—Food Science and Technology 138: 
110435. https://doi.org/10.1016/j.lwt.2020.110435

Kumar, N., Petkoska, A.T., AL-Hilifi, S.A. and Fawole, O.A., 2021d. 
Effect of chitosan–pullulan composite edible coating functional-
ized with pomegranate peel extract on the shelf life of mango 
(Mangifera indica). Coatings 11(7): 764. https://doi.org/10.3390/
coatings11070764

Kumar, A., Singh, O. and Kohli K., 2017. Post-harvest changes in 
functional and sensory properties of guava (Psidiumguajava L. 
cv. Pant Prabhat) fruits as influenced by different edible coating 
treatments. Journal of Pharmacognosy and Phytochemistry 6(6): 
1109–1116.

Li, Z., Guo, K., Lin, L., He, W., Zhang, L. and Wei, C., 2018. 
Comparison of physicochemical properties of starches from flesh 
and peel of green banana fruit. Molecules 23(9): 2312. https://doi.
org/10.3390/molecules23092312

Madhav, J.V., Sethi, S., Sharma, R.R., Nagaraja, A., Arora, A. and 
Varghese, E., 2021. Influence of bilayer coating of salicylic acid 
and edible wax on chilling injury and functional attributes of 
guava. Journal of Food Processing and Preservation 45(7): 
e15601. https://doi.org/10.1111/jfpp.15601

Maftoonazad, N. and Ramaswamy, S.H., 2019. Application and evalua-
tion of a pectin-based edible coating process for quality change  
kinetics and shelf-life extension of lime fruit (Citrus aurantifolium). 
Coatings 9(5): 285. https://doi.org/10.3390/coatings9050285

Magwaza, L.S. and Opara, U.L., 2015. Analytical methods for deter-
mination of sugars and sweetness of horticultural products— 
a review. Scientia Horticulturae 184: 179–192. https://doi.
org/10.1016/j.scienta.2015.01.001

Mangaraj, S., Thakur, R.R., Mathangi, R.S., Yadav, A. and Swain, S., 
2021. Shelf life enhancement of guava (Psidium guajava cv. 
Baruipur) stored under pilot scale modified atmosphere storage 
system.  Food Science Technology International 27(7): 674–689. 
https://doi.org/10.1177/10820132211013269

Manikantan, M.R., Pandiselvam, R., Arumuganathan, T., Indurani, C. 
and Varadharaju, N., 2022a. Low-density polyethylene-based 
nano-composite packaging films for the preservation of sugar-
cane juice. Journal of Food Science and Technology 59(4): 1629–
1636. https://doi.org/10.1007/s13197-021-05174-6

Manikantan, M.R., Pandiselvam, R., Arumuganathan, T., 
Varadharaju, N., Sruthi, N.U. and Mousavi Khaneghah, A., 2022b. 
Development of linear low-density polyethylene nanocomposite 
films for storage of sugarcane juice. Journal of Food Process 
Engineering e13988. https://doi.org/10.1111/jfpe.13988

Manikantan, M.R., Pandiselvam, R., Arumuganathan, T., 
Khanashyam, A.C. and Varadharaju, N., 2022c. Biochemical, 
colour and sensory attributes of pasteurized sugarcane juice 
stored in high-density polyethylene-based nanocomposite films. 
Packaging Technology and Science 35(6): 505–514. https://doi.
org/10.1002/pts.2647



Quality Assurance and Safety of  Crops & Foods 14 (3)� 115

Mango kernel starch based edible coating for guava

products: a review. Food Research International 136: 109582. 
https://doi.org/10.1016/j.foodres.2020.109582

Tano, K., Kamenan, A. and Arul, J., 2005. Respiration and transpira-
tion characteristics of selected fresh fruits and vegetables. 
Agronomie Africaine 17(2): 103–115. https://doi.org/10.4314/
aga.v17i2.1662

Teixeira, D.A.G.H., 2020. Ch. 18.6. Subtropical fruits: guavas.  
In “:Controlled and modified atmospheres for fresh and fresh-cut 
produce”. M.I. Gill and R. Beaudry (Ed.), pp. 435–445. Academic 
Press, Oxford, UK. https://doi.org/10.1016/B978-0-12-804599- 
2.00031-4

Tovar, C.D., Delgado-Ospina, J., Navia Porras, D.P., et al., 2019. 
Colletotrichum gloesporioides inhibition in situ by chitosan- 
Rutagraveolens essential oil coatings: effect on microbiological, 
physicochemical, and organoleptic properties of guava 
(Psidiumguajava L.) during room temperature storage. Bio
molecules 9(9): 399. 

Vishwasrao, C. and Ananthanarayan, L., 2016. Postharvest shelf-life 
extension of pink guavas (Psidium guajava L.) using HPMC-
based edible surface coatings. Journal of Food Science and 
Technology 53(4): 1966–1974. https://doi.org/ 10.1007/s13197- 
015-2164-x

Wijewardana, R.M.N.A., Karunathilake, K.N. and Jayawardana, N.W.I.A., 
2014. Development of edible coating for shelf life extension of 
guava. Focusing on Modern Food Industry 3(1): 28–34. https://
doi.org/10.14355/fmfi.2014.0301.04

Yadav, A., Kumar, N., Upadhyaya, A., Pratibha and Anurag, R.K., 
2021. Edible packaging from fruit processing waste: a compre-
hensive review. Food Review  InternationalIF6.478: 00–00. 
https://doi.org/10.1080/87559129.2021.1940198

Yadav, A., Kumar, N., Upadhyay, A., et al., 2022. Recent advances  
in novel packaging technologies for shelf-life extension of  
guava fruits for retaining health benefits for longer duration. 
Plants 11(4): 547. https://doi.org/ 10.3390/plants11040547

Zhao, Y., Li, B., Li, C., et al., 2021. Comprehensive review of  
polysaccharide-based materials in edible packaging: a sustain
able  approach. Foods 10(8): 1845. https://doi.org/ 10.3390/
foods10081845

Quirós-Sauceda, A.E., Ayala-Zavala, J.F., Olivas, G.I. and González-
Aguilar, G.A., 2014. Edible coatings as encapsulating matrices  
for bioactive compounds: a review. Journal of Food Science and 
Technology, 51(9): 1674–1685. https://doi.org/ 10.1007/s13197- 
013-1246-x

Santana, A.L. and Meireles, M.A.A., 2014. New starches are the 
trend for industry applications: a review. Public Health Nutrition 
4(5): 229–241. https://doi.org/10.5923/j.fph.20140405.04

Saturos, M.J.O., Tagubase, J.L.J. and Fundador, N.G.V., 2021. 
Antimicrobial and mechanical properties of jackfruit seed  
starch-based films containing carvacrol. Mindanao Journal of 
Science and Technology, 19(1): 84–95. 

Shamloo, M., Sharifani, M., Gramakhany, A.D. and Seifie, E., 2013. 
Alternation of flavonoid compounds in valencia orange fruit 
(Citrus sinensis) peel as a function of storage period and edible 
covers. Minerva Biotechnology and Biomolecular Research 25: 
191−197. 

Sharma, M. and Saini, C.S., 2021. Postharvest shelf-life extension of 
fresh-cut guavas (Psidium guajava) using flaxseed protein-based 
composite coatings. Food Hydrocolloids for Health 1: 100015. 
https://doi.org/10.1016/j.fhfh.2021.100015

Shi, C., Sun, Y., Liu, Z., Guo, D., Sun, H. and Sun, Z., 2017. Inhibition 
of cronobacter sakazakii virulence factors by citral. Scientific 
Reports 7: 43243. https://doi.org/10.1038/srep43243

Silva, O.A., Pellá, M.C.G., Friedrich, J.C., et al., 2021. Effects of a 
native cassava starch, chitosan, and gelatin-based edible coating 
over guavas (Psidium guajava L.). ACS Food Science & Techno
logy  1(7): 1247–1253. https://doi.org/10.1021/acsfoodscitech. 
1c00131

Singh, S.P. and Pal, R.K., 2008. Controlled atmosphere storage of  
guava (Psidium guajava L.) fruit. Postharvest Biology and Techno
logy 47(3): 296–306. https://doi.org/10.1016/j.postharvbio.2007. 
08.009

Sothornvit, R., 2012. Effect of edible coating on the qualities of  
fresh guava. Acta Horticulturae 1012: 453–459. https://doi.
org/10.17660/ActaHortic.2013.1012.58

Suhag, R., Kumar, N., Petkoska, A.T. and Upadhyay, A., 2020. Film 
formation and deposition methods of edible coating on food 


