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Different applied formula of essential oils based on different carriers as fruit coating against the 
postharvest disease, blue mold of lemon were evaluated. The coated lemon fruits were artificially 
inoculated individually with blue mold pathogen Penicillium italicum under laboratory conditions. In 
descending order the best superior protective effects of essential oils are lavender, carrot, medulla 
followed by wheat germ, grape, sweet almond and olium, respectively. Data also showed that, in 
general, all tested essential oils reduced disease incidence ranged between 0.0 up to 66.6% when 
formulated on the different used carriers. It is interesting to note that fruit coating with only the carrier 
formula of sodium alginate (2%), arabic gum (2%), gelatin (4%), and glycerol (1%) individually or in 
combination with the rest of used carriers showed similar mold incidence records compared with control 
treatment which recorded 100% infection. The improved formulation of essential oils and carrier 
materials mixtures provided an effective control for lemon fruit against postharvest pathogen infections 
by P. italicum with values of decay reduction started at 33.3%.and increased to reach 100%. These 
results demonstrated that the commercialization of some of formulated essential oils to control post-
harvest decay of such fruits appears to be feasible and may present an alternative to synthetic 
pesticides. 
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INTRODUCTION 

In Egypt, lemon fruits are available around a 
year, therefore it is considered one of the most 
important fruit crop for exportation purpose. Fresh 
market lemon is harvested by hand into plastic or 
palm tree ashes boxes when fruits are between 
the mature green and yellow stages of color 
development. Harvesting is done frequently to 
avoid over ripe fruit.  Lemon fruits are susceptible 
to postharvest diseases caused by various 
pathogenic fungi. Penicillium digitatum (green 
mold), P. italicum (blue mold) and Geotricum 
candidum (sour rot) are the most important decay 
pathogens of lemon causing postharvest losses at 
high frequency (Akhtar et al. 1994). Losses 
caused by postharvest diseases are greater than 
generally realized because the value of fresh fruits 

and vegetables increases several fold while 
passing from the field to the consumer (Eckert 
and Sommer, 1967).Generally, postharvest losses 
are estimated to range from 10 to 30% per year 
despite the use of modern storage facilities and 
techniques in developed and developing countries 
(Harvey, 1978). However, particularly in 
developing countries postharvest diseases affect 
a wide variety of crops due to lack sophisticated 
storage facilities (Jeffries and Jeger, 1990). 

With the continued loss of currently used 
postharvest decay control measures (i.e. 
fungicides), there is a perpetual need to search for 
alternatives. The increasing recognition of the 
importance of fungal infections and the difficulties 
encountered in their treatment has stimulated the 
search for synthetic chemical fungicides 
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alternative. Essential oils are also considered a 
promising alternative with many having antifungal 
properties. However, very high concentration is 
needed when applied to real food systems 
(Hammer et al. 2003; Ahmet et al. 2005). 
Application of essential oil is a very attractive 
method for controlling postharvest diseases. 
Essential oils and their components are gaining 
increasing interest because of their relatively safe 
status, their wide acceptance by consumers, and 
their exploitation for potential multi-purpose 
functional use (Ormancey et al., 2001). Essential 
oils have been used successfully in combination 
with a variety of treatments, such as antibacterial 
agents, mild heat and salt compounds (Karatzas 
et al., 2000). 

The aim of the present study was to evaluate 
the efficacy some essential oils as single 
treatment or formulated on different carrier on the 
fungal growth. Further, coating Lemon fruit with 
formula containing some essential oils carried 
individually on different carrier materials against 
postharvest fruit molds incidence under artificial 
inoculation with the fungal pathogen of blue mold 
incidence caused by P. italicum was also 
evaluated under in vivo conditions. 

 
MATERIALS AND METHODS 

Essential oils:  
Essential oils used in the present study were 
obtained from CID Company, Egypt. The essential 
oils tested in present study were lavender, carrot, 
sweet almond, wheat germ, grape, olium 
(aloexylon agallochum) and medulla.  

Carrier materials: 
The used essential oils based on various carrier 
materials in the present study are shown in the 
Table 1.  

Growth inhibition: 
Seven essential oils at concentrations of 1, 2 and 
4% were evaluated for their inhibitory effect on P. 
italicum fungal radial growth, through in vitro tests. 
Emulsified stocks at high concentrations of tested 
essential oils were prepared by dissolving in 
sterilized distilled water. A few drops of the 
emulsifier Tween 20 (Sigma Co.) were added to 
the essential oil volumes to obtain an emulsion 
feature. Different volumes of the essential oil 
emulsion were added to conical flasks containing 
100 mL of sterilized PDA medium before its 
solidification, to obtain the proposed 
concentrations. The supplemented media were 

poured into Petri-dishes (9 cm) about 20 ml each. 
The control treatment was PDA medium which 
was free of essential oils. Disks (5 mm-diameter) 
of P. italicum growth taken from seven day-old 
culture were placed on the centre of Petri dishes. 
All plates were incubated at 25±2°C until the 
fungal reached full growth in the control treatment. 
Linear growth was measured (mm) and mycelial 
growth reduction (%) was calculated as follows: 

Growth reduction % =  
Where:  
C = linear fungal growth in control.  
T = linear fungal growth in treatment. 

Lemon fruits coating: 
Collected apparently healthy lemon fruits (cv. 
Balady) were used in the present in vivo 
experiments. All the fruits were disinfected 
(Lopez-Reyes et al., 2010) in sodium hypochlorite 
solution (2.5%) for 2min then washed with distilled 
water 3 times and air dried. The fruits were placed 
in sterile commercial packages. Different tested 
essential oils were prepared at concentration of 
4% individually or formulated on carrier materials 
which dissolved in water at different concentration 
(carrier : water, v:v) as stated in Table (2). 
Lemon fruits were arranged by groups according 
to the applied essential oil treatments. Lemon 
fruits were wounded (0.5 cm deep and 1.0 cm 
long and 3 wounds per fruit) using sterile scalpel. 
After wounding, coating process for lemon fruits 
were carried out by immersing immediately in 
solutions of different tested essential oils based 
on various carriers (as stated in Table 2). The 
treated fruits were left to air dry for 2 h at ambient 
temperature (24-26

o
C), and then artificially 

inoculated. The wounded treated fruits were 
inoculated with spore suspension (Lopez-Reyes 
et al. 2010). Conidia of fungal pathogen P. 
italicum were recovered from 2-week old cultures 
by adding 10 mL of sterile water to each plate. 
The conidial suspension was filtered through three 
layers of sterile cheesecloth. The concentration of 
the conidial suspension was adjusted to 10

5
 

conidia per mL and a drop of Tween 80 was 
added to the suspension. Each fruits group was 
inoculated with P. italicum. The fruits were 
artificially inoculated by dipping the wounded 
treated fruits into the prepared fungal 
suspensions. The inoculated treated fruits were 
air dried, after each individual essential oils 
treatment, for 2 h in a laminar flow. The inoculated 
treated fruits were placed into egg carton tray 
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(containing 30 holes) with a capacity of 30 fruit 
tray and stored in a cold room at (20±2

o
C) for 30 

days, then examined. Three egg trays were used 
as replicates for each particular treatment 
(essential oil on various carriers) and laid in carton 
package having moistened blotters at the bottom. 
Percentage of infected fruits was calculated after 
the storage period. 

Statistical analysis  
Tukey test for multiple comparisons among 
means was utilized as described by Neler et al. 
(1985). 

 
RESULTS 

The efficacy of growth inhibitor was evaluated 
against the growth of Lemon blue mold fungus P. 
italicum in vitro. Results in Table (2) show that all 
tested essential oils had inhibitor effect on the 
fungal growth. Inhibition in fungal growth 
increased with increasing in concentration of 
essential oils tested. Lavender, sweet almond and 
carrot oils showed the highest inhibitory effect on 
the fungal growth followed by wheat germ, grape 
and olium oils. The lowest inhibitor effect was 
observed at Medulla oil treatment. Data also 
showed that the highest reduction in the growth of 
P. italicum was recorded as 46.6, 43.3, 37.7, 31.1, 
25.5 and 26.6% at the concentration of 4% of 
lavender, carrot, sweet almond, wheat germ, 
grape seed, olium and medulla essential oils, 
respectively. 

The present study conducted with evaluation 
of different applied formula of essential oils carried 
on various carriers as fruit coating against the 
postharvest disease, blue mold of lemon. The 
coated Lemon fruits with essential oils formulas 
were artificially inoculated individually with blue 
mold pathogen under in vivo conditions. Molds 
incidence was recorded after 30 days of 
incubation. Presented data in Table (3) revealed 
that the used treatments had protected effect 
against blue mold incidence ranged between 33.3 
to 66.6% comparing with 100% infection in control 
treatment.  

The best protective effect of essential oils was 
observed with lavender, carrot, medulla followed 
by wheat germ, grape, sweet almond and olium 
treatments, respectively.  

Complete protective effect against blue mold 
incidence was observed on lemon fruits coated 
with different formulated essential oils. That 
achieved with [s-ar] carrier mixed with essential oil 
of lavender, carrot, sweet almond, wheat germ, 
olium and medulla oils. That was followed by the 

carrier [CMC-ar-] mixed with essential oils of 
lavender, carrot, sweet almond and wheat germ 
as well as the carrier [ge-ar] mixed with essential 
oils of lavender, sweet almond, grape, olium and 
medulla, respectively. Data also showed that, in 
general, all tested essential oils showed disease 
incidence ranged between 0.0 up to 66.6% when 
formulated on the different used carriers. It is 
interesting to note that fruit coating with only the 
carrier formula of sodium alginate (2%), CMC 
(2%), arabic gum (2%), [CMC-ar], [ar-gl], [s-CMC-
ge-al], [s-ge-al-ar], [s-CMC-gl-ar], [s-ge-gl-ar], [s-
gl-al-ar], [ge-gl-ar-CMC], [ge-gl-ar-al] and [gl-ar-al-
CMC]. Meanwhile, the rest of used carriers 
showed mold incidence recorded as 33.3% and 
66.6% compared with control treatment which was 
100% infection. The obtained results in the 
present study are confirmed with other previous 
reports by several investigators. Recorded results 
in the present study concerning the antifungal 
efficacy of different essential oils, lavander, carrot, 
sweet almond, wheat germ and grape in 
agreement of several cited reports. Meanwhile, in 
literature very lack or even not found reports 
concerning olium (Aloexylon agallochum) and 
Medulla essential oils, although, in present work 
they proved their antifungal activity against blue 
mold incidence of lemon fruits caused by the 
fungus P. italicum (Tables 2 and 3). 

 
DISCUSSION 

Application of essential oil is a very attractive 
method for controlling postharvest diseases. 
Essential oils have been used successfully in 
combination with a variety of treatments, such as 
antibacterial agents, mild heat and salt 
compounds (Karatzas et al. 2000). Recently, there 
has been considerable demand for the discovery 
of new natural antimicrobials. Plant products with 
antimicrobial properties have notably obtained 
attention as possible applicants in order to prevent 
bacterial and fungal growth (Lanciotti et al. 2004).  

Plant products are characterized as having a 
wide range of volatile compounds. This means 
that essential oils that some plant extracts could 
be used as alternative anti-bacterial and anti-
fungal treatments (Karapinar 1985; Nanir and 
Kadu 1987; Nirmala et al. 1988; Kumar and 
Tripathi 1991; Jenny 2000; Juglal et al. 2002). 

Essential oils and their components are 
gaining increasing interest because of their 
relatively safe status, their wide acceptance by 
consumers, and their exploitation for potential 
multi-purpose functional uses (Ormancey et al. 
2001; Devkatte et al. 2005). 
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Table 1: The used single and combined carrier materials 

 
Sr. No. Treatments Abbreviation 

                     Single treatments 

1 Sodium alginate (2%) [s] 

2 Carboxy Methyl Cellouse (2%) [CMC] 

3 Gelatin (4%) [ge] 

4 Aloe (10%) [al] 

5 Arabic gum (2%) [ar] 

6 Glycerol (1%) [gl] 

                     Combined treatments 

1 Sodium alginate (2%) + (CMC) (2%) [s-c] 

2 Sodium alginate (2%) + gelatin (4%) [s-ge] 

3 Sodium alginate (2%) + aloe (10%) [s-al] 

4 Sodium alginate (2%) + arabic gum (2%) [s-ar] 

5 Sodium alginate (2%) + glycerol (1%) [s-gl] 

6 CMC (2%) + gelatin (4%) [CMC-ge] 

7 CMC (2%) + aloe (10%) [CMC-al] 

8 CMC (2%) + arabic gum (2%) [ CMC-ar] 

9 CMC (2%) + glycerol (1%) [CMC-gl] 

10 Gelatin (104%) + aloe (10%) [ge-al] 

11 Gelatin (4%11) + arabic gum (2%) [ge-ar] 

12 Gelatin (4%) +12 glycerol (1%) [ge-gl] 

13 Aloe (10%) + ara13bic gum (2%) [al-ar] 

14 Aloe (10%) + glycerol (1%) [al-gl] 

15 Arabic gum (2%) + glycerol (1%) [ar-gl] 

16 Sodium alginate (2%) + CMC (2%) + gelatin (4%) + aloe(10%) [s-CMC-ge-al] 

17 Sodium alginate (2%) + gelatin (4%) + aloe (10%) + arabic gum (2%) [s-ge-al-ar] 

18 Sodium alginate (2%) + (CMC) 2% + glycerol (1%) + arabic gum (2%) [s-CMC-gl-ar] 

19 Sodium alginate( 2%) + gelatin(4%) + glycerol(1%) + arabic gum (2%) [s-ge-gl-ar] 

20 Sodium alginate (2%) + glycerol (1%) + aloe (10%) + arabic gum (2%) [s-gl-al-ar] 

21 Gelatin (4%) + glycerol (1%) + arabic gum (2%) + CMC (2%) [ge-gl-ar-CMC] 

22 Gelatin (4%) + glycerol (1%) + arabic gum (2%) + aloe (10%) [ge-gl-ar-al] 

23 Glycerol (1%) + arabic gum (2%) + aloe (10%) + CMC (2%) [gl-ar-al-CMC] 

 
Table 2: Effect of some essential oils on the growth of Penicillium italicum in vitro 

 

Essential oil Concentration (%) P. italicum 

linear growth (mm) Growth reduction (%) 

Lavender 
Lavandul aspica 

1 78 c 13.3 

2 64 d 28.8 

4 48 e 46.6 

Carrot 
Daucus carota 

1 82 bc 8.8 

2 69 d 23.3 

4 51 e 43.3 

sweet almond 
Prunus dulcis 

1 80 bc 11.1 

2 68 d 24.4 

4 56 e 37.7 

wheat germ 
Triticum durum 

1 83 b 7.7 

2 71 c 21.1 

4 62 d 31.1 

grape seeds 
Vitis vinifera 

1 84 b 6.6 

2 72 c 20.0 

4 61 d 32.2 

Olium 
Aloexylon agallochum 

1 85 b 5.5 

2 76 c 15.5 

4 67 d 25.5 

Medulla 
medulla oblongata 

1 86 b 91.1 

2 75 c 16.6 

4 66 d 26.6 

Control  90 a ------- 

Figures with the same letter are not significantly different (P= 0.05). 
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Table 3: Effect of different essential oils formulated on different carriers against blue mold incidence of lemon fruits in vitro 
 
 
Carrier material  
(Carrier : water, V:V) 

Treatment (essential oil at 4%) 

lavender carrot sweet 
almond 

wheat 
germ 

grape olium medulla carrier 
only 

control 
(fungus 
only) 

Sodium alginate (2%) 33.3 c 0.0 e 66.6 b 0.0 e 33.3 c 33.3 c 66.6 b 0.0 e 100 a 

 CMC (2%) 33.3 c 33.3 c 33.3 c 33.3 c 33.3 c 66.6 b 33.3 c 0.0 e 100 a 

Gelatin (4%) 0.0 e 0.0 e 33.3 c 0.0 e 0.0 e 66.6 b 0.0 e 66.6 b 100 a 

Aloe (10%) 33.3 c 33.3 c 66.6 b 33.3 c 33.3 c 33.3 c 66.6 b 33.3 c 100 a 

Arabic gum (2%) 33.3 c 66.6 b 66.6 b 33.3 c 0.0 e 33.3 c 0.0 e 0.0 e 100 a 

Glycerol (1%) 0.0 e 0.0 e 33.3 c 66.6 b 0.0 e 0.0 e 33.3 c 33.3 c 100 a 

sodium alginate (2%) + (CMC) 2% 66.6 b 66.6 b 0.0 e 33.3 c 0.0 e 66.6 b 0.0 e 33.3 c 100 a 

Sodium alginate (2%) + gelatin (4%) 0.0 e 66.6 b 33.3 c 0.0 e 66.6 b 33.3 c 33.3 c 33.3 c 100 a 

Sodium alginate (2%) + aloe (10%) 0.0 e 0.0 e 33.3 c 33.3 c 33.3 c 66.6 b 33.3 c 66.6 b 100 a 

Sodium alginate (2%) + arabic gum (2%) 0.0 e 0.0 e 0.0 e 0.0 e 33.3 c 0.0e 0.0 e 33.3 c 100 a 

Sodium alginate (2%) + glycerol (1%) 0.0 e 0.0 e 33.3 c 0.0 e 33.3 c 33.3 c 0.0 e 33.3 c 100 a 

(CMC) 2% + gelatin (4%)   0.0 e 66.6 b 33.3 c 0.0 e 66.6 b 33.3 c 33.3 c 33.3 c 100 a 

(CMC) 2% + aloe (10%)  0.0 e 0.0 e 33.3 c 33.3 c 33.3 c 66.6 b 33.3 c 66.6 b 100 a 

(CMC) 2% + arabic gum (2%) 0.0 e 0.0 e 0.0 e 0.0 e 33.3 c 33.3 c 33.3 c 0.0 e 100 a 

(CMC) 2% + glycerol (1%) 66.6 b 66.6 b 0.0 e 33.3 c 0.0 e 66.6 b 0.0 e 33.3 c 100 a 

Gelatin (4%) + aloe (10%) 0.0 e 66.6 b 33.3 c 0.0 e 66.6 b 33.3 c 33.3 c 33.3 c 100 a 

Gelatin (4%) + arabic gum (2%) 0.0 e 33.3 c 0.0 e 33.3 c 0.0 e 0.0 e 0.0 e 33.3 c 100 a 

Gelatin (4%) + glycerol (1%) 0.0 e 0.0 e 33.3 c 33.3 c 33.3 c 66.6 b 33.3 c 33.3 c 100 a 

Aloe (10%) + arabic gum (2%) 33.3 c 0.0 e 33.3 c 66.6 b 66.6 b 33.3 c 0.0 e 33.3 c 100 a 

Aloe (10%) + glycerol (1%) 0.0 e 0.0 e 33.3 c 66.6 b 33.3 c 33.3 c 33.3 c 33.3 c 100 a 

Arabic gum (2%) + glycerol (1%) 33.3 c 0.0 e 66.6 b 33.3 c 33.3 c 0.0 e 0.0 e 0.0 e 100 a 
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Table 3: Continue…. 
 
 
Carrier material  
(Carrier : water, V:V) 

Treatment (Essential oil at 4%) 

lavender carrot sweet 
almond 

wheat 
germ 

grape olium medulla carrier 
only 

control 
(fungus 
only) 

Sodium alginate (2%) + (CMC) 2% + gelatin (4%) + aloe (10%) 0.0 e 0.0 e 33.3 c 66.6 b 0.0 e 0.0 e 0.0 e 0.0 e 100 a 

Sodium alginate (2%) + gelatin (4%) + aloe (10%) + arabic gum (2%) 0.0 e 66.6 b 66.6 b 0.0 e 0.0 e 33.3 c 0.0 e 0.0 e 100 a 

Sodium alginate (2%) + (CMC) 2% + glycerol (1%) + arabic gum (2%) 0.0 e 33.3 c 0.0 e 0.0 e 0.0 e 33.3 c 0.0 e 0.0 e 100 a 

Sodium alginate (2%)+ gelatin (4%) + glycerol (1%) + arabic gum (2%) 33.3 c 33.3 c 33.3 c 33.3 c 33.3 c 33.3 c 0.0 e 0.0 e 100 a 

Sodium alginate (2%) + glycerol (1%) + aloe (10%) + arabic gum (2%) 0.0 e 0.0 e 0.0 e 33.3 c 0.0 e 0.0 e 0.0 e 0.0 e 100 a 

gelatin (4%) + glycerol (1%) + arabic gum (2%) + (CMC) 2% 33.3 c 33.3 c 66.6 b 66.6 b 33.3 c 66.6 b 33.3 c 0.0 e 100 a 

Gelatin (4%) + glycerol (1%) + arabic gum (2%) + aloe (10%) 0.0 e 33.3 c 0.0 e 33.3 c 33.3 c 33.3 c 33.3 c 0.0 e 100 a 

Glycerol (1%) + arabic gum (2%) + aloe (10%) + (CMC) 2% 0.0 e 33.3 c 33.3 c 0.0 e 33.3 c 0.0 e 33.3 c 0.0 e 100 a 

Total No. of tested fruits = 30 per each treatment 
Figures with the same letter are not significantly different (P= 0.05). 
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Lavender, as a kind of medicinal herb, can be 
effectively used in the treatment of vaginal 
discharges, and has a wide number of 
applications in supplementary medicine. 
Investigations conducted on lavender in both Iran 
and Italy have proved the fact that this medicinal 
herb has antifungal effects on different fungal 
species (Shin and Lim, 2004; Mahboubi et al., 
2008).Moreover, Behmanesh et al. (2015) 
suggested that with attention to the significant 
antifungal activity of lavender plant, it can be 
suggested that lavender could serve as a source 
of compounds with therapeutic potential, and can 
be used against Candida-related infections.  

Furthermore, Carrot seed oil is the source of 
the carotane sesquiterpenes carotol, daucol and 
β-caryophyllene. These sesquiterpenic 
allelochemicals were evaluated against Alternaria 
alternate isolated from the surface of carrot seeds 
cultivar Perfekcja, a variety widely distributed in 
horticultural practice in Poland. A. alternata is one 
of the most popular phytotoxic fungi infesting the 
carrot plant. The strongest antifungal activity was 
observed for the main constituent of carrot seed 
oil, carotol, which inhibited the radial growth of 
fungi by 65% (Jasicka-Misiak et al., 2004). 
Analyses of seed essential oil show that sabinene 
(40.9%) and α-pinene (30.1%), followed by β-
bisabolene (6.2%), β-pinene (5.7%) and trans-
caryophyllene (5.3%) are the dominant 
compounds (Aćimović et al., 2016). The major 
constituents of essential oil from cultivated carrot 
seeds were reported as carotol (22.0%), sabinene 
(19.6%) and α-pinene (13.2%). The essential oil 
from carrot seeds possesses strong antimicrobial 
activity against fungi such as Candida albicans 
and A. alternate, as well as bacteria 
Staphylococcus aureus (Imamu et al., 2007). 

Grape seed is a well-known dietary 
supplement and contains vitamins, minerals, and 
polyphenols. The abundant phenolic compounds 
from grape seed are catechins, epicatechin, 
procyanidin, and some dimmers and trimers. The 
grape seed is shown to exhibit bioactivities such 
as antioxidant, antiflammatory, anti-bacterial, anti-
cancer, antiviral, cardioprotective, 
hepatoprotective, neuroprotective, antiaging and 
anti-diabetic. The oil extracted from grape seeds 
is used in cosmetic, culinary, pharmaceutical and 
medical purposes (Baydar et al., 2007; Mendes et 
al., 2013). 

In the present study Wheat germ oil showed 
antifungal effect against P. italicum. One of the 
benefits of wheat germ oil for skin is reducing 
inflammation. The possible reason may be that it 

contains vitamin E which has anti-inflammatory 
properties. Furthermore, wheat germ oil has a 
plenty of vitamins and nutrients for rejuvenation 
such as vitamin E, vitamin A, vitamin D, thiamine, 
riboflavin, nicotine acid, pantothenic acid, 
pyridoxine, folic acid. Mineral in wheat germ oil 
include calcium, potassium, phosphorus, 
manganese, iron, zinc, selenium, copper. Rizzello 
et al. (2011) stated that, methanol and water/salt-
soluble extracts from wheat germ (SFWG) 
showed antifungal activity against various fungi 
isolated from bakeries. The antifungal activity was 
attributed to a mixture of organic acids and 
peptides which were synthesized during 
fermentation. Formic (24.7mol/L) acid showed the 
highest antifungal activity. Four peptides, having 
similarities with well-known antifungal sequences, 
were identified and chemically synthesized. 

Recently, interest has been shown in 
combining microbial biocontrol agents with other 
chemical components to increase their activity 
against plant pathogens.  

Also, Pre-storage approach formula of bio-
agents and essential oils was successfully 
minimize decay incidence of tomato fruits during 
storage under natural and artificial inoculation 
conditions with the disease incidents (Abd-Alla et 
al., 2009). Abd-Alla et al. (2014) reported that 
under storage conditions, artificially inoculated 
bananas with Fusarium semitectum showed 
reduction in both crown rot disease incidence and 
severity when treated with cinnamon, thyme bitter 
and sweet almond oils. Almonds have many 
essential vitamins such as vitamin D, vitamin E 
and minerals such as calcium, magnesium. 

The advantage of edible films over other 
traditional synthetic films is that can be consumed 
with the packaged products. The films can 
function as carriers for antimicrobial and 
antioxidant agents. Antimicrobial edible films may 
supply an effective way to control food-borne 
pathogens and spoilage microorganisms to thus 
enhance food safety and reduce product spoilage. 
The use of edible films as antimicrobial carriers 
represents an interesting approach for the 
external incorporation of plant extract onto food 
system surfaces (Behbahani et al., 2014). The 
advantages of using an edible film with extract 
plant for food products are that it may be easy to 
use and it may be able to enhance quality and 
extend the shelf life while reducing packaging 
waste. Moreover, in this regard, extract plant is a 
valuable component for processing biodegradable 
packaging which can extend shelf-life and inhibit 
pathogens and spoilage. 
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In the present study, sodium algenate, gelatin 
CMC and aloe were used individually or in 
combination as edible film (carrier material) for the 
tested essential oils forming a test solution used 
for coating lemon fruits in purpose of protecting 
fruit against mold decay infection.  

Rawdkuen et al. (2012) investigate the effect 
of the addition of an ethanolic propolis extract 
(EPE) to gelatin-based films plasticized with 
acethyltributhyl citrate (AC) on the mechanical 
properties, solubility and the antimicrobial activity 
against food spoilage microorganism. The films 
kept their antimicrobial activities during 177 days 
of storage. These results demonstrated the 
antimicrobial capacity of gelatin-based films 
added of propolis, and their stability over time. 
Moreover, Khalil et al. (2013) reported that Soy-
starch and gelatin edible films were prepared and 
incorporated with Myrtus communis and Ziziphus 
spina-christi essential oils separately and as a 
mixture in different concentrations. The films were 
characterized for their antimicrobial activity and 
their physico-chemical properties. The films were 
studied on different food applications (orange, 
apple, lemon, tomato, pizza dough, chicken 
salami, meat salami, artificial cheese, 
mayonnaise, yoghurt and skimmed cheese). Their 
results showed that, the films extended the shelf-
life of the food products depending on the 
effective chemical compounds of the essential oils 
α-pinene and limonene. Further, Behbahani et al. 
(2014) studied the antimicrobial properties of 
CMC films containing different concentrations of 
the extracted Eucalyptus tree leaves against 
Streptococcus pyogenes, Pseudomonas 
aeruginosa and Staphylococcus epidermidis. As a 
result, aqueous and ethanloic extracts of 
Eucalyptus camaldulensis leaves, have been 
strong antimicrobial activity against many food 
pathogen bacteria.A work of Angelova et al. 
(2015) has been demonstrated that silicon dioxide 
(SiO2/CMC hybrid materials with included silver 
nanoparticles (AgNPs)showed fungistatic 
behavior against A. niger. They added that the 
composites prepared using metal nanoparticles 
and polymers can be more effective due to their 
enhanced antimicrobial activity. 

Another work aimed to formulate sodium 
alginate nanospheres of amphotericin B by 
controlled gellification method and to evaluate the 
role of the nanospheres as a “passive carrier” in 
targeted antifungal therapy. In vivo studies 
showed that the nanosphere-bound drug 
produced a higher antifungal efficacy than the free 
drug. They conclude that the formulated sodium 

alginate nanospheres containing amphotericin B 
was found to have better antifungal activity when 
compared to the free drug and also yielded 
sustained in vitro release. Chemically, alginates 
are naturally occurring polycarbohydrates 
consisting of co-polymers of α-L-glucuronic acid 
(G) and β-D-mannuronic acid (M). The relative 
amounts of these two building blocks influence the 
total chemistry of this bio-polymer, where G/M 
ratio determines the permeability properties of the 
swollen alginate gel which envelops the essential 
oils (Amsden, 1998). Soliman et al. (2013) 
reported that the antifungal activity of vapors of 
microencapsulated and non-microencapsulated 
oils was evaluated against two of pathogenic fungi 
species for stored grains: Aspergillius niger and 
Fusarium verticillioides. They found that 
encapsulation in calcium alginate microspheres 
may effectively reduce the evaporation rate of 
essential oils, thus increase the potential 
antifungal activity. Furthermore, Aloe verawas 
used in the present study as based formula for 
coating lemon fruit with tested essential oils. The 
antifungal activity of Aloe (A. vera)has been 
reported against postharvest fruit pathogens, such 
as P. digitatum, P. expansum,  B. cinerea and A. 
alternate (Rodridus et al.,2005) and was based on 
the suppression of germination and the inhibition 
of mycelia growth (Ferro et al., 2003). Some 
individual components found in A. vera gel, such 
as saponins, acemannan and anthraquinones 
derivatives, are known to have antibiotic activity 
and could be responsible for its antibacterial 
activity. The fresh leaves of A. vera are used to 
obtain two components: a bitter, yellow liquid 
fraction (exudates) and a mucilaginous pulp from 
the parenchymatous tissue. The liquid fraction 
constituents are largely phenolic in nature 
(Reynolds, 1985). It also has a high content of 
1,8-dihydroxianthraquinone derivatives (A. 
emodin) and their glycosides (aloins), which are 
used as cathartics (Morton, 1977). The pulp 
contains carbohydrate polymers (glucomannans 
or pectic acid) and other organic and inorganic 
components (Grindlay and Reynolds, 1986). A. 
vera is reported to contain mono- and 
polysaccharides, tannins, sterols, organic acids, 
enzymes, saponins, vitamins and minerals 
(Newall et al., 1996). The main active constituent 
of A. vera plant extract is aloine, an anthraquinone 
heteroside (Bruneton, 1993). 

CONCLUSION 
In conclusion, the improved formulation of 
essential oils and carrier materials mixtures 
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provided an effective control for lemon fruit 
against postharvest pathogen infections and 
artificial infections of P. italicum with values of 
decay reduction started at 33.3%.and increased to 
reach 100%. These results demonstrated that the 
commercialization of some of formulated essential 
oils to control postharvest decay of such fruits 
appears to be feasible and may present an 
alternative to synthetic pesticides. This study also 
provides an insight into expanding these 
strategies, partly or fully, for the control of other 
postharvest infections. Actually, despite the 
distinctive features of these alternative methods, 
several reasons hinder the commercial use of 
such treatments. Consequently, research should 
emphasize the development of appropriate tools 
to effectively implement these alternative methods 
to commercial citrus production. It is hoped that 
this study would lead to the establishment of 
some compounds that could be used to formulate 
new and more potent antimicrobial agent of 
natural origin. 
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