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Abstract—Edible coatings have been used to prevent 
physiological disorder caused by minimum processing. The aim 
oh this research is to study about the physical properties of edible 
film carboxymethylcellulose with the addition of essential oil and 
its ability to inhibit browning and microbial growth on fresh-cut 
apples. The research was conducted using an experimental 
method in Completely Randomize Designed with multiple 
factors. This research was divided into two steps. The first was 
edible film carboxymethylcellulose with the addition of essential 
oil physical properties test, and the second was edible coating 
application of the fresh-cut apple. Two concentrations of 
carboxymethylcellulose were used, 1% and 1,5%. In addition, 
five variations of essential oils were mixed into the 
carboxymethylcellulose: no essential oil, 2% lemon essential oil, 
3% lemon essential oil, 0.1% betel leaf essential oil and 0,2% 
betel leaf essential oil. The results showed that the concentration 
of 1,5% carboxymethylcellulose with the addition of betel leaf 
essential oil had the greatest value on physical properties. The 
results also showed that the essential oils were incapable of 
inhibiting browning on fresh-cut Manalagi apple, but essential 
oil of lemon 3% could inhibit a microbial activity.  

Keywords— Apple cv Manalagi, CMC, Edible Coating, 
Essential Oil, Physical Properties 

I. INTRODUCTION 
The use of edible coating was to reduce effect brought by 

minimum processing. The aim of semipermeable barrier 
provided by edible coatings is to extend shelf-life by 
decreasing respiration, moisture and gas migration, and 
oxidative reaction also prevent physiological disorders on 
fresh-cut fruits [1] and [2] Carboxymethyl cellulose (CMC) is 
a linear, long-chain, water-soluble, anionic polysaccharide that 
can be used as edible coating for food [3].  

Reference [4] stated that lemon has essential oils that are 
capable of inhibiting the growth of Staphylococcus aurous 
bacteria. The essential oil of lemon contains 59.7% limonene, 
a compound that functions as an antibacterial [5]. Lemon 
essential oil also contains nerol in which has a synergistic 
effect on improving the antibacterial activity [6]. 

Betel leave is known to have some antibacterial effects on 
several types of bacteria, one of which is Streptococcus 
mutans. They contain some essential oils with phenols and its 
derivatives as their main components including the derivatives 
klavikol that has a bactericidal power [7]. 

The active compounds of essential oils such as carvacrol, 
cinnamaldehyde, and cytral have strong antimicrobial 
properties [8]. For this reason, essential oils are capable of 
being used to combine with CMC as antimicrobial. Therefore, 
this study was conducted to determine the physical properties 
and microbial inbition ability of CMC edible coating combined 
with lemon essential oil and betel leaf essential oil and to study 
CMC edible coating combined with lemon essential oil on 
Fresh-cut Apple cv Manalagi. 

II. METHODS 

A. Materials 

Apple was harvested from Batu City orchard, Malang with 
same age and size with free fruit injury. The sample was then 
directly brought to Postharvest Technology Laboratory, UMY 
using a cool box storage. Other materials for making edible 
coating included CMC (Himedia), glycerol (Bratachem), 
essential oils of betel leaf and lemon (Happy Green Ltd), 
aquadest, and microbial soil, and NA microbial growing media 
(OXOID). This experiment also used a refrigerator, film 
casting, aluminium frames with the size of 10 cm x 20 cm, 
water bath, oven, blender, stirrer, glassware, Styrofoam, Water 
Vapour Transmission Rate Test, Introns Universal Testing 
Instrument (Zwick Z.05 texture analyser), and colour index 
books,  

This research was conducted in Completely Randomized 
Design with multiple factors. The first factor was the 
concentration of essential oil consisting of five levels: 0% 
essential oil, 2% lemon essential oil; lemon essential oil 3%; 
essential oil of betel leaf 0.1%; Essential oil of betel leaf 0.2%. 
The second factor was the concentration of CMC with two 
levels: 1% CMC and 1.5%.CMC  

B. Preparation of the Film Forming Solutions 

CMC film forming was done by heating 600 mL of 
distilled water at a temperature of 90°C. CMC powder was 
added according to treatment and stirred until forming a CMC 
solution. 1.5% glycerol was added in the solution and then 
stirred until being homogeneous. Essential oils were put into 
CMC solution according to the treatment and stirred slowly 
until a homogeneous solution was formed. CMC solution was 
poured on an acrylic glass plate and stored at a room 
temperature for one week until drying and forming the edible 
film. Edible film was then released from acrylic to be cut into 
pieces according to the parameter requirements. The 
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concentrations of edible coating ingredients used in these 
formulations were set up based upon reference [9] and 
reference [10]. 

C. Application of Edible Coating 

Apple fruit was brought to the laboratory to be sorted and 
washed with 50 ppm chlorine solution and cut into 2 x 1.5 x 
1cm. The fresh-cut was dipped according to the treatment 
before being drained. The fresh-cut was placed in styrofoam 
and covered with wrapping film. Fresh-cut that has been 
treated and packaged then stored in a refrigerator with 
temperature of 4⁰C. The observations were made on the day 
(0, 3, 6, 9, 12, and 15) according to the observation 
parameters. 

D. Water Vapor Transmission Rate  

The test on water vapour permeability in this film aimed 
to determine the velocity of water vapour transmission. The 
test was done by cutting the edible film into a circle with a 
diameter of 8 cm. Edible films were tested on WVTR devices 
conducted at the Engineering Laboratory, Faculty of 
Agricultural Technology, Gajah Mada University. 

First, jars were filled with 40% concentration of salt 
solution using NaCl by dissolving 40 grams NaCl with water. 
The cup was then filled with blue silica gel. The tested film 
was sealed and waxed on the edge of the film in contact with 
the cup. The cup was placed in a jar set with 77% RH with 
40% NaCl solution at 25⁰C. The size of the cup was 7.45 cm 
in diameter, 8.45 cm in outer diameter, and 2.65 cm in depth. 
Weighing was carried out every hour within 7 hours and then 
the slope was calculated between the weight change and the 
storage time. The rate of water vapour transmission was 
determined by equation: 

WVTR= Slope
A

 (g)/(m2) (hour) 

Note: A = area of film 

E. Tensile Strength  

The tensile strength was measured to determine the 
amount of force achieved to achieve a maximum pull in each 
unit of film area to stretch or elongate [11]. Instron Universal 
Testing Machine was used to measured tensile strength and 
percentage of elongation. This test was conducted at the 
Engineering Laboratory, Faculty of Agricultural Technology, 
Universitas Gadjah Mada. The method was started by cutting 
the edible film with into 12 cm x 5 mm each piece, and then 
horizontally placed on the UTM device and analyzing the 
results directly visible on the computer. Outgoing results were 
in the form of thickness value, tensile strength and elongation. 
The sample was cut in certain shape (according to the 
specifications of the tool) and certain size and installed on the 
tool. Tensile strength was determined by the equation below.  

Tensile strength= 
F max

A  
Note: F max = Maximum force to break the film 

F. Elongation  

Length increase was measured using the zwick 
instrument. The output detected was the initial length and 
maximum length of the film. Elongation was determined by 
the following equation: 

Elongation= 
L0-Lc

Lc x 100% 
Note: L0 = initial length, LC= final maximum length 

G. Biodegradability 

Soil Burial Test was used to measured biodegradability of 
edible film.  It was started by cutting the film with a size (5x5) 
cm by 3 pieces in each treatment. The cut film was then buried 
in the ground for one week, then observeed was done on the 
film area were left and calculated using area meter. 

H. Solubility in Water  

The percentage of solubility of edible film is the 
percentage of the film dissolved in water after soaking for 24 
hours [12]. The sample was cut into to 3x3 cm and placed in 
an aluminium cup which has previously been dried and 
weighed. Edible coating samples were put into an oven at 
100⁰C for 30 minutes. Weigh dry sample weight as initial dry 
weight (w0), then sample soaked for 24 hours in 50 ml 
aquades. After 24 hours, the unsolved sample was removed 
and dried in an oven for 2 hours at 100⁰C and weighed as the 
sample weight after immersion (w1). The percentage of 
solubility of samples in water (S) was calculated by the 
equation below: 

Solubility in water=
w0-w1

w0
 x 100% 

Note: W0 = initial weight, W1= final weight 

I. Colour and browning index 

Colour and browning testing was done qualitatively based 
on the level of preference for the quality of manalagi apples. 
Testing was done by selecting 10 panellists to measure the 
level of preference using scoring 1-5 as 1 for dislike and 5 for 
like. 

Score=
(Score x Number of panelist)

Total panelist  

J. Antibacterial Activity 

Microbiological tests were carried out within 0, 3, 6, 9, 12, 
and 15 days of storage by counting the total microbes using 
the plate count method [13]. Medium Nutrient Agar (NA) was 
made as much as 1,000 ml. The medium was homogenized 
and sterilized by autoclave on 1 atm for 20 minutes. 1 g fruit, 
which had been mashed was then put into a tube containing 9 
ml of sterile aquadest before being homogenized with vortex. 
A 0,1-ml sample solution was diluted into 10 ml medium, 
which had been poured in petridish. The petridish was 
incubated for 2 days at the room temperature. The number of 
microbes growing on petridish was calculated by colony 
counter and the result of the calculation was presented in log 
Colony Forming Unit (CFU). 

K. Data Analysis 

Observation data were analyzed using SAS software and 
Duncan Multiple Range Test was performed at 5% error level 
for comparison. 
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III. RESULTS AND DISCUSSION 

A. Water Vapor Transmission Rate 
Table 1. Water vapor transmission rate (g h20/m2/h) of CMC 

based edible coating enriched with essential oils 

Treatment 

Essential Oils 

Means  Lemon Betel 
Leaf 

0% 
(M0) 

2% 
(M1) 

3% 
(M2) 

0.1% 
(M3) 

0.2% 
(M4) 

CMC 1% (C1) 31.40 28.86 28.48 24.10 23.40 27.25a 
CMC 1.5% (C2) 22.50 26.04 24.73 24.13 22.41 23.96b 
Means 26.95a 27.45a 26.61a 24.12b 22.90b (-) 
 

Table 1 stated that the means between CMC treatments 
were different significantly. The average CMC treatment 
concentration of 1% (C1) was higher than the mean CMC 
concentration of 1.5% (C2). It is alleged that CMC with a 
concentration of 1.5% had high density with the result showing 
its ability to restrain the rate of water vapour; while CMC with 
a concentration of 1% had a lower density with that result 
showing that it was easily traversed by water vapour. CMC 
with a concentration of 1.5% had more dissolved than CMC 
with a concentration of 1%. 

According to reference [14], the high concentration of an 
edible film would increase the number of film-forming 
polymers and total solids with the result that thick edible films 
would be formed. The increase of of polymer would reduce the 
cavity in the gel formed, and the thicker and denser film matrix 
formed could reduce the water vapour transmission rate with 
the result that water vapour is difficult to transmit. 

Table 1 shows that the mean between the treatments of 
essential oils was different significantly. The mean treatment 
of CMC essential oil 0% (M0) was higher than the means 
treatment of CMC essential oils of betel leaf at various 
concentrations (M3 and M4).  

Reference [15] stated that polymers with high hydrophilic 
groups would produce films susceptible to moisture, whereas 
polymers with high hydrophobic groups would produce films 
with good resistance to moisture. Essential oils are capable of 
improving the hydrophobic of CMC edible film. Hence, the 
resistance of edible films to water vapour increases with the 
increasing concentration of essential oils in edible films CMC. 
Reference [16] showed that the addition of essential oils of 
Boesenbergia rotunda had a significant effect on the water 
vapour transmission rate of edible film and an increase in the 
concentration of essential oils causes a decrease in the value of 
water vapour transmission due to containing a non-polar group 
with the result that it has good resistance to water vapour. 
Good resistance to water vapour described as resisting water 
molecules, the water vapour difficult to transmit [17]. 

B. Tensile Strength 

Table 2. Tensile strength (Mpa) of CMC based edible coating 
enriched essential oil 

Treatment 

Essential Oil 

Means  Lemon Betel Leaf 

0% (M0) 2% (M1)  3% (M2) 0.1% (M3) 0.2% (M4) 

CMC 1% (C1) 0.31de 0.22e 0.25e 0.53c 0.38cde 0.34 

CMC 1.5% (C2) 0.56c 0.47cd 0.30de 0.86b 1.22a 0.68 

Means 0.44 0.34 0.28 0.69 0.80 (+) 

 

Table 2 shows each of CMC treatment at various 
concentrations of essential oils was different significantly. 
CMC treatment of 1% concentration with the addition of 0.2% 
betel leaf essential oil (C2M4) had the higher tensile strength 
compared to other treatments. There was a significant 
difference between the treatment of CMC 1% essential oil 
0.2% (C1M4) and CMC 1.5% essential oil of betel leaf 0.2% 
(C2M4). The higher concentrations of CMC for edible films 
would increase the binding CMC molecules with result 
showing that the CMC would not break easily by pulling force 
[18]. Research conducted by reference [19] using CMC with 
concentrations among 0%, 0.25% and 0.5% combined with 
2.5%, 3.5% and 4.5% potato starch resulting that the increase 
value of tensile strength caused by the higher concentration of 
the CMC in edible film formula.  

Table 2 also shows some significant differences between 
the treatment of CMC without essential oils and the one with 
the addition of various essential oils. CMC 1% treatment with 
the addition of 0.1% betel leaf 0.1% (C1M3) essential oil had 
the higher tensile strength compared to 1% CMC treatment 
without essential oil (C1M0). Research conducted by 
reference [20] showed that CMC with a concentration of 1% 
resulting the tensile strength value of 0.34 Mpa. Reference 
[21] stated that CMC of 1% with the addition of 0.4 grams of 
glycerol resulting the tensile strength value of 0.24 MPa. In 
this study, CMC 1% with the addition of 0.1% betel leaf 
essential oil and 0.2% was 0.53 MPa and 0.38 MPa. This 
stated that CMC combined with other ingredients had the 
higher tensile strength compared to the use of CMC as a single 
ingredient in edible film formula.  

C. Elongation 

Table 3. Elongation (%) of  CMC based edible coating 
enriched essential oils  

Treatment 

Essential Oils 

Means  Lemon Betel Leaf 

0% (M0) 2% (M1) 3% (M2) 0.1% (M3) 0.2% (M4) 

CMC 1% (C1) 156.7e 185de 250.6b 206.7cd 176.7de 195.13 

CMC 1.5% (C2) 208.8cd 231.1bc 184de 177.2de 311.3a 222.47 

Means 182.7 208.05 217.29 191.96 244 (+) 

 
 Table 3 shows each CMC treatment at various 
concentrations of essential oils was different significantly. 
CMC with a concentration of 1.5% provided a higher 
percentage of elongation compared to CMC 1% at various 
concentrations of essential oils. The use of CMC in larger 
amount caused better water binding ability with the result that 
it provided a gel matrix capable of increasing the percent 
length of the edible film because CMC had the high gel 
strength. Reference [22] stated that the addition of CMC has 
caused the gel to be more elastic with the result that the more 
elastic gel increasing the percent value of elongation.  
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D. Biodegradability 
Table 4. Biodegradability (%) of  CMC based edible coating 

enriched essential oils 

Treatment 

Essential Oil 

Means  Lemon Betel Leaf 

0% 
(M0) 2% (M1) 3% (M2) 0.1% 

(M3) 0.2% (M4) 

CMC 1% 
(C1) 100 100 100 100 100 100a 

CMC 1.5% 
(C2) 100 98.67 98.67 97.33 96 98.13b 

Means 100a 99.33ab 99.33ab 98.67ab 98b (-) 

 
 Table 4 shows the mean between CMC treatments was 
different significantly. The CMC concentration of 1% had a 
higher biodegradability compared to CMC concentration of 
1.5%. Basically, CMC is a linear polymer ether and in the form 
of compounds that have high biodegradable properties for 
coming from natural material that is wood cellulose. A 
research conducted by reference [23] showed that CMC 5% 
had the higher biodegradability of 100% compared to CMC 
with a concentration of 10 % with the biodegradability by 
75.57%. This has proven that the lower concentration of CMC 
would increase biodegradability.  
 Table 4 also shows that the mean treatment of CMC 
without essential oils was significantly different from the mean 
CMC treatment combined with 0.2% betel leaf essential oil. 
The low value of biodegradability was due to the high 
concentration of CMC and addition of essential oil of betel leaf 
serving as an antimicrobial with the result showing the process 
of decomposition of edible films on the soil slower than edible 
film CMC as single ingredient. Essential oil from betel leaf 
contained 30% phenol. Phenol can cause damage to bacterial 
cells, denaturize proteins, activate enzymes and cause cell 
leakage [24]. The mechanism of phenol as an anti-bacterial 
agent acted as a toxin in the protoplasm, damaging and 
penetrating walls and precipitating bacterial cell proteins. 
Large molecular phenolic compounds can activate essential 
enzymes in bacterial cells even in very low concentrations. It 
caused edible film CMC with addition essential oil resulting 
lower value of biodegradability, even in lowest concentration 
(0.1%). 

E. Solubility in water 

Table 5. Solubility in water (%) of  CMC based edible coating 
enriched essential oils 

Treatment 

Essential Oil 

Means  Lemon Betel Leaf 

0% 2% 3% 0.1% 0.2% 

CMC 1%  100 100 100 100 100 100a 

CMC 1.5%  100 100 100 100 100 100a 
Means 100a 100a 100a 100a 100a (-) 

 
 Table 5 shows each treatment or means treatment of CMC 
and essential oils was not different significantly. All 
treatments had the good percentage of solubility in water, this 
is presumably because the bonds between CMC molecules 
were more tenuous with the result proving that water 
molecules were easily associated with CMC molecules.  This 
is also because the CMC used to make edible films was a 
CMC with DS value of 0.7 or about 7 Carboxymethyl groups 

per 10 units of anhydroglucose, with the result that capable of 
being easily dissolved in water even though  the difference in 
CMC concentrations of 1% and 1.5% [25]. 

F. Colour and Browning Index  

Table 6. Colour and browning index of  CMC based edible 
coating enriched essential oils 

Treatment 
3 6 9 12 15 

Score Score Score Score Score 
C1M0 3.8 3.6 3.5 3.5 3 
C2M0 3.8 3.6 3.5 3.5 2.8 
C1M1 4 3.8 3.6 3.5 3 
C1M2 4 3.8 3.6 3.3 2.8 
C1M3 3 3 3 3 2.3 
C1M4 3 3 3 3 2.3 
C2M1 4 3.8 3.6 3.3 3 
C2M2 4 3.8 3.6 3.1 2.8 
C2M3 3 3 3 3 2 
C2M4 3 3 3 3 2.1 

 
 Table 6 shows that on the 3rd day until the 15th day, the 
score given by the panellists in each treatment showed a 
decrease in score. The lowest score since the 3rd day until the 
15th day was found in CMC treatment combined with betel 
leaf essential oil. The level of the panelist's preference for 
fresh-cut coated with CMC with the addition of essential oil of 
betel leaf was reduced because the colour had changed to 
brownish red. This colour may be caused by phenol 
compounds in essential oils of betel leaf. According to 
reference [26], betel leaves contain the essential oils, 
representing one third of phenols. This phenol compound 
caused enzymatic browning [27]. 

G. Microbiology 

Table 7. Microbiology of  CMC based edible coating enriched 
essential oils  

Treatment 
Day (10^5 CFU/ml) 

0 3 6 9 12 15 

C1M0 0 48.5 78 95 1900 Spreader 
C2M0 0 81.5 36.5 Spreader 1100 Spreader 

C1M1 0 98.5 37 51 159 326 

C1M2 0 83 41 0 95 121.5 
C1M3 0 81 0 Spreader 224 Spreader 

C1M4 0 191 0 42 139.5 330 

C2M1 0 87 0 56 87 109 
C2M2 0 105 0 0 51 62 

C2M3 0 95 49 77 Spreader 259.5 

C2M4 0 98.5 57 71.5 Spreader 153 

  
 The same level of bacterial growth occurred in the 
treatment CMC coating 1% and 1.5% on essential oils betel 
leaf. In the addition of lemon essential oil at various 
concentrations of CMC, no spreader was found. This indicated 
that the population and growth of bacteria in the treatment 
could be inhibited. Besides being able to inhibit the bacterial 
population, the treatment was also able to inhibit bacterial 
population growth until the 15th day of storage. This is 
consistent with the statement of reference [28] that the 
hydrophobic properties of essential oils was able to pass 
through microbial cell membranes and enter mitochondria, 
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disrupt internal structure and render the membrane more 
permeable. 
 The nti-bacterial compounds can occur through several 
mechanisms namely by inhibiting the bacterial growth 
through a reaction with cell membranes and by inactivating 
essential enzymes or genetic material. Furthermore, tannin 
compounds can form complexes with proteins through 
hydrophobic interactions and then from these bonds it will 
cause denaturation and disrupted cell metabolism; thereby 
killing bacterial cells [29]. 
 Lemon essential oil has been successfully used as an 
antimicrobial in gram positive and gram negative bacteria 
[30]. Chitosan edible coating combined with lemon essential 
oil with a concentration of 3% became alternative treatment 
to extend the shelf-life of strawberry [31].  

IV. CONCLUSION 
Increasingly, the CMC concentration showed an ability to 

improve the physical properties of edible films. CMC with 
1.5% showed the greatest value on the physical properties of 
edible films by minimizing the rate of water vapour 
transmission and increasing tensile strength and percent of 
elongation. The addition of 0.2% betel leaf essential oil was 
able to improve the physical properties of edible films by 
minimizing the rate of water vapour transmission and 
increasing tensile strength and percent elongation. The 
addition of essential oils was not able to inhibit browning in 
fresh-cut apples. On the other hand, the addition of 3% lemon 
essential oil combined with CMC was able to inhibit 
microbial growth in fresh-cut apples. 
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