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ABSTRACT  

Developing edible coatings using biopolymers and natural bioactive compounds has recently received in-
creased attention. These coatings present an environmentally friendly packaging solution that is recognized 
for its sustainability and consumer appeal, unlike traditional methods of food preservation. Thus, the main 
objective of this research was to develop coatings from Manihot esculenta Crantz containing different con-
centrations of Lavandula angustifolia Mill essential oil. Therefore, the influence of varying the concentration 
of the essential oil on the physical and chemical characteristics, as well as on the antimicrobial efficacy, was 
evaluated. The findings revealed a remarkable impact of the essential oil on the coating, resulting in an increase 
in thickness and a decrease in solubility, swelling capacity, water vapor transmission rate, and water vapor 
permeability. It is essential to highlight the potential of the developed coatings to inhibit the growth of common 
pathogenic bacteria, indicating their feasibility in protecting foods from bacterial spoilage and prolonging their 
shelf life. 

Keywords: Cassava starch; lavender; coating; essential oil; innovation. 
 

INTRODUCTION 

Packaging extends the shelf life of different products, protecting them from mechanical, chemical, and bio-
logical contamination 1. However, plastic packaging is one of the primary solid wastes in most cities world-
wide, and much of it is not degradable in a typical environment 2,3. 
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Different new food packaging concepts have been introduced to meet consumer demands. Thus, innovative 
materials like active packaging have been developed to prolong storage and maintain product quality 4. 

Edible coatings usually include different hydrophilic components, such as polysaccharides or proteins. These 
natural biopolymers can provide mechanical protection, act as barriers to mass transfers (such as gases and 
water vapor), and even carry functional additives (such as antimicrobial agents and antioxidants) to extend the 
shelf life of food products3 effectively5. Thus, biopolymers are now an alternative in the food industry 4–6. 

Regarding tubers, their main component, starch, can produce biodegradable films on a large scale and cheaply. 
Therefore, starch-based materials can reduce disposable plastic and promote alternative packaging to reduce 
environmental pollution 7,8. 

Since the last 30 years, cassava production has almost doubled to about 260 million tons in 2012, making it 
an abundant and attractive source for new research. The most significant production is in Africa, one-third in 
Asia, and 14% in Latin America. Thus, cassava starch has become one of the most promising raw materials 
for producing edible coatings and films due to its low cost, abundance, renewability, biodegradability, and 
film-forming capacity 9,10. 

Food safety is a global health concern, which has generated considerable attention to the presence of foodborne 
pathogens due to the risk to health and the increasing development of antibiotic resistance 11. 

On the other hand, essential oils consist of the lipophilic fraction of the phytocomplex, which includes terpenes 
and some phenolic compounds. They are synthesized in specific glandular tissues to attract animals for pollen 
and seed dispersal and to protect plants from abiotic and biotic environmental stressors 12. Nevertheless, in 
plants, the primary function of essential oils is represented by their inhibitory effect against bacteria, fungi, 
and viruses 13 

One of them, lavender (Lavandula angustifolia Mill.), is a species of the Lamiaceae family used to relieve 
mild symptoms of mental stress, exhaustion and the treatment of insomnia 14. For this reason, today, oil and 
its products are among the most popular worldwide. In addition, recent studies have described its antibacterial 
and anticarcinogenic effect 15. 
Based on this, the present research determined the antimicrobial capacity of an edible coating made from 
cassava starch as a possible alternative to protect and preserve food. 

 

 
MATERIAL AND METHODS 

Raw material procurement 
No specific methodology was used to prepare the materials purchased from local companies "Las Esencias y 
Supermaxi." The materials included analytical-grade starch, gelatin, glycerol, essential oil, amylose, and am-
ylopectin stocks. Inhibition disks gentamicin (30 μg/disk), chloramphenicol (30 μg/disk), and tetracycline (30 
μg/disk) were obtained from the company "Karbasth Distribuciones." The lavender essential oil obtained from 
the manufacturer had the following composition: linalool (31,77%), lilanyl acetate (28,60%), camphor 
(8,30%), and 1.8 cineole (6,57%). 
 
Amylose and Amylopectin Determination 
The concentration of amylose and amylopectin present in cassava starch was determined following the guide-
lines established in ISO 6647-1:2020 16. For this, 100 mg of the sample (cassava starch) was taken, and 1 mL 
of ethanol and 9 mL of 1 M sodium hydroxide solution were added. The mixture was gently stirred and placed 
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in a water bath (GP05, THERMO SCIENTIFIC) for 10 min. The blank solution and various stocks of amylose 
and amylopectin were prepared similarly. Then, 5 mL of each prepared solution was pipetted into flasks con-
taining 50 mL of distilled water, and 1 mL of acetic acid was added. Subsequently, 2 mL of saturated iodine 
solution was added, mixed, and allowed to stand for 10 minutes. The absorbance was measured at 620 nm 
against the blank solution using a Multiskan FC microplate spectrophotometer (Thermo Scientific). The per-
centages of amylose and amylopectin were obtained by plotting the amylose and amylopectin calibration 
curves at various concentrations. 
 
Preparation of the coating 
The biodegradable coating was prepared using the casting method. To prepare the coating, 5% w/v cassava 
starch, 3% w/v glycerol, 5% w/v gelatin, and varying amounts of distilled water were mixed, depending on 
the concentration of essential oil (EO) used. The mixture was heated to 96 °C for 40 minutes while constantly 
stirring to ensure the starch was gelatinized. After cooling to approximately 40 °C, the EO was immediately 
added at concentrations of 1%, 2,5%, 5%, and 10%. The gel was then degassed by applying vacuum for 7 
minutes and poured into polypropylene plates, which were dried in an incubator (IN30, Memmet) at 45 °C for 
48 hours 18. 
 
Thickness 
The thickness was measured using a micrometer (Rexbeti RXD-0), for which five different points were ran-
domly selected from each cover. The values were recorded, and an average was obtained 19. This procedure 
was performed in triplicate on each coating. 
 
Moisture content (MC) 
The moisture content of the biodegradable cover was determined by taking a sample of the cover (20 mm x 
20 mm) and weighing it on an analytical balance (AS 120, RADWAG). The weight (M0) was noted, and the 
sample was then dried in a convection oven (AR-290, ARSA) at 110°C for 24 hours until a constant weight 
was obtained (M1). This process was repeated three times for each coating formulation, and the values were 
recorded to obtain an average. Moisture content was calculated using the following equation (1) 20:  
 

%𝑴𝑴𝑴𝑴 = M0−M1
M0

∗ 100        (1) 
Solubility 
Samples of each coating (20 mm × 20 mm) were dried in a convection oven (AR-290, ARSA) at 105°C for 
24 hours and weighed to obtain the initial weight (M0). The samples were then immersed in 50 mL of distilled 
water in a sealed beaker to prevent evaporation and dust ingress. They were kept at 25°C for 24 hours with 
periodic stirring at 30 rpm. Afterward, the remaining coverslips were placed on Whatman filter paper (grade 
201) to remove the remaining water. Finally, they were dried at 80°C until a constant weight (M1) was ob-
tained. The tests were performed in triplicate, and solubility values were calculated for each sample as follows 
(2) 21:  

𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒 (%) = M0−M1
M0

∗ 100     (2) 
Swelling Capacity (SC) 
Samples were collected from each coating (40 mm × 20 mm), dried at 60°C for 24 hours, weighed (M0), and 
dipped in a 50 mL beaker containing 0,1 M NaCl solution. The beaker was sealed to avoid dust and prevent 
evaporation. After 30 minutes, the samples were removed from the solution, and excess water was removed 
between two filter papers. The samples were then weighed again (M1). This process was repeated three times 
for each coating. The swelling capacity value was calculated as follows (3) 22: 
 

𝐒𝐒𝐒𝐒 (%) = M1−M0
M0

∗ 100    (3) 
Water Vapor Permeability (WVP) 
The coating samples' water vapor permeability (WVP) was determined using gravimetry following the ASTM 
E95-E96 standard method with some modifications. To do this, beakers were filled with 10 g of silica gel (0% 
relative humidity), and each conditioned coating sample was placed on top. The beakers were then placed in 
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a vessel containing a saturated NaCl solution (40 g NaCl in 100 g H2O) (75% relative humidity), and the 
system was kept at 25°C. The weight of the samples was measured every hour for 8 hours. This process was 
carried out three times per coating. The WVP was calculated using the given equation (4) 22,23:  
 

𝐖𝐖𝐖𝐖𝐖𝐖 = 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊∗𝑒𝑒
P0 (RH1−RH2) 

    (4) 
WVTR: water vapor transmission, corresponding to the mass change curve's slope as a time function (g/h). 
𝑒𝑒: average thickness of the coating (mm). 
P0: saturation vapor pressure at 25° C 
RH1 – RH2: difference in relative humidity of silica gel (0%) and NaCl solution (0,75%). 
 
Antibacterial activity 
The antimicrobial activity of the coating formulations was determined using the disk diffusion method. In this 
method, 0,1 mL of the inoculum, which was equivalent to 0,5 on the McFarland scale (1,5 x 108 cells/mL), of 
each strain (Escherichia coli ATCC 11229 and Staphylococcus aureus ATCC 13150) was seeded on Mueller-
Hinton agar plates 24.  
From each prepared coating, 6 mm diameter discs were cut and placed on the agar surface with sterile forceps 
(four discs on each plate). Antibiotic discs of gentamicin (30 μg/disc), chloramphenicol (30 μg/disc), and 
tetracycline (30 μg/disc) were used as positive controls. Filter paper discs containing sterile water were used 
as negative controls. The plates were then incubated at 37 ± 0,5 ºC for 24 h. After incubation, the diameter of 
the area around the disk (halo), expressed in millimeters, including the disk diameter, was measured. Tests 
were performed in triplicate for each coating formulation 23,24. 
The sensitivity of Escherichia coli ATCC 11229 pathogens and Staphylococcus aureus ATCC 13150 against 
the coatings were classified according to the diameter of the inhibition halos. The classification was based on 
Weintein et al., 2020 25, and is as follows: not sensitive (-) for diameters less than 8 mm; sensitive (+) for 
diameters of 9-14 mm; very sensitive (++) for diameters of 15 to 19 mm; extremely sensitive (+++), for diam-
eters more significant than 20 mm. 
 
Statistical Analysis  
The data were processed using STATGRAPHICS statistical software. The results were analyzed using one-
way analysis of variance (ANOVA) and compared using the Tukey multiple comparisons test at a 95% con-
fidence level (α = 0,05). 
 
 
 
RESULTS AND DISCUSSION 

Coating Films 
Yuca starch is a polymer that can produce odorless and colorless biodegradable films, visually comparable to 
traditional plastics 26. Several types of research demonstrate the feasibility of using yuca starch as the main 
biopolymer for manufacturing biodegradable films and coatings 27-31. 
Amylose in yuca starch plays a vital role in the retrograde process since the degree of polymerization depends 
directly on the percentage of amylose 32. The yuca starch used in this study contained 16,54% starch, which is 
comparable to studies such as Aristizábal & Sánchez, (2007) 26 and He et al. (2020) 33, in which an average of 
17% starch was obtained. This feature makes yuca starch an ideal candidate for producing biodegradable films 
due to the ability of starch to create stable hydrogen bonds between the polymer chains.  
Furthermore, Mohamed et al. (2020) 34 present various formulations studied for preparing coating, highlight-
ing those formulated based on polysaccharides/proteins. Gelatin was chosen as a coadjuvant as it improves 
the mechanical characteristics of the coatings and is low-cost and easy-to-acquire reactive 22. According to Al-
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Hassan & Norziah, (2012) 35, a concentration (1:1) should be chosen between gelatin and starch because a 
highly stable polymeric matrix is generated, in which the hydroxyl groups (-OH) of amylose interact with the 
amide groups (-NH) of proteins, forming molecular solid interactions. However, Tongdeesoontorn et al. 
(2012) 21 show that gelatine can increase the water vapor permeability of the coating. 
On the other hand, lavender essential oil is widely used in industry because it has several functional volatile 
components, which gives it a sizeable inhibitory spectrum. Adding lavender essential oil to the formulation 
gives the covered barriers antimicrobial protection; in turn, the oil's hydrophobic character helps reduce the 
polymer matrix's molecular interactions with water 36,37 
Table 1 shows a progression of color change and appearance of the cover as the concentration of the essential 
oil increases. Previous research, such as Medina et al. (2015) 31 and Šuput et al. (2016) 38, show that embedded 
oils affect the visual characteristics of coatings because the essential oils have a characteristic color and smell. 
 

Essential Oil Concentration 
(EO.) 

Coatings 
R1 R2 R3 

0% (Control group) 

 

 

 

1 % 

 

 

 

2,5 % 

 

 

 

5% 

  

 

10% 

 

 

 

 
Table 1. Coatings based on cassava starch and gelatin incorporated with different concentrations of lavender (Lavandula 
Angustifolia Mill) essential oil are presented. R: number of replicates. 
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In addition, the gradual incorporation of the essential oil contributes to irregularities on the surface of the film 
compared to the control; this is illustrated by Supardan et al. (2016) 39, who, making use of AFM (Atomic 
Force Microscopy), demonstrate that the surface is rougher and more irregular in the films with the higher 
concentrations of the essential oil. 
 
Thickness 
The edible coatings developed in this research exhibit an average thickness between 144 ± 13,12 μm to 498 ± 
23,58 μm depending on the concentration of the essential oil. Figure 1 shows that the thickness tends to in-
crease as the concentration of the critical oil increases; this may be because the essential oil is not fully com-
patible with the gelatin matrix, increasing the film thickness. In addition, Taqi et al. (2014) 41 mention that 
essential oils increase the solids present in the solution (partly due to the presence of fatty acids). Therefore, 
when pouring the same volume of filmogenic solution on the plates, the solids coming from the essential oil 
will increase the thickness of the polymeric matrix once the drying process has been completed, especially 
when using the function drying method 38–41. 
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Figure 1: Effect of essential oil concentration on the thickness of edible coatings. Different letters indicate a significant dif-
ference between the thickness of the treatments (P ≤ 0,05), according to Tukey's HSD test. EO represents the essential oil at 
various concentrations. 

 
Moisture content 
Moisture is a crucial factor to consider when considering edible coatings. High moisture levels can affect the 
resistance of such coatings, increasing the water content of the food. Ultimately, this can reduce the shelf life 
of the coated products as it can promote the growth of harmful microbes 42. 
The developed coatings present a moisture range from 16,97 % to 22,72 %, depending on the essential oil 
content. The moisture content of the control coating was 19.63%, which is lower than the values reported by 
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Caetano et al. (2017) 40 (28,1%) and Medina et al. (2015) 31 (37,9 %). The reduction in the moisture value 
compared to the previously mentioned studies could be because gelatin interacts with the polymeric chains of 
starch, reducing the free hydroxyl groups and thus preventing the polymeric matrix from interacting with water 
molecules. 
Unlike the other analyzed parameters, figure 2 shows that moisture does not follow a linear trend. The analysis 
of variance shows that the control cover does not present significant differences (p<0,05) with the treatment 
of 1% EO and 5% EO. This implies that the humidity reaches its lowest value at 2,5% of essential oil and its 
highest value at a concentration of 10% EO.  
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Figure 2. Effect of essential oil concentration on the moisture content of edible coatings. Different letters indicate a signifi-
cant difference between the thickness of the treatments (P ≤ 0,05), according to Tukey's HSD test. EO represents the essen-
tial oil at various concentrations. 

 
Several investigations suggest that the incorporation of substances such as extracts 18,44, essences 44, and 
essential oils 38,42 of plants gradually reduce the percentage of moisture of biodegradable coatings since these 
substances increase the hydrophobic portion of the matrix, thus reducing the affinity of the polymeric chains 
for water molecules. It was observed that the humidity of the elaborated coatings decreases with the incorpo-
ration of lavender essential oil. However, this tendency is only observed up to the concentration of 2,5% EO. 
Contrary to what was expected, the concentrations of 5% EO and 10% EO increased humidity relative to the 
control. This behavior can be evidenced in the study of Desire et al. (2017) 42 in which the addition of 10% 
essential oil significantly (p <0.01) increases the moisture, causing it to change from 16,57% to 24,34%. Sim-
ilarly, Bharti et al. (2021) 46 research shows that a high concentration of essential oil (3%) can increase its 
moisture. The wetting behavior may be because high concentrations of critical oil cause the film to increase 
in thickness, making it more susceptible to water molecules being trapped within the polymer matrix 46. 
 
Solubility 
The solubility of edible coatings is an important parameter to consider since, for their application in the pack-
aging industry, they must present low solubility and high water resistance 48. It was observed that coatings 
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without EO present high solubility (62,482%), concerning other research 19,52. This effect could be due to 
the incorporation of gelatin in the formulation since this is hydrophilic, as are the different components of the 
filmogenic solution 49,21. However, upon incorporation of EO, a decrease in solubility is denoted as its con-
centration increases; that is how the solubility is reduced from 62,482% (control coating) to 26,871% at the 
10% concentration of essential oil. This trend is also observed in other studies, thus suggesting that incorpo-
rating an element of hydrophobic nature into the formulation reduces the formation of molecular interactions 
between the polymer matrix and water 45,51. In addition, the oil's non-polar components interact favorably 
with gelatin's hydrophobic domain, leading to an increase in the hydrophobicity of the resulting film 10. 

CTR 1% E.O 2,5% E.O 5% E.O 10% E.O
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Figure 3. Effect of the concentration of the essential on the percentage solubility of edible coatings. Different letters indicate 
a significant difference between the thickness of the treatments (P ≤ 0,05), according to Tukey's HSD test. EO represents the 
essential oil at various concentrations. 

 
Swelling Capacity 
The swelling capacity allows determining the water resistance of the coating, which is essential for its appli-
cation in the packaging of foods with high water content 50. The swelling capacity values should remain low, 
indicating that the coating will not affect its appearance and protective function 42. The starch-based coatings 
developed Šuput et al., (2016) 38 had a value of 231%, which is lower than the 381,04% value presented by 
the control coatings developed in this research. However, Esteghlal et al., (2016) 22 developed gelatin-based 
coatings with a comparable swelling capacity of 314,16%. 
On the other hand, in Figure 4, it can be observed that the swelling capacity tends to decrease with an increase 
in the concentration of essential oil. These results are consistent with the findings of Šuput et al., (2016) 38, 
who reported that the swelling capacity decreased from 231% (control) to 118% when a 2% concentration of 
oregano essential oil was added. According to a study by Davoodi et al., (2017) 51, the adding of thymol to 
gelatin-based coatings reduces the swelling capacity by 42% (from 390% to 348%) when 8% thymol is used. 
As explained by Di Pierro et al., (2006) 52 the degree of swelling in a polymer matrix is heavily influenced by 
the amount and type of intermolecular interaction occurring between the polymer chains. 
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This result was expected considering the decrease in solubility with increasing concentration of the essential 
oil mentioned above. Furthermore, according to Davoodi et al. (2017) 51, the addition of hydrophilic com-
pounds is expected to increase the swelling capacity, and the addition of hydrophobic compounds such as 
essential oils generates that the swelling capacity of biodegradable films decreases.  
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Figure 4. Effect of the essential oil concentration on the swelling capacity of edible coatings. Different letters indicate a 
significant difference between the thickness of the treatments (P ≤ 0,05), according to Tukey's HSD test. EO represents the 
essential oil at various concentrations. 

 
Water Vapor Transmission Rate (WVTR) and Water Vapor Permeability (WVP) 
Water vapor permeability (WVP) reflects the ability of coatings to control water vapor transmission between 
food and the environment. Generally, starch-based coatings present high WVP values due to their hydrophilic 
nature and high porosity 54. 
The water vapor transmission rate (WVTR) recorded in the elaborated control group coatings was 15,313 
g/m2h. This value is higher than the 8,58 g/m2h observed in the study conducted by Šuput et al., (2016) 38 
where starch-based films were used. The increase in WVTR may be attributed to the presence of gelatin in the 
formulation, which enhances the hydrophilicity of the coatings. 
As mentioned, incorporating essential oil in the films reduces the water vapor transmission rate (WVTR). This 
is because the oils reduce the interactions of the hydrophilic portions of the matrix, which results in fewer 
water molecules being captured by the films 17. Additionally, as the thickness of a material increases, the 
WVTR decreases due to an increase in the material's resistance to water vapor flow. The results of this research 
are consistent with those presented by Bharti et al., (2021) 46 and Šuput et al., (2016) 38 where an increase in 
essential oil content reduced the WVTR. Nevertheless, the decrease was significant concerning the control 
due to the incorporation of 3% essential oil.  
The research conducted by Yanwong & Threepopnatkul, (2015) 54, found that the incorporation of 10% pep-
permint oil in biodegradable covers reduced the water vapor transmission rate (WVTR) from 2,71 g/m2.h to 
2,49 g/m2.h. This indicates that the addition of high amounts of essential oil can decrease the WVTR, but not 
abruptly. Table 2 presents the values of water vapor permeability (WVP) of the biodegradable covers, where 
the coating with 10% EO resulted in the lowest WVP value of 14,641 x 10-6 g.mm.h-1.Pa-1.m-2.  
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Essential oil 
concentration 

WVTR 
(g/m2h) 

WVP Promedio 
(g.mm.h-1.Pa-1.m-2) x 10-6 

0% (Control) 15,313 ± 1,287 a 20,344 ± 0,641 c 
1 % E.O 14,69 ± 0,528 ab 19,809 ± 0,365 bc 

2,5 % E.O 13,189 ± 0,547 b 18,040 ± 0,471 b 
5% E.O 11,023 ± 0,947 c 16,726 ± 1,175 a 
10% E.O 9,362 ± 0,754 d 14,641 ± 2,364 a 

Table 2. Water Vapor Transmission (WVTR) and Water Vapor Permeability (WVP) of edible coatings based on cassava 
starch and gelatin incorporated with lavender essential oil. Different letters in the same column indicate a significant differ-
ence (P ≤ 0.05) 

 
Antimicrobial activity  
Antimicrobial activity is a highly relevant parameter for food preservation during the transport chain. Essential 
oils, by nature, have antimicrobial activity against various pathogenic strains 37. Lavender oil primarily com-
prises terpenic alcohols, with linalool and linalyl acetate being the most prominent 55. In this particular re-
search, the lavender oil used had linalool (31,77%), linalyl acetate (28,60%), camphor (8,30%), and 1,8 cineole 
(6,57%). However, these terpenic compounds are lower in concentration than Kwiatkowski et al. (2020) 56 
research, which reported values of 34,1% for linalool and 33,3% for linalyl acetate. 
Table 3 displays the inhibition halos of the coatings developed against Escherichia coli (ATCC 11229) 
and Staphylococcus aureus (ATCC 13150) strains. The control and the 1% EO formulation exhibit no antimi-
crobial activity, as several studies suggest that essential oils do not have antimicrobial properties at low con-
centrations 24. 
 

Essential oil concentration Inhibition Halo for 
E. coli (mm) 

Inhibition Halo for 
S. aureus (mm) 

0% (Control)  
6 ± 0 c (-) 

6e (-) 

1 % 6,33 ± 0,57 c (-) 6,67 ± 0,57 de (-) 

2,5 % 8,67 ± 1,53 bc (+) 9,67 ± 1,16 cd (+) 
5% 10,33 ± 1,53 b (+) 10,67 ± 1,16 c (+) 
10% 11,33 ± 1,53 b (+) 15,50 ± 1,53 b (++) 

Positive control 21,33 ± 0,57 a (+++) 23,67 ± 1,53 a (+++) 
 
Table 3. Inhibition halos are exhibited by edible coatings enriched with Lavender essential oil. Additionally, different inves-
tigations with different essential oils are represented. Other letters in the same column indicate a significant difference in 
the inhibition halos exhibited by the treatments (p ≤ 0,05). Symbols represent not sensitive (-)for diameters less than 8 mm; 
sensitive (+)for diameters 9-14 mm; very sensitive (++)for diameters 15-19 mm; extremely sensitive (+++)for diameters more 
significant than 20 mm. EO corresponds to essential oil. Positive control corresponds to Gentamicin 30 µg/disc. 

 
At concentrations higher than 2.5%, essential oil (EO) can effectively inhibit microbial growth. The concen-
tration of the oil directly influences the degree of inhibition. In the publication of Jamróz et al., (2018) 10, it 
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was observed that at a concentration of 6% lavender essential oil, halos of 15.1 mm and 24.5 mm were obtained 
for E. coli and S. aureus, respectively. The investigation showed that the highest inhibition value was observed 
at a 10% concentration of EO, with values of 11.33 mm for E. coli and 15.50 mm for S. aureus. These values 
are comparatively lower than those reported in the study by Jamróz et al. (2018) 10. This may be due to varia-
tions in the origin of the essential oil, its composition, and purity. 
In Figure 5, a comparison is shown between the inhibitory effect of the films on E. coli and S. aureus.  
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Figure 5. Effect of Lavender essential oil concentration on the inhibition halos presented by edible coatings. Different letters 
indicate a significant difference between the thickness of the treatments (P ≤ 0.05), according to Tukey's HSD test. EO rep-
resents essential oil. 

 
It is observed that S. aureus strain is more sensitive to formulations with higher concentrations of lavender oil. 
This trend has been observed in several investigations where the inhibition halos of E. coli are lower than 
those of S. aureus 23,24,46,57,58. The ability of lipoteichoic acids in the cell membrane of gram-positive bacteria 
(S. aureus) to penetrate hydrophobic components of essential oils might explain this. In contrast, the double 
membrane of gram-negative bacteria (E. coli) restricts the diffusion rate of hydrophobic compounds through 
the lipopolysaccharide layer. 10. 
Furthermore, several studies have demonstrated that S. aureus is more sensitive than E. coli to different plant 
extracts, including Zingiber zerumbet, Eucalyptus globulus, and Andrographis paniculata, which have been 
shown to reduce the biofilm formation and enhance antibiotic sensitivity 60,61 effectively. 
 
Although promising results with potential industrial applications were obtained, it is essential to acknowledge 
the study's limitations, including the need for more comprehensive microbiological analyses, particularly con-
cerning storage conditions and potential interactions with packaged food. Therefore, this study lays a solid 
foundation for future research to address these aspects and further refine the parameters evaluated. 
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CONCLUSIONS 

The results suggest that edible coatings are a promising and viable alternative to conventional wrappings, 
primarily because they are mainly composed of compounds of natural origin, such as polysaccharides and 
proteins. In addition, bioactive ingredients with antioxidant and antimicrobial properties can be added. In par-
ticular, the developed coatings demonstrated an ability to inhibit the growth of common pathogenic bacterial 
species, suggesting that they can be an effective alternative to protect foods from bacterial contamination and 
prolong their shelf life. 

Thus, this research seeks to establish the basis for developing applied research in food protection. Although it 
is not a pioneer in this field, its objective is to offer a broad panorama that allows taking advantage of renew-
able primary sources and active ingredients, such as essential oils or medicinal plant extracts. 
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