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Abstract 

Packaging of foods by using edible antimicrobial films (EAF) incorporated with essential 

oils is able to reduce the spoilage of food due to surface contamination. Essential oils are 

highly volatile and have strong aromas that can affect their function and consumer 

acceptance. This paper discussed the effect of cinnamon essential oil (CEO) 

concentrations on the antimicrobial activity and sensory acceptability of EAF produced 

from seaweed through a casting method. The CEO was added into the formulations at 10, 

20, 30, 40 and 50 g/kg levels. The EAF showed antimicrobial activity against the tested 

microorganisms with the highest antimicrobial activity at the concentration of 40 g/kg 

CEO. However, based on the results obtained from a sensory evaluation using a 7-points 

hedonic scale, the overall acceptability was 3.23 which was lower than the minimum 

acceptability score of 4. Hence, the highest acceptable level of CEO in the EAF was 30 g/

kg. It is recommended that the CEO of 30 g/kg could be incorporated into edible film and 

act as an alternative method to extend the shelf life of packaged foods. 

1. Introduction 

Advances in active packaging technologies offer 

new alternatives for the food industry and consumers to 

obtain better products and reduce the risk of foodborne 

illness of packaged food. Active packaging will perform 

food preservation functions other than the primary roles 

of providing a barrier to the external environment and 

protects the foods against deterioration by the actions of 

microorganisms, moisture and gases (Cooksey, 2010). 

The packaging will possess antimicrobial activity when 

antimicrobial agents are added into package materials 

(Suppakul et al., 2003). Slow migration of the 

antimicrobial agents from the packaging material to the 

surface of the product localizes the functional effect 

eventually prevent both contaminations of pathogens and 

growth of spoilage microorganisms on the food surface 

(Yildirim et al., 2018). 

Plant extracts such as essential oils are rich in 

volatile compounds including terpenoids and phenolic 

which are highly potential to inhibit a wide spectrum of 

microorganisms. These active compounds of essential 

oils will be disturbing the function of the cytoplasmic 

membrane of microorganisms, disrupting the proton 

motive force and inhibit the synthesis of protein, thus 

inhibiting the growth of microorganisms. Some of the 

most commonly used essential oils in the development of 

active packaging materials are cinnamon, clove, thyme, 

turmeric and garlic oils (Cagri et al., 2004). The 

antimicrobial action of different essential oils on 

different microorganisms was studied and it was 

recorded that CEO was having a high antimicrobial 

characteristic (Aitboulahsen et al., 2018; Bleoanca et al., 

2020; Venkatachalam and Lekjing, 2020). Wen et al. 

(2016) reported that pork packed with nanofilm 

incorporated with CEO decayed after 8 days compared to 

3 days for control samples. Meanwhile, Fattahi et al. 

(2020) found that carboxymethyl cellulose edible films 

added with CEO effectively against the growth of 

Aspergillus niger and Mucor racemosus. Aisha and 

Abdullahi (2017) claimed that bread and salami wrapped 

with whey protein edible membrane incorporated with 

CEO maintained fresh after 6 days compared to 3 days 

for the control samples. 

Seaweed is a sustainable natural resource with 

industrial potential that is not fully utilized in Malaysia. 
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Under the Economic Transformation Program (ETP), the 

Federal Government has approved a substantial amount 

of fund to uplift the industry to be one of the economic 

resources for the country and creating more employment 

opportunities. Hence, a research and development 

program was needed to support the industry. The 

development of edible seaweed-based film is a 

promising method for diversifying the usage and adding 

value to the seaweed. Although essential oils have many 

benefits and have been used in food formulations, their 

use in edible films is still a challenge because their 

volatility, strong aroma and pungent taste can affect their 

function, sensory value and consumer acceptance. In an 

effort to develop new edible and environmentally 

friendly films for use as active packaging, this study is 

aimed to evaluate the effect of essential oil 

concentrations on the antimicrobial activity and sensory 

acceptability of edible antimicrobial films produced from 

seaweed and cinnamon essential oil.  

 

2. Materials and methods 

2.1 Materials 

Cinnamon (Cinnamomum zeylanicum) essential oil 

was obtained from MARDI Kuala Linggi, Malaysia. 

Dried seaweed (Kappaphycus alvarezii) was obtained 

from Semporna, Sabah Malaysia. Bacillus cereus (ATCC 

11778), Staphylococcus aureus (ATCC 25923), 

Escherichia coli (ATCC 11775), Salmonella enterica 

serovar Typhimurium (ATCC 14028), Aspergillus flavus 

(ATCC 26946) and Saccharomyces cerevisiae (ATCC 

9763) were obtained from Food Science and Technology 

Research Center MARDI. Medias used were Mueller-

Hinton agar MHA (Oxoid CM0337), Tryptone Soya 

Agar TSA (Oxoid CM0131), Tryptone Soya Broth TSB 

(Oxoid CM0129), Dekstrosa Sabouraud Agar SDA 

(Oxoid CM41), Sabouraud Broth SB (Oxoid CM147) 

and Ringer tablet (Oxoid BR52).  

2.2 Films preparation 

Edible antimicrobial films (EAF) were prepared 

following the process in the patented invention titled 

“Biodegradable Food Film from Seaweed and Process 

for Producing the Same (MY-173083-A)” and as 

described in an article by Siah et al. (2018). CEO was 

added into the formulas at 10, 20, 30, 40 and 50 g/kg 

levels. A film without a CEO served as control. Films 

were conditioned at 53% relative humidity (RH) and 

27±2°C in desiccators over a saturated solution of Mg

(NO3)2.6H2O for at least 72 hrs according to the 

Standard Method D618-61 (American Society for 

Testing and Materials (ASTM), 1993). Films discs of 6 

mm diameter were prepared using a puncher. Discs were 

sterilized with UV light for 5 mins before being tested 

for their antimicrobial properties. 

2.3 Cultures preparation 

Pure bacterial colonies were cultured in TSA at 37°C 

for 24 hrs. For the preparation of bacterial inoculum, 1 

colony was taken using a sterile wire loop and 

transferred into 10 mL of TSB broth and incubated at 

37°C for 24 hrs. The broth was then diluted accordingly 

to 106 colony-forming units per mL (CFU/mL) by using 

a quarter strength of Ringer solution. Pure mould and 

yeast cultures were grown on the SDA and incubated at 

35°C for 48-72 hrs until the formation of colonies. A 

single colony was taken using a sterile wire loop and 

transferred to 10 mL of SB broth and incubated at 35°C 

for 48 hrs. The broth was then diluted accordingly to 106 

colony-forming units per mL (CFU/mL) by using the 

quarter strength of Ringer solution. 

2.4 Determination of antimicrobial activity of EAF 

Testing of the antimicrobial activity of the EAF was 

carried out using the agar diffusion method according to 

the National Committee for Clinical Laboratory 

Standards (NCCLS) (1997) with minor modification by 

Nascimento et al. (2000). Mueller-Hinton Agar (MHA) 

and Dextrose Sabouraud Agar (SDA) were used as a 

growth medium. For the preparation of media, 38 g of 

MHA powder or 65 g of SDA powder were added to 

1000 mL of distilled water. The mixture was cooked to a 

boil and sterilized in an autoclave. Sixteen mL of both 

media were then poured into Petri dishes (as a basal 

layer) aseptically in the laminar flow chamber and left to 

turn hard. For the preparation of soft agar (as seeding 

media) of MHA and SDA, 4 mL of both media were 

poured into a universal bottle separately and sterilized in 

an autoclave. After sterilization, soft agars were stored in 

an oven of 50oC to prevent them from hardening. A total 

of 0.1 mL of microorganism culture (106 CFU/mL) was 

inoculated into soft agars of MHA and SDA respectively 

for bacteria and yeast and mould. Well mixed soft agar 

and respective microorganism culture were poured onto 

Petri dishes which each contain hardened MHA and 

SDA. Petri dishes were left for 5 mins in order for the 

soft agar to turn hard. Each petri dish was divided into 4 

segments. Subsequently, 4 sterile EAF discs (6 mm 

diameter) were transmitted carefully on the surface of an 

inoculated media by using sterile forceps. Each disc was 

in the middle of each segment. The film discs without 

the CEO act as a control. The Petri dishes were 

incubated at 37°C for 24 hrs for bacteria, and at 35°C for 

48 hrs for yeast and mould. Zones of growth inhibition 

were measured. Only inhibition zones with a diameter 

greater than 7 mm were considered as positive results. 

These experiments were carried out in triplicates. 
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2.5 Sensory evaluation 

The sensory evaluation method was according to 

Aminah (2004). Seaweed films incorporated with 0–50 

g/kg CEO were served to the sensory panels to assess the 

acceptance of the product. A piece of 5×5 cm film from 

each treatment was served to 30 semi-trained sensory 

panels. Panels were asked to evaluate all samples based 

on four sensory attributes (colour, odour, taste and 

overall acceptability). The scores were calculated using a 

7-points hedonic scale, having a range of 1 (dislike 

extremely), 4 (neither like nor dislike) to 7 (like 

extremely). Sample attributes that received a score of 

more than 4 were considered acceptable or favoured by 

panels. 

2.6 Statistical analysis 

Data are presented as mean±standard deviation (SD) 

for at least three separate determinations for each 

treatment. Experimental data were analyzed by one-way 

Analysis of Variance (ANOVA) and the significant 

differences among means were determined by Duncan 

Multiple Range Test (DMRT) at p<0.05 using the 

Statistical Analysis System (SAS, 2011) computing 

program. 

 

3. Results and discussion 

3.1 Antimicrobial activity of EAF 

Results for the antimicrobial effect of films 

incorporated with different concentrations of CEO to B. 

cereus, S. aureus, E. coli, S. enterica ser. Typhimurium, 

A. flavus and S. cerevisiae were showed in Table 1. The 

antimicrobial activities of these EAF were compared 

with films without CEO. Results indicated that all the 

EAF had an antimicrobial activity with a minimal 

inhibition zone was 8.0 mm and the maximum was 14.33 

mm. The control sample without CEO showed no 

antimicrobial activity indicated that the seaweed and 

other ingredients used in the formulations of the films do 

not pose antimicrobial property against the tested 

microorganisms. When 10 g/kg of CEO was 

incorporated into the formulation, the film showed 

antimicrobial activity with the formation of zones of 

inhibition around the film discs. In general, with the 

increasing concentrations of CEO in the films, the larger 

the diameter of the zones of inhibition. A similar trend 

also observed in an experiment by Frank et al. (2018) in 

their alginate biocomposite films incorporated with CEO 

where bigger inhibition zones were formed when CEO 

concentrations increased. Nonsee et al. (2011) found 

similar results with the films made of hydroxypropyl 

methylcellulose added with clove essential oils. Their 

results showed that when the concentration of essential 

oils increased by three folds, the zone of inhibition for S. 

aureus, E. coli O157:H7 and L. monocytogenes increased 

from 28.75 to 39.00, 18.50 to 26.75 and 17.67 to 31.00 

mm respectively (diameter of film discs was 17 mm). 

Ponce et al. (2003) reported that the phenolic compounds 

which are present in the essential oils pose antimicrobial 

activity. Phenolic compounds at low concentration will 

impede the enzymes involved in the production of 

energy; while at the higher concentration will cause 

protein denaturation.  

The EAF with CEO concentrations of 30, 40 and 50 

g/kg showed no significant difference (p>0.05) in the 

zone of inhibition for B. cereus, S. aureus and E. coli. 

When the concentration of CEO in the film reduced to 20 

g/kg, there was a significant decrease (p<0.05) in the 

antimicrobial activity, i.e. inhibition zone became 

smaller for all three types of these microorganisms. 

Meanwhile, for S. enterica ser. Typhimurium, S. 

cerevisiae and A. flavus, EAF with 40 and 50 g/kg CEO 

showed no significant differences (p>0.05) in the zone of 

inhibition. A Similar trend also observed in these three 

types of microorganisms. The inhibition zone became 

smaller when the CEO concentrations in the film were 

reduced. As a conclusion, the maximum inhibition zones 

for B. cereus, S. aureus and E. coli were achieved at 30 

g/kg CEO, while for S. enterica ser. Typhimurium, S. 

cerevisiae and A. flavus were at a concentration of 40 g/

Type of Microorganisms 
Cinnamomum zeylanicum Concentration (g/kg) 

0 10 20 30 40 50 

B. cereus 0.0±0.0d (-) 8.33±0.58c (+) 10.00±1.08b (+) 12.00±1.00a (+) 12.00±1.00a (+) 12.33±0.58a (+) 

S. aureus 0.0±0.0c (-) 9.00±1.00b (+) 10.00±1.00b (+) 12.00±1.00a (+) 12.33 ±0.58a (+) 13.00±1.00a (+) 

E. coli 0.0±0.0c (-) 8.00±1.00b (+) 9.00±1.00b (+) 11.00±1.00a (+) 11.33±0.58a (+) 12.00 ±1.00a (+) 

S. enterica ser. Typhimurium 0.0±0.0d (-) 8.00±1.00c (+) 8.67±0.58bc (+) 9.67±0.58b (+) 11.00±1.00a (+) 11.33±0.58a (+) 

A. flavus 0.0±0.0d (-) 11.00±1.00c (+) 11.33±0.58c (+) 12.67±0.58b (+) 13.67±0.58ab (+) 14.33±0.58a (+) 

S. cerevisiae 0.0±0.0e (-) 8.00±1.00d (+) 10.00±1.00c (+) 12.00±1.00b (+) 12.67±0.58ab (+) 13.67±0.58a (+) 

Table 1. Effect of Cinnamomum zeylanicum concentrations on the formation of inhibition zone 

Values are expressed as mean±SD of measured diameters of inhibition zone (mm), n = 4. Values with different superscripts in 

the same row are significantly different at the 5% level (p<0.05).  

(+) with formation of inhibition zone on the contact surface 

(-) without formation of inhibition zone on the contact surface 
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kg CEO. Thus, the addition of 40 g/kg CEO is sufficient 

to produce a film with the best antimicrobial effect in 

this study. Results from other researchers showed that 

CEO at a concentration of 4 and 5% was effective to 

inhibit the growth of the studied microorganisms. Aisha 

and Abdullahi (2017) found their whey protein edible 

membrane with 4% of CEO exhibited the highest 

inhibition against S. aureus. Sharma et al. (2017) 

reported that 5% CEO in edible biofilm showed most 

effective against the growth of E.coli, S. aureus and L. 

monocytogenes. 

The EAF with CEO was found to be more effective 

in inhibiting the growth of Gram-positive bacteria (B. 

cereus and S. aureus) compared with Gram-negative 

bacteria (S. enterica ser. Typhimurium and E. coli). The 

structure of the Gram-positive bacteria cell wall allows 

hydrophobic molecules to easily penetrate the cells and 

act on both the cell wall and within the cytoplasm. 

Where else, the cell wall of Gram-negative bacteria is 

more complex. It has a peptidoglycan layer that is 2-3 

nm thick, which is thinner than in the cell wall of Gram-

positive bacteria, and composes approximately 20% of 

the dry weight of the cell. An outer membrane lies 

outside of the thin peptidoglycan layer. The presence of 

an outer membrane is one of the features that 

differentiate Gram-negative from Gram-positive 

bacteria. It is composed of a double layer of 

phospholipids that are linked to the inner membrane by 

lipopolysaccharides and acts as an additional barrier that 

prevents the lipophilic molecules from penetrating the 

cell (Nikaido, 2003). Chan et al. (2008) explained that 

antimicrobial compounds in the essential oil are difficult 

to penetrate the outer membrane of the bacterial cell and 

thus more resistant. Meanwhile, Gram-positive bacteria 

only have a layer of peptidoglycan in the cell wall as a 

barrier layer and easier to penetrate by antimicrobial 

compounds (Thomas and John, 2006). Similarly, Perry et 

al. (2009) and Ramos et al. (2012) also found that Gram-

negative bacteria have an additional lipopolysaccharides 

layer that affected the rate of diffusion of antimicrobial 

compounds in garlic essential oils and causes active 

films produced to require higher concentrations to inhibit 

the growth of Gram-negative than Gram-positive 

bacteria. The same observations also obtained by Fisher 

and Phillips (2006), Ojagh et al. (2010) as well as Peng 

and Li (2014). However, Frank et al. (2018) obtained 

opposite results with our finding. They found that their 

alginate biocomposite films with CEO were more 

effective against Gram-negative S. enterica ser. 

Typhimurium. 

The existence of inhibition zones observed in this 

study was associated with the main mode of action of 

phenolic compounds, cinnamaldehyde and eugenol in 

which they act as a proton exchange causing instability 

of cytoplasm membrane in the microorganisms and 

increases its permeability. This condition disrupts the 

flow of electron and proton motive force and causing 

adenosine triphosphate discharged and eventually led to 

the death of microorganisms (Dadalioglu and 

Evrendilek, 2004; Wenqiang et al., 2007; Gómez-Estaca 

et al., 2010). This finding is consistent with the results of 

Chao et al. (2000) who reported that the essential oil of 

cinnamon completely inhibits the growth of some Gram-

negative and positive bacteria, fungi and yeast. Prabha 

and Ramachandramurty (2013) explained that 

cinnamaldehyde is an electro-negative compound that 

disrupts the biological processes that involve the transfer 

of electrons and reacts with nitrogenous components 

such as proteins and nucleic acids. This condition causes 

granulation of the cytoplasm and subsequently, 

fragmentation of the membrane occurs and inhibits the 

activity and formation of an important enzyme in the 

microorganisms. Results from this study indicated the 

potential use of the CEO as a natural preservative in food 

packaging technology. 

3.2 Sensory acceptability of EAF 

Sensory evaluations were conducted on the EAF to 

determine consumer acceptance of the product. A total of 

30 semi-trained panels have evaluated the films and the 

results are shown in Table 2. The colour of the films 

plays an important role in influencing consumers' 

assessment of their acceptance. The formulation without 

the addition of a CEO produced a clear and transparent 

film that received a good acceptance from the panels 

with a score obtained was 6.37. When 10 g/kg CEO was 

added into the formulation, colour acceptance did not 

show any significant differences (p>0.05) compared with 

the film without CEO. The results are consistent with the 

results for the total colour difference (ΔE*ab) (Siah et 

al., 2018), where these films do not have a significant 

colour difference whether measured quantitatively by a 

colourimeter or qualitatively by the sensory panels. The 

acceptability of the colour attribute decreased 

significantly (p<0.05) when the concentration of CEO in 

the film exceeding 10 g/kg. The colour score for the film 

with 10 g/kg CEO was 6.30 and decreased gradually 

with the increases of CEO concentration and ultimately 

received a score of 3.67 when 50 g/kg of CEO 

incorporated into the formulation. The score for the film 

at 50 g/kg CEO was lower than 4, which is the minimum 

level of acceptance, thus it can be concluded that film 

with the CEO concentration at the level of 50 g/kg was 

rejected by the panels in terms of colour. CEO is 

naturally yellowish, when it is mixed into the film 

formulations, the resulting films also become yellowish. 

When the concentration of CEO increases, the colour 
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intensity of the yellow also increases. Referring to the 

results obtained for the measurement of whiteness (L*) 

and yellowness (b*) (Siah et al., 2018) by colourimeter, 

L* values decreased while b* increased when the CEO 

concentrations increased. Results indicated that the films 

became less whitish and more yellowish as more CEO 

incorporated into the film formulations. When there is a 

decrease in L* and increases in b*, acceptance of the 

colour attribute in sensory tests also decreased, it is 

evident that consumers are more tending in a whitish 

film compared with a yellowish film. 

The main volatile organic compound, 

cinnamaldehyde contributed to the unique and strong 

odour to the CEO. Consequently, when higher 

concentrations of CEO were mixed into the film 

formulations, the resulting films were also stronger in 

smell. As shown in Table 2, the score for the odour of 

film without CEO was 6.20 but showed a significant 

decrease (p<0.05) to 5.67 when the concentrations of 

CEO in the film reaches 30 g/kg. The score continued to 

decrease significantly (p<0.05) in the films with the 

concentration of 40 and 50 g/kg, respectively 4.84 and 

4.17. When the concentration of CEO increases, the 

smell of cinnamon in the film becomes stronger and this 

led to the acceptance of the sensory panels to be 

dwindling. However, up to the concentration of 50 g/kg, 

the film still got a score of 4.17, exceeded the minimum 

acceptance threshold of a score of 4. The results show 

that the films have stronger odour intensity when CEO 

concentrations increases and sensory panels prefer films 

that have lower odour intensity compared with the higher 

ones. This will limit the application of the EAF on the 

film when the CEO of higher concentrations is used. 

The use of CEO in the products must be well 

controlled as it tastes spicy and the tongue becomes 

numb if high concentrations are used. The score for taste 

attribute of films without the addition of CEO was 6.03 

as shown in Table 2. The obtained value was a bit lower 

compared with scores for the colour, odour and overall 

acceptability of 6.37, 6.20 and 6.23 respectively. For the 

majority of sensory panels, the edible film is a 

remarkable product and has had never been encountered 

before. In addition, the films generally are tasteless and 

this explains the causes of scores for the taste is 

comparatively lower. No significant differences (p> 

0.05) for the score of films with 0 and 10 g/kg CEO. 

However, when the concentration of CEO was increased 

to 20 g/kg, the taste score of the films decreased 

significantly (p<0.05) to 5.13. The higher the 

concentration of CEO in the formulation of the films, the 

scores were significantly reduced until the concentration 

of 40 and 50 g/kg, the sensory panels rejected the 

product in which scores obtained (3.00 and 2.37 

respectively) were below the limit of acceptance. All the 

members of the panel commented that the films with 

concentrations of 40 or 50 g/kg were too spicy and 

unacceptable. The results showed that the films had a 

more pungent intensity when more CEO incorporated. 

This situation will also limit the applications of the EAF 

on the film when a higher concentration of CEO is used. 

The overall acceptability scores of edible films were 

shown in Table 2. Acceptability of the films with 0 and 

10 g/kg CEO had no significant difference (p> 0.05) but 

decreased significantly (p<0.05) when the concentration 

of CEO increased to 20, 30, 40 and 50 g/kg. The level of 

acceptance by sensory panels was up to 30 g/kg of CEO 

and films with CEO concentrations beyond 30 g/kg were 

rejected. The scores for films with CEO at 40 and 50 g/

kg were 3.23 and 2.53 respectively, which are below the 

minimum acceptable level of 4.00. In general, the 

acceptance of the panel members was most influenced by 

the taste of the films. 

 

4. Conclusion 

Edible films of seaweed incorporated with cinnamon 

essential oils showed antimicrobial activity against the 

tested microorganisms using the disc diffusion method. 

The highest antimicrobial activity was at the 

concentration of 40 g/kg. However, based on the results 

obtained from sensory evaluation, the highest acceptable 

level of CEO in the EAF was 30 g /kg. Thus, it is 

recommended that the CEO of 30 g/kg could be 

incorporated into edible film and act as an alternative 

method to extend the shelf life of packaged foods. Edible 

films containing plant essential oil provide a new way to 

enhance microbial safety and shelf life of foods by direct 

contact with the antimicrobials in the films with the food. 

The edible seaweed films containing essential oil, 

Attributes 
Concentration of CEO (g/kg) 

0 10 20 30 40 50 

Colour 6.37±0.62a 6.30±0.65a 5.97±0.67b 5.57±0.77c 4.53±0.73d 3.67±0.61e 

Odour 6.2±0.710a 6.26±0.64a 6.15±0.78a 5.67±0.74b 4.84±0.73c 4.17±0.59d 

Taste 6.03±0.62a 5.94±0.71a 5.13±0.86b 4.50±0.78c 3.00±0.53d 2.37±0.49e 

Overall acceptability 6.23±0.63a 6.12±0.66a 5.50±0.82b 4.97±0.72c 3.23±0.63d 2.53±0.51e 

Table 2. Effect of Cinnamomum zeylanicum concentrations on sensory score of EAF 

Values are expressed as mean±SD, n = 30. Values with different superscripts in the same row are significantly different at the 

5% level (p<0.05).  
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therefore, have the potential to provide multiple benefits 

to the consumers. 
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