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ultidrug resistance among bacteria is now one of the most pressing issues in global 
public health. So, novel and more effective antibacterial materials are needed to ad-

dress this challenge. The current study aims to use natural antibacterial agents and new 
strategies to prevent the growth of multidrug-resistant Salmonella Typhimuṛium and Staphy-
lococcus aureus. Ten essential oils (EOs) and their mixture, chemical preservatives, chi-
tosan, nano-chitosan, chitosan solution/film loaded with Eos were tested as antibacterial 
agents against pathogenic bacterial strains. S. Typhimurium ATCC 25566 and Staph. aureus 
ATCC 6538 were the most resistant to several antibiotics. Each essential oil of turmeric, 
cumin, pepper black, and marjoram, had no effect on S. Typhimurium while Staph. aureus 
was sensitive to them. However, clove, thyme, cinnamon, and garlic EO showed the maxi-
mum effect on S. Typhimurium and Staph. aureus. Their minimal inhibition concentration 
(MIC) was (350, 400, 350, and 500 μl 100-1) against S. Typhimurium and (250, 350, 250, 
and 400 μl 100-1 ml) against Staph. aureus, respectively. The mixture of clove and thyme 
recorded higher antibacterial activity values against S. Typhimurium and Staph. aureus 
compared to the mixture of other oils. Chitosan and nano-chitosan demonstrated potent an-
tibacterial activity against S. Typhimurium and Staph aureus. Staph. auṛeus was more sensi-
tive to nano chitosan. The mixture solution of chitosan, clove, and thyme was the most ac-
tive combination against S. Typhimurium and Staph. aureus. Biodegradable chitosan film 
loaded with EOs was more effective antibacterial activity against S. Typhimurium and S. 
aureus than chitosan-free-essential oils films. 

Keywords: Antibiotic-resistance, Salmonella Typhimuṛium, Staphylococcus aureus, 

Essential oils, Chitosan, Nano-chitosan, Biodegradable film

Introduction 

Foodborne pathogens are becoming increasingly re-

sistant to antimicrobial compounds due to overuse 

and abuse. Bacteria resistant to antibiotics have been 

found in all stages of the food chain from farm to 

fork, highlighting the huge issue that is antimicrobial-

resistant (Giacometti et al., 2021). Listeria, Salmonel-

la, Staphylococcus, Vibrio, and Yersinia are the 

common pathogenic bacteria responsible for health 

risks and nowadays show high resistance among 

them (Bintsis, 2017). Staphylococcus aureus is re-

sponsible for many infections: bacteremia; endocardi-

tis, and pulmonary system infections and this bacte-

rium has nowadays exhibited great antibiotic re-

sistance (Tong et al., 2015). Salmonella Typhimuṛium 

is the most important cause of foodborne illness and 

its recent skyrocket in antibiotic resistance over years 

has made it of very worrying concern since this likely 

leads to harsh health breaks (Tong et al., 2015).  
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     Despite that food additives are widely used to pre-

vent food spoilage and inhibit pathogenic bacteria, 

there is still a controversy over their extensive use in 

food preservation and their detrimental effect on 

health (Awuchi et al., 2020). The current trends in the 

food processing industry throw the light on using 

natural compounds which are considered more safe 

alternatives (Bondi et al., 2017).  Essential oils are 

considered as great potential bio-preservatives to 

minimize or eliminate pathogenic bacteria in pro-

cessed food products (Zhang et al., 2017). Oils mix-

ture may be considered a good candidate as a unique 

natural antimicrobial and antioxidant agent (Purkait 

et al., 2020).  

    Chitosan and nano-chitosan showed promising 

antimicrobial activity against S.aureus, Pseudomo-

nas. aeruginosa, S. Typhimurium, and E. coli. It was 

also seen that nano-chitosan had more activity than 

chitosan because of their properties (Divya et al., 

2017). Biodegradable films loaded with essential oils 

are novel techniques to improve food safety and ex-

tend the shelf life of foods by direct and/or indirect 

contact (Du et al., 2015).  

    This study aims to estimate the antibacterial of 

various natural agents such as essential oils, and their 

mixtures, chitosan, nano-chitosan, and chitosan film 

enriched with EOs against multidrug-resistant patho-

genic bacteria.  

Materials and methods 

Pathogenic bacterial strains  

     Five pathogenic bacterial strains, including Sal-

monella Typhimurium ATCC 25566 and Staphylo-

coccus aureus ATCC 6538 were purchased from the 

Microbiological Resource Center (MERCIN) at Fac-

ulty of Agriculture, Ain Shams University, Cairo, 

Egypt while S. Typhimurium ATCC14028, Staph. 

aureus ATCC 6538P, and Staph. aureus ATCC 

20231 were purchased from the Microbiological La-

boratory of Animal Health Institute, Cairo, Egypt. 

The test bacteria were grown on Mueller Hinton agar 

MHA (Jabbari et al., 2010) then cultured in tryptone 

soy broth TSB (Roberts and Greenwood, 2003)  at 

37ºC for 24 h and kept at 4ºC for further experiments. 

Antibiotics  

    Twenty common antibiotics used in medical prac-

tice belonging to different groups were purchased 

from Oxoid, UK., and are shown in Table (1).  

Essential oils 
    The following 10 EOs (98% purity) were procured 

from the Medicinal and Aromatic Oils Unit at the 

National Research Center: thyme oil (Thymus vulgar-

is), turmeric oil (Curcuma longa), parsley oil (Pe-

troselinum crispum), garlic oil (Allium sativum), 

cumin oil (Cuminum cyminum), clove oil (Syzygium 

aromaticum), pepper black oil (Piper nigrum), ginger 

oil (Zingiber officinale), cinnamon oil (Cinnamomum 

zeylanicum), and marjoram (Origanum majorana). 

Chitosan and nano-chitosan characterization  

    Chitosan powder (molecular weight: 100-300 

KDa; degree of deacetylation: 75) was obtained from 

ACROS ORGANICS (Belgium). While nano-

chitosan (size: 50–100 nm) was purchased from 

Nano-Fab Technology, New Maadi, Cairo. 

Inoculum preparation  

    A loopful of each tested pathogenic bacteria were 

inoculated into a flask (100 ml) containing 50 ml of 

tryptic soy broth and incubated in a shaker incubator 

150 rpm at 37˚C for 24 h. The cells were harvested, 

washed, and then suspended to a final cell density of 

12 x 10
6
  CFU/ml. 

Antibiotic sensitivity by disk diffusion test 

    One milliliter of each bacterial inoculum (10
6
 

CFU) was streaked on sterile Petri dishes containing 

Muller and Hinton Agar (MHA). The 20 antibiotic 

Table (1) disks were placed on the center of inocu-

lated plates and incubated at 37˚C for 24 h (Bauer et 

al., 1966). The results of sensitivity analysis of the 

tested bacteria to different antibiotics were catego-

rized (depending on the inhibition zone) as sensitive, 

intermediate, and resistant according to Clinical La-

boratory Standard Institute(CLSI., 2015). 

Antibacterial activity of some chemical preserva-

tives  

     Different concentrations of preservatives were 

prepared by dissolving them in Mueller Hinton broth 

(MHB) (Jabbari et al., 2010). Those preservative 

solutions were heat-treated at 80°C for 15 min before 

testing. The final concentrations of sodium benzoate 

and sodium nitrite were 1.0, 1.25, and 1.5 mg/ml and 

1.0, 1.5, and 2.0 mg/ml, respectively. Whereas tri-

sodium phosphate and sodium lactate at the same 

concentrations were 1%, 2%, and 3%. The multidrug-

resistant pathogenic bacteria were inoculated individ-

ually in Petri dishes containing tryptic soy agar me-

dium (Roberts et al, 1995). Then, preservative im-

pregnated disks were placed in the plates, and the 

plates were incubated for 24 h at 37˚C, according to 

the method reported previously (Stanojević et al., 

2010). 

 

 



 THE POTENTIAL SYNERGISTIC ACTIVITY OF CHITOSAN-ESSENTIAL OILS COMBINATION.. 
__________________________________________________________________________________________________________________ 

  

Env. Biodiv. Soil Security, Vol. 5 (2021)‎ 

313 

Antibacterial activity of EOs  

     One milliliter of the most antibiotic-resistant bac-

terial inoculum was spread onto sterile MHA sup-

plemented with tween 80% (0.01% v/v). Using a ster-

ile cork-borer, the 9-mm diameter well was cut from 

the agar, and subsequently, each well was filled with 

100 μl of EOs either individual oil or their combina-

tions (v/v). The plates were incubated for 1 h at room 

temperature and then for 24 h at 37˚C according to 

the method described by(López et al., 2005).  Com-

mercially available gentamicin disk (30μg) was used 

as a positive control. The inhibition zone was deter-

mined in millimeters.  

Minimum inhibitory concentration (MIC) for EOs 

    The most effective EOs were selected based on 

their antimicrobial activity. Briefly, 500 μl of tested 

bacterial strains (10
6 

CFU/ml) were inoculated in 4.0 

ml of MHB (Jabbari et al., 2010) and mixed with 

50-500 μl/100 ml of each EO or each combinations 

(Moreira et al, 2005) supplemented with tween 80% 

(0.01% v/v) and then incubated at 37˚C for 24 h. 

MIC was defined as the concentration that complete-

ly inhibited the visible growth of bacteria in broth 

medium and was confirmed by re-inoculating on 

MHA (Berche and Gailard 1996). 

Synergistic effect of EOs combination 

    The synergistic effect of EO combinations was 

estimated by determining the fractional inhibition 

concentration (FIC) index for each combination using 

the following equations (Davidson and Parish 

1988): 

FIC1 =                                            

 

FIC2 = 

FIC = FIC1+ FIC2, A/B = combination oil, a/b = indi-

vidual oil  

FIC index < 1: synergistic effect, = 1: additive effect, 

> 1: antagonistic effect  

Antibacterial activity of chitosan and nano-

chitosan  

    Briefly, 9-mm wells were punched over the agar 

plates. Chitosan (2g) and nano-chitosan (2mg) were 

dissolved in distilled water and acetic–glacial acid 

mixture (100:1 v/v), respectively, to obtain their solu-

tions. Subsequently, chitosan and nano-chitosan solu-

tions of 25, 50, 75, and 100 μl/well were placed in the 

wells. These plates were kept at room temperature for 

1h and then incubated at 37˚C for 24 h. At the end of 

the incubated period, the diameter of the inhibition 

zone was measured (Aliasghari et al., 2016). 

Determination of MIC for chitosan and nano-

chitosan  

    One milliliter of each bacterial inoculum was indi-

vidually added to tubes containing MHB medium 

with chitosan in serial two-fold dilution (1, 2, 4, 8, 

16, 32, 64, 128, 156, and 512 μg /ml) and with nano-

chitosan in serial two-fold dilution (0.8, 1.6, 3.2, 6.4, 

12.8, 25.6, 51.2, and 102.4 μg/ml). The control tube 

was free from chitosan and nano-chitosan. These 

tubes were then incubated at 37˚C for 24 h (Baron et 

al., 1994). 

Preparation of chitosan and nano-chitosan com-

bined with EOs  

    The MIC of either chitosan or nano-chitosan was 

mixed with the MIC of each cinnamon, thyme, clove, 

and garlic EO as well as with cinnamon + clove EO 

and thyme + clove EO and was supplemented with 

0.01% of tween 80% with constant stirring at room 

temperature for 4–6 h. Fresh chitosan or nano-

chitosan solutions loaded with various EOs were used 

as antibacterial agents against pathogenic bacteria 

(Chi et al., 2006). 

Preparation of EO-loaded chitosan films 

    The chitosan films were prepared by dissolving 

chitosan in an aqueous solution with glacial acetic 

acid (1% w/v) and then stirring on a magnetic stirrer 

hot plate at 50˚C. The MICs of effective individual 

and EOs combinations were added to chitosan solu-

tion, followed by stirring from 3 to 6 h. Glycerol 30% 

was mixed with chitosan–oil mixture in the beaker 

along with tween 80% at 0.2% (v/v); this solution 

was homogenized at 4000 rpm for 6 h to ensure 

emulsion formation. The mixtures were poured into a 

plastic Petri dish to dry at room temperature for at 

least 72 h. After drying, the membrane could be re-

moved easily (Mehdizadeh et al., 2012a). 

Antibacterial effect of EO-loaded chitosan films  

    Disks (12 mm) of films were cut and placed on 

MHA plates inoculated with 0.1 ml of bacterial inoc-

ulum at 10
6
 CFU/ml. These plates were then incubat-

ed at 37˚C for 24 h, and then the inhibition zone was 

measured (Seydim and Sarikus, 2007). 

Antioxidant activity of EO-loaded chitosan film 

    The percentage of 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) was calculated using the following equation: 

DPPH scavenging effect (%) = AbsDPPH – AbsEx-

tract/AbsDPPH × 100 

             MIC of A/B  

MIC of a 

 

       MIC of A/B 

MIC of b 
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Where AbsDPPH is the absorbance value at 517 nm of 

the methanolic solution of DPPH, and Absextract is the 

absorbance value at 517 nm of sample extracts 

(Siripatrawana and Harteb, 2010). 

Total phenols  
    Total phenols were determined according to the 

method described previously (Singleton et al., 1999).  

Results and discussions 

Sensitivity of pathogenic bacterial strains to com-

mercial antibiotics 

     S. Typhimurium ATCC 25566 was resistant to 

80% while S. Typhimurium ATCC 14028 was re-

sistant to 65% of the tested antibiotics in Table 1. S. 

Typhimurium ATCC 25566 and S. Typhimurium 

ATCC 14028 were sensitive to gentamycin which 

belongs to the aminoglycoside group. This is due to 

aminoglycosides being one of the three major classes 

of antibiotics, are highly bactericidal, and are com-

monly used to treat serious Gram-negative bacterial 

infections (Fair and Tor, 2014).  

    Despite Penicillin, Ampicillin, Vancomycin, 

Ciprofloxacin, and colistin, has antibacterial activity 

against Gram-negative bacteria, the two bacterial 

strains showed resistance to those antibiotics. This 

can be explained by different mechanisms of antimi-

crobial resistance in Gram-negative bacteria includ-

ing target modification, efflux pumps, hydrolyzing 

enzymes such as β-lactamases which hydrolyze β-

lactam ring present in penicillins, β-lactam and β-

lactamase inhibitor combinations, cephalosporins, 

monobactam, and carbapenems (Parajuli et al., 

2017).  

Staph. aureus ATCC 6538P , Staph. aureus ATCC 

6538and Staph. aureus ATTC2023 were resistant to 

(70% ,80%and 35%, respectively) Table 2.  

Although amikacin and gentamicin were belong-

ing to the aminoglycoside group, Staph. aureus 

ATCC 6538P and Staph. aureus ATCC 6538 were 

sensitive to the first one and show intermediate sensi-

tivity to the second one. Whereas Staph. aureus 

ATCC 20231was sensitive to both antibiotics belong-

ing to aminoglycoside. 

      Penicillin, ampicillin, rifampicin, and nitrofurantoin 

were not effective against most Gram-positive and 

Gram-negative bacteria. This may be due to excessive 

use of antibiotics has accelerated the development of 

methicillin resistance, and resistance in Staph. aureus 

can be explained by mutation or modification of antibi-

otic targets, inactivation of β-lactam antibiotics by β-

lactamase, a reduction in membrane permeability, or 

increased activity of efflux pumps (Lade & Kim, 2021).  

 

Table 1. Sensitivity of Salmonella Typhimurium to commercial antibiotics. 

 

 

Antibiotics  

 

 

Disk 

content 

μg/mL 

Salmonella Typhimurium 

 (ATCC 14028) 

Salmonella  Typhimurium 

(ATCC 25566) 

  I.Z (mm) I.S   I.Z (mm) I.S 

Penicillin 10    11.5± 0.5 R 10.0± 0.3 R 

Ampicillin 10 11.0± 0.1 R 11.6± 0.5 R 

Amoxicillin+ Clavulanic acid 30 11.7± 0.6 R 10.5± 0.7 R 

Cephalexin g1 30 15.0± 0.5 R 16.5± 0.4 R 

Ceftriaxone g3 30 11.7± 0.7 R 12.4± 0.3 R 

Cefaclor g2 30 10.5± 0.3 R N.I R 

Ceftazidime g3 30 10.5± 0.4 R N.I R 

Rifampicine 5 18.5± 0.5 I 10.8± 0.7 R 

Vancomycin 30 7.5± 0.2 R 7.0± 0.3 R 

Azithromycin 15 13.0± 0.3 S 10.5± 0.5 R 

Amikacin 10 16.0± 0.5 I 13.8± 0.3 R 

Gentamicin 10 17.0± 0.2 S 15.0± 0.4 S 

Oxytetra acid 10 15.0± 0.4 R 13.5± 0.5 R 

Doxycycline 30 11.8± 0.3 I 11.0± 0.6 I 

Colistin 10 1.5± 0.2 R 3.0± 0.4 R 

Sulfamethoxazole 30 14.0± 0.5 I 16.0± 0.3 S 

Cidocetine 30 13.0± 0.6 I 12.5± 0.2 I 

Ciprofloxacin 5 15.0± 0.5 R 15.0± 0.1 R 

Levofloxacin 5 9.5± 0.6 R N. I R 

Nitrofurantoin 30 N.I R N.I R 

R, Resistant; I, Intermediate; S, Sensitive; CLSI, Clinical Laboratory Standards Institute;  N.I, No Inhibition; I.Z, Inhibition 

zone; I.S, Interpretive standard. 
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Table 2. Sensitivity of Staphylococcus aureus to commercial antibiotics. 

Antibiotics  

Disk 

content 

μg/mL 

Staphylococcus aure-

us 

(ATCC 6538P) 

Staphylococcus au-

reus 

(ATCC 6538) 

Staphylococcus aureus 

(ATCC 20231) 

I.Z (mm) I.S I.Z (mm) I.S I.Z (mm) I.S 

Penicillin 10 N.I R 6.0 ±0.3 R N.I R 

Ampicillin 10 7.5 ± 0.3 R 9.0 ± 0.4 R 10.0 ± 0.4 R 

Amoxicillin+ Clavulanic acid 30 10. 5 ± 0.4 R 13.0 ± 0.1 R 25.0 ± 0.6 S 

Cephalexin g1 30 13.0 ± 0.7 I 13.0 ± 0.4 R 20.5 ± 0.5 S 

Ceftriaxone g3 30 12.0 ± 0.4 R 11.3 ± 0.3 R 18.5 ± 0.5 I 

Cefaclor g2 30 N.I R N.I R N.I R 

Ceftazidime g3 30 10.0 ± 0.6 R N.I R 12.0 ± 0.2 R 

Rifampicine 5 13.0 ± 0.7 R 12.8 ± 0.6 R 15.5 ± 0.4 R 

Vancomycin 30 11.5 ± 0.2 I 10.8 ± 0.5 I 17.0 ± 0.1 S 

Azithromycin 15 10.5 ± 0.5 R 11.5 ± 0.2 R 19.0 ± 0.6 S 

Amikacin 10 18.0 ± 0.7 S 16.5 ± 0.3 S 21.0± 0.7 S 

Gentamicin 10 14.0 ± 0.1 I 13 ± 0.4 I 16.5 ± 0.5 S 

Doxycycline 30 12.8 ± 0.5 I 12.0 ± 0.4 R 14.0± 0.4 I 

Oxytetra acid 10 13.0 ± 0.6 R 12.5 ± 0.8 R 19.5 ± 0.5 S 

Colistin 10 N.I R N.I R 11.5 ± 0.2 R 

Sulfamethoxazole 30 15.0 ± 0.4 I 14.0 ± 0.5 I 19.5 ± 0.5 S 

Ciprofloxacin 5 16.0 ± 0.3 I 15.0 ± 0.6 R 20.5 ± 0.1 S 

Levofloxacin  5 11.0 ± 0.5 R N.I R 20.0 ± 0.2 S 

Cidocetine 30 11.0 ± 0.6 R 11.4 ± 0.8 R 18.5 ± 0.2 S 

Nitrofurantoin  30 10.0 ± 0.5 R N.I R 11.0 ± 0.4 R 

R, Resistant; I, Intermediate; S, Sensitive; CLSI, Clinical Laboratory Standards Institute; N.I, No Inhibition; I.Z, Inhibition 

zone; ± , Standard Deviation; I.S, Interpretive standard. 

Table 3. Inhibition zone of concentration sodium benzoate, sodium nitrite, sodium tripolyphosphate, and sodium lac-

tate for pathogenic bacteria.  

         Preservatives 
Salmonella  Typhimurium 

(ATCC 25566) 
Staphylococcus  aureus 

(ATCC 6538) 

Inhibition zone    (mm) 

Disc saturated sterile water   (control) N.I   N.I 

Sodium benzoate (mg/ml) 

1.00 

1.25 

1.50 

 

5.3 ±0.5 

6.8 ±0.3 

9.3 ±0.1 

 

12.0± 0.4 

14.3± 0.5 

13.0± 0.3 

Sodium nitrite (mg/ml) 

1.0 

1.5 

2.0 

 

11.0 ±0.2 

12.8 ±0.1 

14.6 ±0.2 

 

12.0± 0.4 

13.2± 0.5 

16.0± 0.2 

Sodium tripolyphosphate (%) 

1.0 

2.0 

3.0 

 

8.0 ±0.1 

9.3 ±0.1 

10.5 ±0.4 

 

10.3± 0.7 

11.7± 0.2 

13.4± 0.5 

    Sodium lactate (%) 

1.0 

2.0 

3.0 

 

10.0 ±0.2 

11.6 ±0.2 

11.3 ±0.4 

 

12.0± 0.4 

13.4± 0.3 

15.4± 0.2 

Antibacterial activity of preservatives  

       Chemical preservatives showed varying inhibi-

tion zones depending on the concentration of the pre-

servative employed and the type of tested bacterial 

strains as shown in Table 3 according to (Saranraj 

et al., 2012). 

      Sodium nitrite at 2.0 mg/ml gave the highest in-

hibition zone against Staph. aureus followed by S. 

Typhimurium with inhibition zone 16.0 and 14.6 

mm, respectively. This is an indication that two test-

ed bacterial strains were intermediate to the chemical 

preservatives as reported by (Selim et al., 2012) who 

found that the zone of inhibition lesser than (≤ 

14mm) is resistant, (15-19mm) are intermediate 

while the zone of inhibition more than (≥20mm) is 

sensitive to chemical food preservatives. 

     Sodium lactate and sodium tripolyphosphate 

showed a higher inhibition zone for Staph. aureus 

than S. Typhimurium. These results are in harmony 

with (Moon et al., 2011). The effect of the sodium 
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tripolyphosphate for tested pathogenic bacterial may 

be attributed due to the sequestration of metal ions in 

the cell wall which leads to loss of cell wall integrity, 

thus inhibiting the growth of microorganisms  

(Kataria et al., 2020). 

      Sodium benzoate at 1.5 mg/ml gave the lowest 

inhibition zone against S. Typhimurium Staph. aure-

us (9.3,  and 13.0 mm, respectively) compared to 

other chemical preservatives On the other hand 

(Gyawali et al., 2015) revealed that the most effec-

tive chemical preservative was sodium benzoate 

(53.3%). 

 Antibacterial activity of tested essential oils  

        Essential oils of turmeric, marjoram, cumin, and 

black pepper did not form any inhibition zone against 

S.Typhimurium while against Staph. aureus gave 

inhibition zone11.5,10.0 and 10.5 mm, respectively. 

These results are in agreement with those obtained by 

(Tariq et al., 2019) who confirmed that Gram-

positive and Gram-negative bacteria diff er in their 

sensitivity to EOs.      

       Cinnamon, clove, and thyme oils gave the max-

imum values of inhibition zones against the two test-

ed pathogenic bacterial strains compared to other oils. 

This is in the line with (Das et al., 2012). The anti-

bacterial activity of EOs occurs by easily disrupt the 

cell membrane and make it more permeable 

(Khorshidian et al., 2018) moreover, they interrup-

tion transport processes and interact with trans mem-

brane proteins and other compounds within the cell. 

EOs also have adverse eff ects on enzymes (Hu et al., 

2017). 

MIC of  essential oils against pathogenic bacteria 

     Cinnamon and clove oils possessed an important 

antibacterial effect against both S. Typhimurium and 

Staph. aureus at  MIC (350 and 250μl/100ml, respec-

tively) as shown in Table 5. This may be due to the 

ability of these essential oils to penetrate the mem-

branes of bacteria, leading to their lysis (Vani and 

Lakshmi,  2014).  MIC of garlic oil against S. 

Typhimurium and Staph. aureus at 500 and 400 

μl/100ml, respectively whilst the inhibition of S. 

Typhimurium and Staph. aureus was observed at 

350-400 μl/100ml, respectively when used thyme oil. 

The antibacterial activity of thyme oil has been large-

ly attributed to antimicrobial effects in addition to 

antioxidant features (Nikolić et al., 2014). 

 

 

 

 

Table 4. Antibacterial activity of essential oils against 

pathogenic bacteria. 

                               

Essential oils

                                 

Salmonella  

Typhimurium 

(ATCC 

25566) 

Staphylococcus 

aureus 

(ATCC 6538) 

                                       Inhibition zone (mm) 

  Thyme 18.0 ± 0.2 23.0 ± 0.5 

  Turmeric N.I 11.5 ± 0.4 

  Parsley 12.0 ± 0.3 15.5 ± 0.2 

  Garlic 17.5 ± 0.5 20.3 ± 0.7 

  Cumin N.I 10.0 ± 0.4 

  Clove 24.6 ± 0.1 26.0 ± 0.2 

 Pepper black N.I 10.5 ± 0.4 
 Ginger 11.8 ± 0.2 12.0  ± 0.4 

 Cinnamon 23.5 ± 0.2 26.5 ± 0.2 

 Marjoram N.I N.I 

 Gentamycin 

(30μg/mL)             

16.0 ± 0.5 15.0 ± 0.4 

N.I (NO Inhibition) <9 mm diameter. 

      MIC of the four EOs on Staph. aureus less than S. 

Typhimurium, this was probably due to the protective 

effect of the outer membrane of Gram-negative bac-

teria to the hydrophobic antimicrobial compound 

(Thongson et al., 2005). 

Effect of combinations essential oils 

     The mixture of cinnamon and clove oils showed 

the highest inhibition zone against Staph. aureus and 

S. Typhimurium compared to other mixtures Table 6. 

The interpretation synergistic antimicrobial cinna-

mon/clove oil combination might be due to the inter-

actions between the main constituents of the oils 

(Purkait et al., 2020). The combination of cinnamon 

and thyme oils showed a higher inhibition zone for 

Staph. aureus than S. Typhimurium. These results are 

in agreement with those obtained by (El Atki et al., 

2020) who found that a combination of cinnamon and 

thyme oils showed synergistic activity against Staph. 

aureus. 

Based on the FIC index in Table (6) all combi-

nations showed a synergistic effect except thyme and 

garlic oils combination which exhibited an additive 

effect against both selected bacterial strains. Regard-

ing MIC, a mixture of cinnamon and clove EOs (1:1, 

v/v) exhibited a clear synergistic effect against Staph. 

aureus and S. Tphymurium since the lowest values of 

MIC 150 μl/100ml. Whereas the mixture of (thyme + 

garlic) EOs revealed an additive effect against S. 

Typhimurium and S. aureus since the highest values 

of MIC 250 μl/100ml. 

       The higher efficacy of oil combinations com-

pared with individual oils might be attributed to each 

essential oil has its unique chemical components 

which may possess varying modes of action. This 
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enhances the likelihood of reducing a microbe’s po-

tential resistance according to the previous study (El 

Atki et al., 2020). 

    Antibacterial activity of chitosan and nano-

chitosan 

        Chitosan at 100 μL/well showed strong antibac-

terial activity against both Staph. aureus and S. 

Typhimurium in Table 7. These results are in agree-

ment with (Jolly & Menon 2015). On the other hand, 

MIC of chitosan showed the same concentration for 

both bacteria (128 μg/ml). 

Table 5. Minimal inhibition concentration (MIC) of essential oils against pathogenic bacteria. 

Bacterial strains Values of MIC for essential oils (μl/100ml) 

Clove Thyme Cinnamon Garlic 

Salmonella Typhimurium (ATCC 

25566) 
350 ± 3.0 400 ± 5.0 350 ± 5.0 500 ±7.0 

Staphylococcus aureus (ATCC 

6538) 
250 ± 5.0 350 ± 2.0 250 ± 5.0 400 ± 4.0 

 

Table 6. Effect of essential oils combination against pathogenic bacteria. 

Bacterial strains  Essential oils mixture 

 

Inhibition zone 

 of mixture oils 

(mm) 

MIC of  

mixture oils 

 (μl/100ml) 

FIC (in-

dex) 

Effect of com-

bination 

Salmonella Tphymurium 

(ATCC 25566) 

 

Cinnamon + Clove 30.5 ± 0.2 150 ± 2.0 0.87 synergistic 

Cinnamon + Garlic 28.6 ± 0.5 170 ± 4.0 0.90 synergistic 

Cinnamon + Thyme 28.8 ± 0.3 190 ± 9.0 0.96 synergistic 

Clove +   Thyme 30.0 ± 0.5 200 ± 1.0 0.94 synergistic 

Clove + Garlic 25.0 ± 0.4 200 ± 5.0 0.90 synergistic 

Thyme + Garlic 21.0 ± 0.3 250 ± 4.0 1.0 additive 

Staphylococcus aureus 

(ATCC 6538) 

Cinnamon + Clove 33.5 ± 0.1 150 ± 5.0 0.87 synergistic 

Cinnamon + Garlic 30.6 ± 0.4 170 ± 8.0 0.90 synergistic 

Cinnamon + Thyme 31.8 ± 0.5 190 ± 6.0 0.96 synergistic 

Clove +   Thyme 31.6 ± 0.4 200 ± 5.0 0.94 synergistic 

Clove + Garlic 25.0 ± 0.3 200 ± 7.0 0.90 synergistic 

Thyme + Garlic 21.0 ± 0.4 250 ± 4.0 1.0 additive 

 

Table 7. Antibacterial activity of chitosan and nano-chitosan against pathogenic bacteria. 

 

Antibacterial agents  

Bacterial strains 

Salmonella Typhimurium 

(ATCC 25566) 

Staphylococcus   aureus 

         (ATCC 6538) 

Chitosan/plate (μl/ml) Inhibition  zone (mm) 

25 18.0 ± 0.4 20.5 ± 0.4 

50 19.0 ± 0.3 22.0 ± 0.5 

75 25.0  ± 0.5 25.0 ± 0.3 

100 26.8± 0.2 28.0 ± 0.2 

MIC (μg/ml) 128 ± 3.0 128 ± 0.7 

Nano-chitosan/plate (μl/ml) Inhibition zone (mm) 

25 18.5 ± 0.2 25.3 ± 0.5 

50 22.0 ± 0.3 27.0 ± 0.1 

75 25.0 ± 0.4 27.0 ± 0.3 

100 29.3 ± 0.5 30.0 ± 0.2 

MIC (μg/ml) 51.2 ± 5.0 25.6 ± 0.6 

Nano-chitosan at 100μL/well showed a maxi-

mum inhibition zone (30.0 mm)  against S. aureus 

followed by S. Typhimurium 29.3 mm. Additionally, 

nano-chitosan showed higher antimicrobial activity 

than chitosan against the tested pathogenic bacteria 

strains. This may be due to the features of nano-

chitosan such as small size and increased surface area 

(Rozman, et al., 2019). Regarding the MIC of nano-

chitosan, Staph. aureus was more sensitive to nano-

chitosan with a lower MIC value than S. Typhimuri-

um at (25.6 and 51.2 μg/ml, respectively). This may 

be due to the outer membrane consisting of lipopoly-

saccharides, lipoproteins, and phospholipids which 

act as a potential barrier against the entry of foreign 

molecules into the cell wall (Abou-Zeid et al., 2010). 
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Table 8. Chitosan and nano-chitosan combined with essential oils against pathogenic bacteria. 

 

Antibacterial agents  (μl/ml)     

                                             

Bacterial strains 

Salmonella Typhimurium 

        (ATCC 25566) 

Staphylococcus  aureus 

     (ATCC 6538) 

                              
Inhibition zone 

(mm) 

Inhibition zone 

(mm) 

Chitosan + garlic 28.3 ± 0.5 30.0 ± 0.2 

Chitosan + thyme 32.0 ± 0.4 37.2 ± 0.4 

Chitosan +  cinnamon 28.6 ± 0.5 32.0 ± 0.2 

Chitosan +  clove 29.0 ± 0.3 34.5 ± 0.5 

Chitosan + (cinnamon +clove) 34.0 ± 0.2 38.5 ± 0.3 

Chitosan + (clove+thyme) 37.0 ± 0.3 42.5 ± 0.5 

Nano-chitosan + garlic 15.0 ± 0.1 19.8 ± 0.2 

Nano-chitosan +  thyme 20.0 ± 0.2 24.0 ± 0.4 

Nano-chitosan +  cinnamon 15.0 ± 0.4 21.0 ± 0.5 

Nano-chitosan +  clove 21.0 ± 0.1 25.8 ± 0.3 

Nano-chitosan + (cinnamon + clove) 22.0 ± 0.3 25.0 ± 0.2 

Nano-chitosan + (clove + thyme) 20.0 ± 0.2 32.5 ± 0.2 

Antibacterial activity of chitosan and nano-

chitosan combined with essential oils  

     Chitosan or nano-chitosan incorporated with EOs 

exhibited potent antibacterial e-ects against the two 

tested bacteria with a variable degree as shown in 

Table 8. Chitosan combined with cinnamon and 

clove oils had a synergistic antibacterial effect 

against  Staph .aureus and S. Typhimurium with in-

hibition zone (38.5 and 34.0 mm, respectively). This 

result is in line with that reported previously by 

Purkait et al., 2020. 
Chitosan showed the strongest activity and the 

growth inhibition of both S.aureus and S. Typhimuri-

um when enriched with thyme and clove EO together 

according to (Batiha et al., 2020) who found that 

clove oil has both acetate, eugenol, and β-

caryophyllene, which are all considered significant 

phytochemicals and antioxidant features. In addition 

to the mode of action chitosan by binding to the 

negatively charged bacterial cell wall to disrupt by 

altering cell membrane permeability, and later by 

attaching to the DNA to inhibit its replication, lead-

ing to cell death.      

The lowest inhibition zones were observed for 

chitosan enriched with garlic oil against S. 

Typhimuṛium and S. aureus compared to chitosan 

combined with other oils. On the opposite Jolly & 

Menon 2015, proved that garlic oil has an antibacte-

rial effect, as this oil is rich in organ sulfur com-

pounds which inhibit the growth of several bacteria 

such as E. coli and S. aureus. Chitosan enriched with 

garlic, thyme, cinnamon, and clove oils revealed a 

higher inhibition zone against S. Typhimuṛium and 

Staph. aureus than nano-chitosan enriched with the 

same oils. These results may be attributed to when 

nano-chitosan was mixed with oils, it turned into a 

particle. Our results are supported by Hosseini et al., 

2013 who found that chitosan can bind and improve 

the bioactive components and bactericidal activities 

of EOs.  
 

Total phenolic content (TPC) and antioxidant ac-

tivity DPPH in biodegradable chitosan film  
Total phenolic content increase by using any oil 

with chitosan film. Maximum phenolic content val-

ues were observed in chitosan film enriched with 

clove and thyme oils combination followed by the 

combination of cinnamon and clove oils in Table 9. 

These results are in harmony with (Shaaban and 

Khaled, 2014) who found that the total phenolic con-

tent in the chitosan film increased with essential oils. 

As regards the antioxidant activity, the lowest value was 

observed in chitosan film enriched with cinnamon oil 

whereas chitosan film enriched with clove and thyme oils 

gave the highest one 93%. Our results were supported by 

(Ballester-Costa et al., 2016) who found the chitosan 

films without EO showed a slight scavenging activity on 

DPPH while chitosan film added with thyme essential oils 

had the highest antioxidant activity.  

 

Table 9. Total phenolic content and antioxidant activity DPPH of chitosan film incorporated with essential oils against path-

ogenic bacteria.  

Antibacterial agents Total phenol content (mg/m) 
Antioxidant activity DPPH  

(%) 

Chitosan film (control) 0.00 42.3 ± 0.5 

Chitosan  film + thyme 6.52 ± 0.3 74.0 ± 0.4 

Chitosan  film + cinnamon 5.43 ± 0.2 71.7 ± 0.2 

Chitosan film  + clove 5. 50 ± 0.2 79.6 ± 0.1 

Chitosan film+ (cinnamon+ clove) 7. 34 ± 0.1 89.8 ± 0.3 

Chitosan  film + (clove + thyme) 8.01 ± 0.4 93.0 ± 0.5 
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Compounds in EOs have shown that the antioxidant 

activities may be due to the redox properties exerted 

by various possible mechanisms: free radical scav-

enging activity, hydrogen donors, and transition met-

al chelating activity (Liyana-Pathirana and 

Shahidi, 2006) 

Antibacterial activity of biodegradable chitosan–

film loaded with EOs 

    Chitosan film incorporated with thyme oil showed 

a high inhibition zone (35.7 and 30.0mm) against 

Staph. aureus and S. Typhimurium, respectively as 

shown in Table 10. The antibacterial activity of chi-

tosan films loaded with thyme EO could be attributed 

to action thymol and these compounds exhibit anti-

microbial activity against a broad spectrum of both 

Gram-negative and Gram-positive bacteria 

(Venkatachalam and Lekjing, 2020). Chitosan 

films loaded separately with clove oil and cinnamon 

oil showed the lowest inhibition zone against S. 

Typhimurium and Staph. aureus compared to other 

chitosan films loaded with oils.  

Chitosan film enriched with a mixture of (clove + 

thyme) showed strong antibacterial activity than chi-

tosan incorporated with a mixture of (cinna-

mon+clove) against Staph. aureus and 

S.Typhimurium. This result is in agreement with that 

reported previously by (Mehdizadeh et al., 2012) 

who proved that thyme EO incorporated with chi-

tosan films exhibited a synergistic effect with high 

inhibition levels against Staph. aureus and S. Typhi-

murium. Chitosan films enriched with essential oils 

showed effective antibacterial activity against tested 

pathogenic bacterial strains whereas chitosan films 

oil-free did not demonstrate antibacterial activity. 

This may be explained by the fact that the chitosan 

molecules were fixed inside the film and could not 

diffuse into the surrounding agar medium (Wang et 

al., 2011). 

Conclusion and recommendation 

     According to the results obtained, chitosan solu-

tion and biodegradable film loaded with EOs are 

more effective than utilizing oils, chitosan, or nano-

chitosan separately as antibacterial activity against 

pathogenic bacteria. Using chitosan loaded with EOs 

for food preservation might thus be recommended. 

Table 10. Chitosan film (CF) loaded with essential oils against pathogenic bacteria. 

Antibacterial agents 
CF  

(control) 
CF + 

thyme 
CF + cinna-

mon 
CF + clove 

CF + (cinna-

mon+clove) 
CF + 

(clove + thyme) 

Inhibition zone (mm) 
Salmonella Typhimurium 

  (ATCC 25566) 
N.I  30.0 ± 0.3 26.0 ± 0.2 26.6 ± 0.4 34.0 ± 0.5 36.0 ± 0.2 

Staphylococcus  aureus 

   (ATCC 6538) 
N.I 35.7± 0.5 32.0 ± 0.3 32.0 ± 0.2 37.8 ± 0.3 39.5 ± 0.4 

N.I (NO Inhibition around dick 
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