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Abstract 
 

This study investigated the chemical composition and antibacterial activities of lime Citrus aurantifolia (Cc) and lemon 

grass Cymbopogon citratus (Ca) essential oils (EOs). Standard methods were used to determine their minimum inhibitory 

concentrations (MIC) and minimum bactericidal concentrations (MBC), and gas chromatography–mass spectrometry was 

used to determine their composition. Each EO and their combination showed promising results in treating test bacterial 

infections. Cc EO showed the largest inhibition zone diameter (43 mm) against Staphylococcus aureus and Serratia mar-

cescens, and Ca EO showed the largest (30 mm) and smallest (12 mm) inhibition zone diameters against Bacillus stea-

rothermophilus and S. marcescens, respectively. The combination of Cc EO and Ca EO (1:1) resulted in the largest (45 

mm) and smallest (8 mm) inhibition zone diameters against Klebsiella pneumoniae and Salmonella typhimurium, respec-

tively. The MIC of Cc EO ranged from 0.78% to 6.25%, and its MBC ranged from 3.13% to 12.50%. The MIC and MBC 

of combined Cc EO and Ca EO ranged from 0.78% to 6.25% and from 1.56% to 12.5%, respectively. The major compo-

nents of Cc EO and Ca EO were neral (44.98%) and D-limonene (56.02%). Overall, the combination of lime and lemon 

grass EOs performed well compared to streptomycin, making them suitable for treating test bacterial infections. 

 

Keywords: antibacterial activity, essential oils, lemon grass, lime, neral, D-limonene 
 

 
 

Introduction 
 

Essential oils (EOs) are extracts from different plants. 

The global number of plant orders is about 300,000, of 

which 30,000 contain EOs that can be harnessed by man 

[1]. EOs are plant-derived aromatic liquids. Among the 

3000 known EOs, 300 are commercially valued fragrance 

[2]. EOs chemically originate from terpenes and are a 

cocktail of diverse compounds, which boost the benefits 

of EOs [3]. EO-producing plants include lemongrass 

(Cymbopogon citratus, Cc), sweet orange (Citrus 

sinenesis), and lime (Citrus aurantifolia, Ca). Lemon 

grass is globally cultivated for its EOs, particularly in 

tropics and subtropics [4]. Cc EO is endowed with anti-

bacterial, antibiofilm, antifungal, and antioxidant bioac-

tivities [5–8] and has been used in cosmetics, flavor, fra-

grances, detergents, pharmaceuticals, perfumery, and 

soaps [9, 10]. Citrus contains minerals and other essential 

nutrients that are useful to man. 

 

Fruits possess antimicrobial, anticancer, antiulcer, anti-

oxidant, insecticidal, and liver protective traits [11]. Li-

monoids are the major compounds in citrus fruit peels 

that cause bitter taste and zest aroma [12, 13]. Citrus peel 

EOs from lime, lemon, tangerine, orange, mandarin and 

grapefruit are produced in high quantity [14] and are rich 

in volatile oils, flavonoid, and glycerol [15]. Lime con-

tains EOs and has various applications [16]. EOs are ex-

tracted by two main methods, namely, azeotropic distil-

lation (i.e., steam distillation, hydrodistillation, and hy-

drodiffusion) and solvent extraction [17]. The former 

guarantees EOs of higher purity and yield but requires 

higher start-up capital than the latter, which is simpler to 

perform. Compared with steam distillation and hydro-

diffusion, hydrodistillation requires inexpensive equip-

ment [18]. In general, EOs can be obtained from different 

plant plants as a cocktail of chemical compounds with di-

verse potent activities [3, 19–21] and are used in food 

preservation, aromatherapy, and perfume production. 
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Plants contain high amounts of potent phytochemicals in-

cluding carotenoids, polyphenols, and biologically active 

EOs [22, 23] with a wide range of antimicrobial activity 

[24]. Ca possess antifungal, antibacterial, anticancer, and 

antiflatoxigenic activities [16, 25–29]. The assays used in 

determining the antimicrobial activities of EOs include 

disk diffusion, agar-well diffusion, whole-plate diffu-

sion, and optical density [2]. The increase in antimicro-

bial resistance and the occurrence of superbugs have led 

to the search for EOs with bioactive potentials as a safe 

and cost-effective alternative to synthetic drugs. There-

fore, this study investigated the bioactive components, in 

vitro antibacterial potential, and synergistic interaction of 

C. sinenesis, Cc, and Ca EOs against selected bacteria. 

Materials and Methods 

Bacteria strains used in this study. The bacterial 

strains used in this study were Bacillus stearothermoph-

ilus NCIB 8222, Pseudomonas aeruginosa NCIB 950, 

Clostridium sporogenes NCIB 532, Proteus vulgaris 

NCIB 67, Bacillus cereus NCIB 6349, Staphylococcus 

aureus ATCC 25923, Bacillus subtilis NCIB 3610, 

Klebsiella pneumoniae NCIB 418, Serratia marcescens 

NCIB 1377, Salmonella typhimurium ATCC 14028, 

and Micrococcus luteus NCIB 196. The strains were 

cultured in nutrient broth (NB) at 37 °C (note: B. stea-

rothermophilus NCIB 8222 was cultured at 55 °C, and 

C. sporogenes NCIB 532 was incubated in anaerobic jar 

with CO2 gas packs), for 18–24 h, streaked on sterile 

nutrient agar slants for 18–24 h, and stored at 4 °C in 

the refrigerator. 

 

Plant materials. Fresh lime and sweet orange fruits were 

purchased at Sabo market, Ile-Ife, Osun State, Nigeria. 

Lemon grass leaves were obtained from Moremi Estate, 

Ile-Ife, Osun State, Nigeria. 

 

EO extraction. EOs were extracted from fresh lemon 

grass and lime and sweet orange peels by hydrodistilla-

tion using a Clevenger extractor. After the samples were 

cut into small pieces, 900 g of each plant material was 

transferred into the distillation flask (5 L) and added with 

3 L of water. The mixture was heated on a heating mantle 

at 85 °C for 3 h while ensuring the chiller was functional 

by adding methanol when needed [30]. Precautions were 

taken to prevent the reversal (i.e the reabsorption of the 

distilled essential oil) of the oil at the hinge point into the 

flask, and N-hexane was added into the collecting pipe to 

trap the oil and prevent it from escaping before being col-

lected into amber bottles. The EOs were refrigerated at 4 

°C until further analysis. 

 

Antibacterial susceptibility testing of the EOs on se-

lected bacteria strains. The susceptibility of the EOs 

against the test bacteria were tested using the agar-well 

diffusion method described by Valgas et al. [31] with 

some modifications. The test bacteria were cultured in 

NB for 18–24 h and standardized to 0.5 McFarland 

standard (106 CFU/mL). Approximately 100 µL of the 

standardized bacteria was seeded on solidified sterile 

Mueller–Hinton agar (MHA) in Petri dishes with sterile 

swab stick. Wells were then bored into these MHA Petri 

dishes using a sterile 6 mm cork borer and filled up with 

200 µL of the appropriate EOs, i.e., lime, sweet orange, 

or lemon grass, with the aid of a micropipette. Strepto-

mycin was used as the control. The Petri dishes were 

left stationary on the laboratory bench for 1 h to allow 

the proper diffusion of the EOs into the medium before 

being incubated at 37 °C (note: B. stearothermophilus 

NCIB 8222 was cultured at 55 °C, and C. sporogenes 

NCIB 532 was incubated in anaerobic jar with CO2 gas 

packs) for 24 h. The Petri dishes were observed for in-

hibition zones. The same procedure was repeated for the 

synergistic activity testing of the EOs with slight varia-

tion, i.e., 100 µL each of Cc and Ca EOs were combined 

at 1:1 v/v. 

 

Determination of the minimum inhibitory concen-

trations (MICs) of the Eos. The MIC of Cc and Ca EOs 

was determined following the broth dilution method of 

Oluduro et al. [32]. Twofold dilutions of the EOs were 

prepared aseptically. Afterward, 100 µL of each EO was 

added to 900 µL of sterile NB in microtubes and inocu-

lated with 10 µL of standardized bacteria (0.5 McFar-

land standard). The control tube contained 1000 µL of 

sterile NB and the standardized inoculum. The mixture 

was incubated at 37 °C (note: B. stearothermophilus 

NCIB 8222 was cultured at 55 °C, and C. sporogenes 

NCIB 532 was incubated in anaerobic jar with CO2 gas 

packs), for 24 h after which each mixture was observed 

using the optical density in comparison to the control 

tubes. MIC was recorded as the least concentration of 

the EOs that prevented bacterial growth in the broth 

mixture. This procedure was repeated for the combina-

tion of Cc and Ca EOs. 

 

Determination of the minimum bactericidal concen-

trations (MBCs) of the Eos. The MBCs of the EOs 

were investigated as described by Spencer and Ragout 

de Spencer [33]. The 24-hour-old broth mixture for 

MIC determination was streaked out on sterile nutrient 

agar plates, incubated at 37 °C (note: B. stearother-

mophilus NCIB 8222 was cultured at 55 °C, and C. spo-

rogenes NCIB 532 was incubated in anaerobic jar with 

CO2 gas packs), for 72 h, and checked for the presence 

or absence of growth. MBC was taken as the least con-

centration of the EOs that completely inhibited bacterial 

growth at the end of incubation. This procedure was re-

peated for the combination of Cc and Ca EOs. 

 

Gas chromatography–mass spectrometry (GC–MS) 

of Eos. The GC–MS of Ca and Cc EOs was performed 

on Agilent Technologies Intuvo 9000 GC System and 

Agilent Technologies 5977B Mass Selective Detector 

(MSD) attached to 4513A Automatic Liquid Sampler. 
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The instrument was furnished with a HP-5MS capillary 

column (length 30 m, inner diameter 0.25 mm and film 

thickness 0.25 µm). Helium was used as the carrier gas 

at a flow rate of 1.2 mL/min, and 1 µL of each sample 

was injected into the inlet maintained at 300°C. The 

oven temperature was maintained at 40 °C for 2 min and 

then raised to 200 °C at 5 °C/min for 2 min, 275 °C at 

15°C/min for 2 min, and 315°C at 20 °C/min for 2 min. 

The MSD transfer line was kept at 250 °C. The source 

temperature was 230 °C, and the MS Quad was 150 °C. 

The ionization mode was electron ionization at 70 eV. 

The constituents of different EOs were determined by 

comparing the relative retention indices and mass spec-

tra against the Wiley and NIST library for GC/MS using 

the probability merge search software and the NIST MS 

spectra search program. The relative amount (% com-

position) of an individual oil component represents the 

percentages of the peak area. 

 

Statistical data analysis. Data were analyzed with 

SPSS 26 software. Comparison across treatments was 

performed with univariate ANOVA, followed by 

Tukey’s posthoc tests. Results were regarded as statis-

tically different when p < 0.05. 

Results 

Inhibitory effect of the EOs on the bacterial strains. 

The sweet orange peel EO was not active against all the 

test bacteria (result not shown). Figure 1 shows the 

sensitivity patterns exhibited by the EOs against the 

bacteria. The results indicated that 82% of the bacteria 

were susceptible to Cc EO, and the inhibition zone 

diameter ranged from 11 mm to 43 mm. Cc EO displayed 

the largest inhibition zone diameter of 43 mm against S. 

aureus subsp. aureus ATCC 25923, implying that its 

activity was significantly higher than that of conventional 

antibiotic streptomycin (p < 0.05). Meanwhile, the 

smallest inhibition zone diameter of 11 mm was recorded 

against S. marcescens NCIB 1377. The order of decreasing 

antibacterial activity against the test bacteria was as 

follows: S. aureus subsp. aureus ATCC 25923 (43 mm) > 

C. sporogenes NCIB 532 (40 mm), B. stearothermophilus 

NCIB 8222 (40 mm) and B. cereus NCIB 6349 (40 mm) > 

B. subtilis NCIB 3610 (37 mm) > M. luteus NCIB 196 (30 

mm) > P. vulgaris NCIB 67 (26 mm) > K. pneumonia 

NCIB 418 (24 mm) > Serratia marcenscens NCIB 1377 

(11 mm) (Figure 1). Cc EO had no activity against P. 

aeruginosa NCIB 950 and S. typhimurium ATCC 14028. 

Approximately 91% of the bacterial isolates were 

susceptible to Ca EO, and the inhibition zone diameter 

ranged from 12 mm to 30 mm (Figure 2). Ca EO displayed 

the largest inhibition zone diameter of 30 mm against B. 

stearothermophilus NCIB 8222, a value significantly 

higher than that of streptomycin (p < 0.05), and the 

smallest inhibition zone diameter of 12 mm against K. 

pneumoniae NCIB 418. The activity of Ca EO activity as 

indicated by its inhibition zone diameters was in the 

following order: B. stearothermophilus NCIB 8222 (30 

mm) > B. cereus NCIB 6349 (19 mm) > C. sporogenes 

NCIB 532, P. vulgaris NCIB 67 and B. subtilis NCIB 3610 

(17 mm) > S. aureus subsp. aureus ATCC 25923 (15 mm) 

> S. typhimurium ATCC 14028 (14 mm) > S. marcenscens 

NCIB 1377 and P. aeruginosa NCIB 950 (13 mm) > K. 

pneumoniae NCIB 418 (12 mm) Figure 2. Ca EO had no 

activity against M. luteus NCIB 196. All the organisms 

tested against 1 mg/mL streptomycin showed varying 

susceptibility. The results for the antibacterial activities of 

combined Cc EO and Ca EO against the test bacteria are 

presented in Figure 3. All the bacterial strains were 

sensitive to the combined EOs, with the largest inhibition 

zone diameter observed for K. pneumoniae NCIB 418 at 

45 mm, which was significantly higher than that of 

streptomycin (p < 0.05), followed by S. aureus subsp. 

aureus ATCC 25923 with the inhibition zone diameter of 

36 mm. The smallest inhibition zone diameter of 8 mm 

was observed against S. typhimurium ATCC 14028. 

 

MICs and MBCs of Cc and Ca Eos. The MICs and 

MBCs of Cc and Ca EOs are as shown in Table 1. The 

MIC of Cc EO on the test bacteria was between 0.78% 

and 6.25%. The least MIC of 0.78% was observed for 

C. sporogenes NCIB 532, B. stearothermophilus NCIB 

8222, and S. aureus subsp. aureus ATCC 25923; and 

the highest MIC of 6.25% was observed for S. 

marcescens NCIB 1377 and P. vulgaris NCIB 67. The 

MBC ranged between 1.56% and 12.50% (Table 1). The 

MIC of Ca EO against the test bacteria ranged between 

1.56% and 12.50%. The least MIC of 1.56% was 

obtained for B. stearothermophilus NCIB 8222 and B. 

cereus NCIB 6349, and the highest MIC of 12.50% was 

observed for S. marcescens NCIB 1377. The MBC 

ranged from 3.13% to 25.00% (Table 1). 

 

MICs and MBCs of the combined Cc and Ca Eos. 

The MICs and MBCs of the combined Cc EO and Ca 

EO are presented in Table 2. The MIC of the EO 

combination against the susceptible bacteria was 

between 0.78% and 6.25%. The least MIC of 0.78% was 

obtained for K. pneumoniae NCIB 418 and M. luteus 

NCIB 196, and the highest MIC of 6.25% was reported 

for S. marcescens NCIB 1377, S. typhimurium ATCC 

14028, and S. aureus subsp. aureus ATCC 25923. The 

MBC of the EO combination ranged between 3.13% and 

12.50%. 
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Figure 1. Antibacterial Activities of Cymbopogon Citratus Essential Oil Against the Test Bacteria 

A. Graphical presentation of Cymbopogon citratus essential oil activities against the test bacteria; B. Selected pictorial representation 

of Cymbopogon citratus essential oil activities against the test bacteria; a, b, c, d, e, and f: the bars with the same alphabet are not 

significantly different from one another, and bars with different alphabets are significantly different from one another. NCIB 8222: 

Bacillus stearothermophilus, NCIB 950: Pseudomonas aeruginosa, NCIB 532: Clostridium sporogenes, NCIB 67: Proteus vulgaris 

NCIB 67, NCIB 6349: Bacillus cereus, ATCC 25923: Staphylococcus aureus, NCIB 3610: Bacillus subtilis, NCIB 418: Klebsiella 

pneumoniae, NCIB 1377: Serratia marcescens, ATCC 14028: Salmonella typhimurium, and NCIB 196: Micrococcus luteus. 

 

 
 

Figure 2. Antibacterial Activity of Citrus aurantifolia Essential Oils Against the test Bacteria 

A. Graphical presentation of Cymbopogon citratus essential oil activities against the test bacteria; B. Selected pictorial representation 

of Cymbopogon citratus essential oil activities against the test bacteria; a, b, c, d, e, and f: the bars with the same alphabet are not 

significantly different from one another, and bars with different alphabets are significantly different from one another. NCIB 8222: 

Bacillus stearothermophilus, NCIB 950: Pseudomonas aeruginosa, NCIB 532: Clostridium sporogenes, NCIB 67: Proteus vulgaris 

NCIB 67, NCIB 6349: Bacillus cereus, ATCC 25923: Staphylococcus aureus, NCIB 3610: Bacillus subtilis, NCIB 418: Klebsiella 

pneumonia, NCIB 1377: Serratia marcescens, ATCC 14028: Salmonella typhimurium, and NCIB 196: Micrococcus luteus. 
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Figure 3. Synergistic Antibacterial Activities of Combined Cymbopogon citratus and Citrus aurantifolia Essential Oils (Cc EO 

+ Ca EO) Against the Test Bacteria 

A. Graphical presentation of Cymbopogon citratus essential oil activities against the test bacteria; B. Selected pictorial representation 

of Cymbopogon citratus essential oil activities against the test bacteria; a, b, c, d, e, and f: the bars with the same alphabet are not 

significantly different from one another, and bars with different alphabets are significantly different from one another; NCIB 8222: 

Bacillus stearothermophilus, NCIB 950: Pseudomonas aeruginosa, NCIB 532: Clostridium sporogenes, NCIB 67: Proteus vulgaris 

NCIB 67, NCIB 6349: Bacillus cereus, ATCC 25923: Staphylococcus aureus, NCIB 3610: Bacillus subtilis, NCIB 418: Klebsiella 

pneumonia, NCIB 1377: Serratia marcescens, ATCC 14028: Salmonella typhimurium, and NCIB 196: Micrococcus luteus. 

 
Table 1. Minimum Inhibitory Concentrations and Minimum Bactericidal Concentrations of Cymbopogon citratus and Citrus 

aurantifolia Essential Oils 
 

Bacterial strains 
Cc EO Ca EO 

MIC (%) MBC (%) MIC (%) MBC (%) 

Clostridium sporogenes NCIB 532 0.78 1.56 3.13 6.25 

Klebsiella pneumoniae NCIB 418 3.13 6.25 6.25 12.50 

Serratia marcescens NCIB 1377 6.25 12.50 12.50 25.00 

Bacillus stearothermophilus NCIB 8222 0.78 1.56 1.56 3.13 

Bacillus subtilis NCIB 3610 1.56 3.13 3.13 6.25 

Proteus vulgaris NCIB 67 6.25 12.50 3.13 6.25 

Bacillus cereus NCIB 6349 1.56 3.13 1.56 3.13 

Micrococcus luteus NCIB 196 1.56 3.13 ND ND 

Pseudomonas aeruginosa NCIB 950 ND ND 6.25 12.50 

Salmonella typhimurium ATCC 14028 ND ND 6.25 12.50 

Staphylococcus aureus subsp. aureus ATCC 25923 0.78 1.56 3.13 3.13 

Keys: NCIB = National Collection of Industrial Bacterial; Cc EO = Cymbopogon citratus essential oil; Ca EO = Citrus aurantifolia 

essential oil; MIC = Minimum Inhibitory Concentration; MBC = Minimum Bactericidal Concentration; ND = Not Determined 
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Table 2. Minimum Inhibitory Concentrations and Minimum Bactericidal Concentrations of Combined Cymbopogon citratus 

and Citrus aurantifolia Essential Oils 
 

Bacterial strains 
Cc EO + Ca EO 

MIC (%) MBC (%) 

Clostridium sporogenes NCIB 532 1.56 3.13 

Klebsiella pneumoniae NCIB 418 0.78 1.56 

Serratia marcenscens NCIB 1377 6.25 12.50 

Bacillus stearothermophilus NCIB 8222 1.56 3.13 

Bacillus subtilis NCIB 3610 1.56 3.13 

Proteus vulgaris NCIB 67 3.13 6.25 

Bacillus cereus NCIB 6349 3.13 6.25 

Micrococcus luteus NCIB 196 0.78 1.56 

Pseudomonas aeruginosa NCIB 950 3.13 6.25 

Salmonella typhimurium ATCC 14028 6.25 12.50 

Staphylococcus aureus subsp. aureus ATCC 25923 6.25 12.50 

Keys: NCIB = National Collection of Industrial Bacterial; Cc EO = Cymbopogon citratus essential oil; Ca EO = Citrus aurantifolia 

essential oil; MIC = Minimum Inhibitory Concentration; MBC = Minimum Bactericidal Concentration 

 
Table 3. Chemical Constituents of Cymbopogon citratus Essential Oil 

 

S/N Name % Composition Retention Time Quality 

1 Trans-1-ethyl-3-methylcyclopentane 0.72 5.33 87 

2 1-ethyl-3-methylcyclopentane 1.45 5.39 81 

3 Trans-1,2-dimethylcyclohexane 0.93 5.55 94 

4 Trans-1,3-dimethylcyclohexane 1.59 5.73 91 

5 Trans-1,2-dimethylcyclohexane 0.41 5.88 50 

6 Cis-1,2-dimethylcyclohexane 0.13 6.34 94 

7 Ethylcyclohexane 0.32 6.47 90 

8 α-pinene 0.07 9.45 93 

9 (1S)-6,6-dimethyl-2-methylene-bicyclo[3.1.1]heptane 0.13 10.79 95 

10 6-methyl-5-heptene-2-one 1.08 11.18 97 

11 β-myrcene 19.71 11.36 97 

12 1,3,8-ρ-menthatriene 2.53 12.35 96 

13 D-limonene 9.20 12.49 99 

14 (Z)-3,7-dimethyl-1,3,6-octatriene 0.82 13.10 97 

15 ρ-(1-propenyl)-toluene 0.29 14.39 96 

16 3-methyl-2-(2-methyl-2-butenyl)-furan 0.07 14.61 76 

17 Linalool 1.69 14.75 92 

18 (E,Z)-2,6-dimethyl-2,4,6-octatriene 0.38 15.58 96 

19 7-methyl-3-methylene-6-octenal 1.98 16.09 78 

20 Isomeral 3.13 16.67 97 

21 3,7-dimethyl-3,6-octadienal 7.90 17.24 98 

22 Neral 44.98 19.23 90 

 Total 99.51   
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Table 4. Chemical Constituents of Citrus aurantifolia Essential Oil 
 

S/N Name % Composition Retention Time Quality 

1 Trans-1-ethyl-3-methylcyclopentane 0.45 5.33 81 

2 Trans-1,2-dimethylcyclohexane 0.18 5.55 94 

3 1,4-dimethylcyclohexane 0.32 5.73 91 

4 Ethylcyclohexane 0.07 6.47 90 

5 2-methyl-bicyclo(3.1.0)hex-2-ene 0.48 9.26 97 

6 (1S)-2,6,6-trimethylbicyclo(3.1.1)hept-2-ene 3.12 9.47 97 

7 Camphene 0.46 9.91 97 

8 β-pinene 23.58 11.01 91 

9 β-myrcene 1.77 11.34 95 

10 α-phellandrene 0.40 11.74 83 

11 1-methyl-4-(1-methylethyl)-1,3-cyclohexadiene 0.46 12.14 98 

12 D-limonene 56.02 12.84 99 

13 β-ocimene 0.99 13.16 95 

14 γ-Terpineme 5.63 13.54 95 

15 1-methyl-4-(1-methylethylidene)-cyclohexane 1.32 14.37 98 

16 Linalool 1.51 14.82 96 

17 5-methyl-3-(1-methylethylidene)-1,4-hexadiene 0.17 15.58 97 

18 Neral 0.07 16.07 50 

19 Terpinen-4-ol 2.90 17.22 87 

 Total 99.90   

 

Chemical composition of Cc and Ca Eos. GC–MS 

revealed 22 different compounds Cc EO. The most 

abundant compounds were neral (44.98%) and β-

myrcene (19.71%). D-limonene (9.20%), 3, 7-dimethyl-

3,6-octadienal (7.90%), isomeral (3.13%), and 1,3,8-ρ-

menthatriene were the minor constituents as presented 

in Table 3. 

 

Ca EO was made up of 19 distinct compounds. The most 

abundant compounds were D-limonene (56.02%) and β-

pinene (23.58%). Other minor components such as γ-

terpinene (5.63%), (1S)-2,6,6-trimethylbicyclo(3.1.1) 

hept-2-ene(3.12%), and terpinen-4-ol (2.90%) were 

also identified (Table 4). 

Discussion 

The antibacterial activity of Cc, Ca, and C. sinensis EOs 

and the combination of Cc EO and Ca EO against 

selected bacteria were investigated. C. sinensis EO 

showed no activity against all the test bacteria in this 

study (data not shown). This observation is similar to 

the work of Javed et al. [34], who reported no activity 

for C. sinensis var. Malta EO against K. pneumoniae. 

However, this report was contrary to the work of some 

researchers [35–37]. The difference in observation may 

be due to various factors, such as the types of test 

bacteria exposed to C. sinensis EO and the geographical 

source of the C. sinensis used in the different studies. 

 

Cc EO possesses bioactivity against several pathogenic 

microbes [38], including antibacterial activity [39–41]. In 

this study, Cc EO inhibited all the test bacteria. This 

observation agreed with the work of Zulfa et al. [42], who 

reported the antibacterial activity of Cc EO against B. 

cereus, K. pneumoniae, and S. aureus. The inhibition zone 

diameter of 40 mm obtained for Cc EO against S. aureus 

subsp. aureus ATCC 25923 is close to the 49 mm reported 

for S. aureus ATCC 6538 by Tadtonga et al. [43]. Gram-

positive organisms show higher susceptibility than gram-

negative bacteria, which is in concordance with the report 

of Ewa et al. [44]. Cc EO disrupts bacterial biofilms and 

inhibits bacterial multiplication by destroying the lipid 

bilayer bonds and disintegrating the cell membrane [45, 

46]. A low concentration of Cc EO leads to the temporary 

inhibition of microbes, and a high concentration induces 

bactericidal, fungicidal, and virucidal activities [47, 48]. 

The bioactivities of Cc EO majorly depend on the test 
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bacteria and EO concentration [49, 50]. However, the 

composition, extraction method, plant age, and temperature 

can also affect the EO efficacy. As such, Cc EO from 

different plants may exhibit varying nature and intensity of 

activity. The host’s morphophysiological attributes can 

also influence oil effectiveness [51]. 

 

Ca EO inhibited the majority of the test bacteria in this 

study in varying degrees. Ca EO possesses antioxidant, 

antimicrobial, and insecticidal activities [52]. The 

largest inhibition zone diameter of 30 mm exhibited by 

Ca EO was observed against B. stearothermophilus 

NCIB 8222, a gram-positive bacterium. This finding is 

contrary to the observation of Galovicová et al. [52], 

who posited that the most pronounced inhibition of Ca 

EO was recorded against gram-negative bacteria. The 

activity of Ca EO against Bacillus spp., Salmonella spp. 

and S. aureus in the present work is somewhat similar 

to the report of Onyeagba et al. [53], who observed Ca 

EO inhibition zone diameters of 17, 17, and 13 mm 

against S. aureus, Bacillus spp., and Salmonella spp., 

respectively. Chi et al. [54] also reported slightly 

similar activities with Ca EO inhibition zone diameters 

of 20.1, 21.1, and 20.1 mm against S. aureus, B. cereus, 

and S. typhi, respectively. A recent study further 

reiterated the antibacterial activities of Citrus peels 

against multidrug-resistant bacteria [55]. 

 

The combination of Cc and Ca EOs resulted in an 

antagonistic interaction due to the reduction in activity 

against S. marcescens NCIB 1377 and B. cereus NCIB 

6349 with the inhibition zone diameters of 10 and 15 mm, 

respectively. Synergism was observed in the antibacterial 

activities of Cc EO + Ca EO against K. pneumoniae 

NCIB 418 and M. luteus NCIB 196 with inhibition zone 

diameters of 45 and 34 mm, respectively. The EO 

combination also showed the following activities: 9 and 

8 mm inhibition zone diameters for P. aeruginosa NCIB 

950 and S. typhimurium ATCC 14028, respectively. This 

value indicates a reduction in activity compared with Ca 

EO alone. The same trend was observed for C. 

sporogenes NCIB 532, B. stearothermophilus NCIB 

8222, B. subtilis NCIB 3610, and P. vulgaris (NCIB 67) 

with inhibition zone diameters of 27, 34, 28, and 12 mm, 

respectively. This reduction in Cc EO activity may be due 

to the inhibition caused by one or more components of 

the EOs; hence, their combination can promote or hinder 

their synergistic activity compared with that of their 

individual activities. Streptomycin at a concentration of 

1 mg/mL inhibited most of the test bacteria except K. 

pneumoniae (NCIB 418). Furthermore, Cc EO was 64% 

more active than streptomycin, indicating its strong 

antibacterial property that can be harnessed for 

therapeutic applications. The antibacterial activities of 

the EOs against gram-positive and -negative bacteria 

may differ due to their cell wall composition [49, 56]. 

The broad-spectrum activities of the EOs observed in this 

study could be an insight into their use as promising, 

cheap, reliable, and environmentally friendly alternative 

to conventional antibiotics. 

 

GC–MS revealed that the most abundant compounds in 

Cc EO were neral (44.98%) and β-myrcene (19.71%). 

This observation is in agreement with the findings of 

Inouye [23], who reported that citral, citronellal, and 

limonene are the major constituents of Cc EO and could 

be responsible for its antimicrobial activity. Citral is one 

of the bioactive components in Cc EO responsible for 

its antibacterial activity [48, 57–60]. Scanning electron 

microscopy confirmed that citral damages C. sakazakii 

cell membranes [61]. In addition to citral, other minor 

components play active roles in Cc EO’s antibacterial 

activities [58, 62, 63]. 

 

 

 
 

Figure 4. Chemical structure of the major components of Cymbopogon citratus and Citrus aurantifolia essential oils. A. Neral 

from Cymbopogon citratus essential oil [69]; B. D-Limonene from Citrus aurantifolia essential oils [70] 
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The most abundant compounds in Ca EO were D-

limonene (56.02%) and β-pinene (23.58%). This 

observation is in consonance with other studies [27, 64–

67] except for the work of Galovicová et al. [52], who 

reported α-phellandrene (48.5%) and p-cymene (16.5%) as 

Ca EO’s major components. In addition to its antibacterial 

activity, D-limonene possesses multifunctional activities 

including antioxidant, antiinflammatory, anticancer, 

antidiabetic, and gastroprotective effects [68]. The well-

established chemical structure of neral [69] and D-

limonene [70], the most abundant compounds in Cc EO 

and Ca EO, respectively, are presented in Figure 4. 

Conclusion 

The antibacterial potential of Cc EO and Ca EO was fa-

vorably comparable with that of streptomycin. As such, 

each EO and their combinations can be used as resource 

to synthesize new plant-based drugs for the management 

of infections caused by the pathogenic bacteria investi-

gated in this study. The combination of the EOs had an 

exceptional antibacterial activity against K. pneumoniae 

compared with the conventional antibiotic—streptomy-

cin. This study revealed that Cc and Ca EOs possess po-

tent antibacterial activity, justifying their use in tradi-

tional medicine. 
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