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Abstract  
Citrus maxima Merr. or Pomelo is a plant with potential antibacterial activity against a broad spectrum of 

bacterial pathogens that has the key active compound as limonene, which is a major constituent in the fruit peel. This 

study investigated the antibacterial activity of C. maxima essential oil (CMEO) against methicillin-resistant 

Staphylococcus aureus (MRSA). The antibacterial activity was determined by the agar disk diffusion and broth macro 

dilution methods against S. aureus ATCC 25923 (methicillin-susceptible S. aureus; MSSA), S. aureus ATCC 43300 

(MRSA) and ten clinical isolates of MRSA. The bacteria-killing rate of 1MIC CMEO at different exposure times was 

also evaluated by the time-kill assay. The inhibition zones of CMEO against S. aureus ATCC 25923, S. aureus ATCC 

43300 and MRSA isolates were 10.0, 9.0 and 9.9 mm, respectively, but no zone was observed for DMSO control, thus 

indicating a weak activity of CMEO. The inhibition zone of CMEO against MRSA isolates was significantly different 

from that of limonene (p  0.05), indicating a synergistic effect of limonene with other minor compounds in CMEO. 

The MIC value of CMEO to S. aureus ATCC 43300 was lower than that of S. aureus ATCC 25923 (4.0 vs 10.7 

mg/mL; p  0.05). The MIC value of CMEO against MRSA isolates was 8.14.8 mg/mL with MIC indexes less than 4. 

Besides, CMEO completely killed both MSSA and MRSA within 4 and 8 hours, respectively. These findings 

demonstrated the bactericidal effect of CMEO against MRSA; thus, it has the potential to be developed as a novel 

antibacterial agent. 
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_______________________________________________________________________________________________ 

 

1.  Introduction 

Staphylococcus aureus is one of the important human pathogens. The clinical manifestations are 

varied from mild skin and soft-tissue infections to life-threatening endocarditis, chronic osteomyelitis, 

pneumonia, or bacteremia (McGuinness, Malachowa,  DeLeo, 2017). Community-acquired and hospital-

acquired infections of methicillin-resistant Staphylococcus aureus (MRSA) are among the major public 

health problem worldwide. They affect an increase in the morbidity and mortality rates which lead to a 

longer staying in the hospital and increasing in treatment expenses. In Thailand, the prevalence rate of 

MRSA was reported as high as 28% in 2006 and gradually decreased to 9.1% in 2019 (NARST, 2019). 

However, the resistance of MRSA to vancomycin, which is a current antibiotic drug for MRSA treatment, 

has been observed at the rates of 0.3-0.6% since 2016 (NARST, 2019).  

The use of plant extracts as antibacterial agents has a great benefit in that they have lesser toxicity 

and adverse side effects compared to existing antimicrobial agents. In the past decade, previous studies 

demonstrated the broad antibacterial activities of essential oils extracted from plants in the family Rutaceae 

including Citrus limon L. (lemon) (Frassinetti, Caltavuturo, Cini,  Della Croce, 2011), C. aurantium (sour 

orange) (Frassinetti, Caltavuturo, Cini,  Della Croce, 2011; Torres-Alvarez et al., 2017), C. reticulata 

(mandarin orange) (Frassinetti, Caltavuturo, Cini,  Della Croce, 2011; Torres-Alvarez et al., 2017), C. 

sinensis (sweet orange) (Frassinetti, Caltavuturo, Cini,  Della Croce, 2011; Torres-Alvarez et al., 2017), 

C. aurantifolia (lime) (Lemes et al., 2018), C. hystrix (kaffir lime) (Wongsariya, Phanthong, 

Bunyapraphatsara, Srisukh,  Chomnawang,2014; Borusiewicz et al., 2017; Sreepian, Sreepian, 

Chanthong, Mingkhwancheep,  Prathit, 2019) and C. maxima (pomelo) (Tao  Liu, 2012; Prusty  Patro, 

2014; Ou, Liu, Sun,  Chan, 2015; Saeb, Amin, Gooybari, & Aghel, 2016; Chen, Lin, Lin,  Jen, 2018). 

Citrus maxima (Burm.) Merr. or C. grandis (L.) Osbeck (Common names: Pomelo or Shaddock) is a 
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tropical fruit that is widely cultivated in central, northern and southern parts of Thailand. Previous studies in 

different regions reported that the main constituent in C. maxima essential oil (CMEO) was limonene with 

various amounts ranging from 69.4 to 95.7% (Minh Tu, Thanh, Une, Ukeda, & Sawamura, 2002; Chen et 

al., 2018). CMEO extracted from the fruit peels contained a higher amount of limonene than that in flowers, but 

limonene was not found in the leaf-derived CMEO (Thavanapong  et al., 2010; Tsai et al., 2017). The variation 

of chemical compositions of CMEO was mainly dependent on harvesting seasons, agro-climatic condition, 

stage of maturity, adaptive metabolism of plants and distillation conditions (Burt, 2004; Anwar, Ali, 

Hussain,  Shahid, 2009). CMEO from different countries including China, Taiwan, India, as well as 

Thailand, exhibited higher activity against Gram-positive bacteria, especially to S. aureus, than Gram-

negative bacteria (Tao  Liu, 2012; Prusty  Patro, 2014; Ou et al., 2015; Chen et al., 2018). The 

production of antibacterial agents from the plant waste materials, such as the fruit peel, would commercially 

increase their values and reduce environmental waste. Up to now, there is no data on the antibacterial 

activity of CMEO against MRSA. Consequently, it is necessary to obtain preliminary data on the 

antibacterial activity in order to develop CMEO as antibacterial agents to fight MRSA in the future. 

 

2.  Objectives 

To determine in vitro antibacterial activity of CMEO against reference strains and clinical isolates 

of MRSA. 

 

3.  Materials and Methods 

3.1 Plant material  

The fresh fruits of Citrus maxima (Burm.) Merr. cv. Khao Yai were collected from Chiang Rai 

Province, located in the northernmost region of Thailand, in November 2018. The peel was separated and 

then processed through steam distillation. The extracted C. maxima essential oil (CMEO) was stored at 4C 

and protected from light until used. A stock solution of CMEO was prepared at a concentration of 400 

mg/mL (w/v) in dimethyl sulphoxide (DMSO) before use. 

 

3.2 Bacterial organisms  

Bacterial strains used in this study included two strains of American Type Culture Collection 

(ATCC); Staphylococcus aureus ATCC 25923 (methicillin-susceptible S. aureus; MSSA), S. aureus ATCC 

43300 (methicillin-resistant S. aureus; MRSA) and ten clinical isolates of MRSA. S. aureus ATCC 25923 

and 10 clinical isolates of MRSA originated from the collection from Microbiology Laboratory, Faculty of 

Medical Technology, Rangsit University, Thailand; and S. aureus ATCC 43300 was obtained from the 

Faculty of Science, Rangsit University, Thailand. The bacteria were maintained at -20C in Trypticase soy 

broth (TSB, Difco; Becton, Dickinson and Company) with 10% glycerol and cultivated on blood agar at 

37C for 18-24 hours. 

 

3.3 Agar disk diffusion  

Agar disk diffusion was performed to evaluate the susceptibility profiles of tested bacteria and to 

screen the in vitro antibacterial activity of CMEO as previously described (CLSI, 2019; Sabulal et al., 2006) 

with some modifications. S. aureus ATCC 25923, S. aureus ATCC 43300 and 10 clinical isolates of MRSA 

were included in the experiments. The turbidity of tested bacteria was adjusted to 0.5 McFarland units using 

the densitometer (DEN-1; Biosan, England). The bacterial suspension (approximately 1.5 x 10
8
 CFU/mL) 

was spread on Mueller Hinton agar (MHA). The sterilized disk (6 mm) impregnated with 10 µL of CMEO 

(0.9 g/mL), 10 L of limonene (97%) (Sigma-Aldrich, MO, USA) and 10 L of DMSO (2.3% v/v) were 

placed on the surface of each plate. The plates were incubated at 37C for 18-24 hours. The inhibition zone 

diameter (IZD) of CMEO was measured and interpreted using the following criteria: no activity, IZD = 6 

mm; weak activity, 6 mm < IZD < 12 mm; moderate activity, 12 mm < IZD < 20 mm; and strong activity, 

IZD > 20 mm (Lv, Liang, Yuan,  Li, 2011). The susceptibility of 7 selected antibiotics namely; cefoxitin 
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(30 g), ampicillin (10 g), amoxicillin (30 g), gentamicin (10 µg), ciprofloxacin (5 g), erythromycin (5 

g) and clindamycin (2 g) were also examined on MHA (CLSI, 2019). 

3.4 Determination of MIC and MBC by broth macro dilution 

The minimum inhibitory concentration (MIC) of CMEO was evaluated by broth macro dilution 

method following the Clinical and Laboratory Standards Institute (CLSI) document M07-A10 (CLSI, 2015) 

with some modifications. One milliliter of bacterial suspension (approximately 510
5
 CFU/mL) was 

inoculated with 1 mL of CMEO; the ranged concentrations from 0.25 to 16 mg/mL. After incubating at 

37C for 18-20 hours, the MIC was determined by the lowest concentration that completely inhibits visible 

bacterial growth. Consequently, one loop of the MIC suspension that showed visually clear was cultivated 

on agar plates and incubated at 37C for 18-24 hours. The minimum bactericidal concentration (MBC) was 

determined by the lowest concentration that completely inhibits bacterial growth on the agar plate. Each 

experiment was performed in triplicate. Broth control (CMEO with MHB), bacterial control (bacteria with 

MHB) and DMSO control (bacteria with 2.3% DMSO) were also included. The MIC index (MBC/MIC 

ratio) was calculated to classify the type of antimicrobial substances, as previously described by Gatsing et 

al. (2009). 

 

3.5 Determination of the bacteria-killing rate  

The bacteria-killing rate was determined by standard time-kill assay following previous methods 

by Chimnoi et al., (2018) with some modifications. Tubes containing MHB and CMEO at 1×MIC were 

inoculated with bacterial suspension (approximately 510
5
 CFU/mL) and incubated at 37C for 0, 1, 2, 4, 8, 

12 and 24 hours. DMSO control was also used. At the end of each period, 10-fold serial dilutions were 

prepared with sterile normal saline. Subsequently, 100 L of the samples were plated onto MHA plates in 

duplicate. Viable counts were determined after the plates were incubated at 37°C for 24 hours. The 

percentages of relative viability counts were plotted against exposure time. The percentages of relative 

viability counts of all samples were calculated using the following formula:  

 

Relative viability count (%) =  Number of living cells at the exposure time  100 

Number of living cells at the initial time 

 

3.6 Statistical analysis  

Descriptive statistic was performed using the IBM Statistical Package for Social Services (SPSS) 

version 21.0 (IBM, Armonk, NY). The results were expressed as mean ± standard deviation (SD) of MIC, 

MBC and IZD of triplicate experiments. The Mann-Whitney U test was used to compare the inhibitory 

effect between CMEO and limonene as well as that of methicillin-susceptible and methicillin-resistant S. 

aureus. P-value < 0.05 was considered statistically significant.  

 

4.  Results and Discussion  

The antibiotic susceptibility profile of 7 antibiotics among two reference strains of S. aureus and 

ten clinical isolates of methicillin-resistant S. aureus (MRSA) is shown in Table 1. S. aureus ATCC 25923, 

which is a methicillin-susceptible strain, was highly sensitive to both cefoxitin and other antibiotics tested. 

In comparison, S. aureus ATCC 43300 which is a methicillin-resistant strain was resistant to cefoxitin, and 

some tested antibiotics except to amoxicillin, gentamicin and ciprofloxacin. The IZDs of S. aureus ATCC 

25923 and S. aureus ATCC 43300 to cefoxitin were 36.0 mm and 18.0 mm, respectively. For clinical 

isolates of MRSA, all of them were resistant to cefoxitin with IZD ranging from 6.0 to 20.0 mm. However, 

the susceptibility profile to other antibiotics was different among the isolates with a resistant pattern to at 

least three antibiotics, indicating multidrug resistance was observed. Moreover, all isolates (10/10, 100%) 

were resistant to ampicillin and erythromycin; 5 isolates (5/10, 50%) were resistant to amoxicillin and 

ciprofloxacin; and only two isolates (2/10, 20%) were resistant to gentamicin. Among ten isolates, there 

were two isolates (2/10, 20%); MRSA001 and MRSA002, were found to be resistant to all tested antibiotics 

except to clindamycin (Table 1). The results demonstrated that all MRSA isolates used in this study were 
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highly multidrug-resistant to currently used antibiotic drugs. These bacterial isolates were further used for 

the determination of in vitro antibacterial activity of C. maxima essential oil (CMEO).  

 

Table 1 Antibiotic susceptibility pattern of tested bacteria 

Bacteria 
Inhibition zone diameter (IZD; mm)1 

FOX2 AMP AMC CN CIP E DA 

S. aureus ATCC 25923 36.03.5 (S) 36.72.1 (S) 39.02.6 (S) 29.30.6 (S) 26.31.3 (S) 27.33.1 (S) 28.74.2 (S) 

S. aureus ATCC 43300 18.00.0 (R) 14.31.5 (R) 24.32.1 (S) 27.32.1 (S) 26.01.4 (S)  6.00.0 (R)  6.00.0 (R) 

MRSA001  7.01.0 (R) 10.70.6 (R) 12.30.6 (R) 11.72.9 (R)  6.00.0 (R)  6.00.0 (R) 24.01.0 (S) 

MRSA002  6.30.6 (R) 10.30.6 (R) 12.71.5 (R) 10.30.6 (R)  6.00.0 (R)  6.00.0 (R) 22.30.6 (S) 

MRSA003  7.3.0.6 (R) 11.0.0.0 (R) 13.0.1.0 (R) 12.70.6 (I)  6.00.0 (R)  6.00.0 (R) 27.01.0 (S) 

MRSA004 17.01.7 (R) 13.02.0 (R) 25.03.6 (S) 28.32.1 (S) 24.30.5 (S)  6.00.0 (R) 26.01.0 (S) 

MRSA005 14.70.6 (R) 10.70.6 (R) 14.01.0 (R) 15.74.0 (S)  6.00.0 (R)  6.00.0 (R) 22.70.6 (S) 

MRSA006 18.02.0 (R) 13.31.5 (R) 25.31.2 (S) 27.72.5 (S) 27.02.2 (S)  6.00.0 (R) 26.71.2 (S) 

MRSA007 15.00.0 (R) 11.00.0 (R) 13.70.6 (R) 18.01.0 (S)  6.00.0 (R)  6.00.0 (R) 21.70.6 (S) 

MRSA008 17.02.0 (R) 14.01.7 (R) 25.72.1 (S) 27.72.5 (S) 26.01.4 (S)  6.00.0 (R) 26.31.5 (S) 

MRSA009 14.72.5 (R) 12.30.6 (R) 25.31.5 (S) 28.30.6 (S) 25.32.1 (S)  6.00.0 (R) 23.70.6 (S) 

MRSA010 16.00.0 (R) 11.71.2 (R) 26.32.5 (S) 28.30.6 (S) 23.71.7 (S)  6.00.0 (R) 24.71.2 (S) 

MRSA001-010        

No. of resistance (%) 10 (100%) 10 (100%) 5 (50%) 2 (20%) 5 (50%) 10 (100%) 0 (0%) 

No. of intermediate (%) 0 (0%) 0 (0%) 0 (0%) 1 (1%) 0 (0%) 0 (0%) 0 (100%) 

No. of sensitive (%) 0 (0%) 0 (0%) 5 (50%) 7 (70%) 5 (50%) 0 (0%) 10 (100%) 

1 Values are expressed as mean  SD of triplicate experiments. 
2  Interpreted criteria for cefoxitin: IZD   21 mm is resistant (R) and IZD ≥ 22 mm is susceptible (S) (CLSI, 2019). 

FOX; cefoxitin (30 g), AMP; ampicillin (10 g), AMC; amoxicillin (30 g), CN; gentamicin (10 g), CIP; 

ciprofloxacin (5 g), E; erythromycin (5 g) and DA; clindamycin (2 g). 

S; susceptible, I; intermediate and R; resistant.  

 

Table 2 Antibacterial activity of the Citrus maxima essential oil and purified limonene against tested bacteria by agar 

disk diffusion 

Bacteria 
Inhibition zone diameter (IZD; mm)1, 2  

CMEO Limonene 

S. aureus ATCC 25923 10.00.0 (W) 11.32.3 (W) 

S. aureus ATCC 43300  9.01.0 (W) 10.01.0 (W) 

MRSA001 10.71.2 (W)  9.00.0 (W) 

MRSA002 10.00.0 (W)  9.31.2 (W) 

MRSA003  9.30.6 (W)  9.70.6 (W) 

MRSA004 10.00.0 (W) 10.01.0 (W) 

MRSA005 10.00.0 (W)  8.02.0 (W) 

MRSA006  9.01.0 (W)  9.01.0 (W) 

MRSA007 11.31.5 (W)  8.72.3 (W) 

MRSA008  9.70.6 (W)  8.01.0 (W) 

MRSA009  9.31.2 (W)  8.31.5 (W) 

MRSA010  9.72.1 (W)  7.01.7 (W) 

1 Values are expressed as mean  SD of triplicate experiments. 
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2 Interpreted criteria of antibacterial activities: IZD = 6 mm is no activity (N), 6 mm < IZD  12 mm is weak activity 

(W), 12 mm < IZD < 20 mm is moderate activity (M), and IZD ≥ 20 mm is strong activity (S) (Lv, Liang, Yuan,  Li, 

2011). 

 

Antibacterial activities of CMEO and purified limonene against the reference strains of S. aureus 

and ten clinical isolates of MRSA by agar disk diffusion are shown in Table 2. The results revealed that 

CMEO displayed weak antibacterial activities against both of the reference strains; methicillin-susceptible 

S. aureus (ATCC 25923) and methicillin-resistant S. aureus (ATCC 43300) with IZDs of 10.0 mm and 9.0 

mm, respectively (p = 0.200). For MRSA isolates, the IZD value of CMEO was significantly higher than 

that of its key compound; limonene (9.9 mm vs 8.7 mm, p = 0.02). Also, CMEO displayed weak 

antibacterial activity against all clinically isolated MRSA (10/10, 100%). The IZD value of gentamicin (10 

g), which is a positive control, was ranging from 10.0 to 30.0 mm, while that of negative control (2.3% 

DMSO) was not observed (data not shown). Previous studies proposed that the antibacterial activities of 

essential oil might be produced by a single major compound or by the synergistic or antagonistic effect of 

various minor compounds in EO (Nazzaro, Fratianni, De Martino, Coppola,  De Feo, 2013). In this study, 

the results of the agar disk diffusion method revealed that the inhibitory effect of limonene alone was lower 

than that of crude CMEO; therefore the synergistic effect of limonene with other minor components in 

CMEO is proposed to play a crucial role in the antibacterial activity. However, geographical and seasonal 

variations; such as climate, soil and nutrition, are mainly attributed to the content of chemical components 

in CMEO and consequently affect the level of antibacterial activity. 

The tested bacteria that exhibited the IZD of CMEO > 6 mm by disk diffusion was further 

determined for the MIC and MBC by broth macro dilution. The MIC and MBC of CMEO against tested 

bacteria are shown in Table 3. Interestingly, the MIC value of CMEO to S. aureus ATCC 43300 was lower 

than that of S. aureus ATCC 25923 (p = 0.034), implying a significant inhibitory effect against MRSA. 

However, there was inconsistency in the inhibitory effect observed by the disk diffusion and broth macro 

dilution methods. Therefore, the larger number of clinically isolated MRSA, as well as MSSA, should be 

included in further investigation. For MRSA isolates, the MIC and MBC values were 8.14.8 mg/mL and 

11.74.8 mg/mL, respectively (data not shown). A study in Taiwan by Tao and Liu (2012) reported the 

MIC of CMEO against S. aureus ATCC 25923 at 9.38 L/mL. According to several variations in methods 

of antibacterial testing and tested bacterial strains, comparison to previous studies is not feasible. MIC 

indexes suggested that CMEO exerted a bactericidal effect toward all tested bacteria, including both MRSA 

and MSSA (12/12, 100%, MIC indexes < 4). The standard time-kill assay revealed that at 1×MIC CMEO 

exposure, the relative viable count of methicillin-resistant S. aureus (ATCC 43300) decreased from 42.3% 

to 13.1% within 1 to 4 hours and completely removed within 8 hours after exposure. Methicillin-susceptible 

S. aureus (ATCC 25923) decreased from 42.6% to 16.6% within 1-2 hours and was completely removed 

within 4 hours after exposure (Figure 1).  

 

Table 3 Antibacterial activity of the Citrus maxima essential oil against tested bacteria by broth macro dilution 

Bacteria MIC1 (mg/mL) MBC1 (mg/mL) MIC index 

S. aureus ATCC 25923 10.74.6 8.06.9 0.8 

S. aureus ATCC 43300 4.00.0 5.32.3 1.3 

MRSA001 5.32.3 10.74.6 2.0 

MRSA002 5.32.3 5.32.3 1.0 

MRSA003 10.74.6 13.34.6 1.3 

MRSA004 5.32.3 10.74.6 2.0 

MRSA005 4.00.0 10.74.6 2.7 

MRSA006 16.00.0 16.00.0 1.0 

MRSA007 6.72.3 12.06.9 1.8 
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Bacteria MIC1 (mg/mL) MBC1 (mg/mL) MIC index 

MRSA008 10.74.6 16.00.0 1.5 

MRSA009 3.31.2 9.36.1 2.8 

MRSA010 13.34.6 13.34.6 1.0 
1 Values are expressed as mean  SD of triplicate experiments. 

 

 
Figure 1 Time-kill curves of the Citrus maxima essential oil at 1×MIC and DMSO control to methicillin-resistant S. 

aureus (ATCC 43300) and methicillin-susceptible S. aureus (ATCC 25923) within 24 hours 

 

Previous studies reported the antibacterial activity of CMEO against S. aureus and other bacterial 

strains but not for MRSA. Therefore, this study is the first attempt to highlight the antibacterial potential of 

CMEO against MRSA. The bactericidal effect of CMEO is attributed to the hydrophobic property of the 

EO and the majority component in CMEO, limonene that is a monoterpene hydrocarbon. Several targets of 

antibacterial action have been extensively reported in the EO, but only a few with limonene; these targets 

included the membrane fatty acids, cytoplasmic membrane proteins, intracellular- and extracellular- 

ATP/ATPases of bacteria (Nazzaro et al., 2013; Espina, Gelaw, de Lamo-Castellví, Pagán, & García-

Gonzalo, 2013). The hydrophobic property of EO would enable them to partition in the lipids of bacterial 

cytoplasmic membrane and mitochondria (Burt, 2004; Chouhan, Sharma,  Guleria, 2017). EO would enter 

through the fatty acyl chains of membrane lipid bilayers, followed by disrupting the lipid composition and 

alter membrane fluidity and permeability (Wang et al., 2012). Increased cell permeability may lead to the 

leakage of cellular- and intracellular components resulting in depleting of intracellular potassium ion and 

interfering cell respiration (Swamy, Akhtar,  Sinniah, 2016). Finally, the further study of the synergistic 

effect of CMEO to other plant-derived essential oils and the chemical compositions by GC-MS analysis 

will be investigated.  
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5.  Conclusion 

CMEO exhibited a bactericidal effect to methicillin-resistant S. aureus with a complete killing 

time of 8 hours. Further evaluations on the mode of actions of CMEO and synergistic effect with other 

plant-derived essential oil’s as well as in vivo adverse effects are necessary before applying CMEO as new 

antibacterial agents. 
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