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Abstract                                                                                                                          

Background: Emergence of infections due to multi-drug resistant microbial organisms has  

posed a serious health concern. In the developing countries synthetic drugs are expensive  

and inadequate for the treatment of many diseases. Therefore there are increasing  

interests in using natural antibacterial plants. Since the launch of the first World Health 

Organization (WHO) traditional medicine strategy 2002-2005, there has been significant and 

steady progress in implementing, modifying and organizing traditional and complementary 

medicine. One of such plants is Citrus aurantifolia (الليمون االخضر) that belongs to the family 

Rutaceae and is used in traditional folklore structure of medicine.                                                                                                                                                

Objective: To assess the antibacterial activity of lime juice and lime peel's oil against 

Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae, and Salmonella 

species.  

Materials and methods: The antibacterial activity of lime juice and lime peel's oil extracts 

were investigated. The inhibitory zones were recorded in millimetres. The synergistic effect 

between plant extractions were assessed using the well diffusion method.  

Results: Lime juice was found to have a more potent antibacterial effect than lime peel's  

oil against the tested organisms. Combination of lime juice and lime peel's oil with antibiotic 

drugs had no increased synergistic activity than synthetic antibiotics except for S. typhimurium 

which showed high sensitivity to the combination of oil and azithromycin. Combination of lime 

peel's oil and lime juice showed remarkable activity, especially with the pure lime juice. 

Conclusion: The use of lime juice and lime peel's oil extracts in the treatment of bacterial 

infections is encouraging.  
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Introduction  
 

The emergence of infections due to multi drug resistant microbial organisms has posed a serious 

health concern. Escherichia  coli (E. coli), Staphylococcus aureus (S. aureus) and Klebsiella 

pneumoniae ((K. pneumoniae) and other β-lactamase producers had become a major therapeutic  
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problem requiring serious attention for alternative curative agents. Since the launch of the first 

WHO Traditional Medicine Strategy 2002-2005, there has been significant and steady progress 

in implementing, modifying and organizing traditional and complementary medicine (T and CM) 

in most regions of the world. The global uptake of T and CM, shows that noteworthy momentum 

has been achieved over the past decade1.                                                                                                   

Several up to date research work and practical experience had reported that the use of medicinal 

plants is better than allopathic drugs by having fewer side effects, relative low costs, besides 

having synergistic effect, even though a large number of medicinal plants' biologically active 

constituents have not yet been recognized. For the poor and disadvantaged patients, medicines 

are unavailable, unaffordable, unsafe, or improperly used. Medicinal plants are the only 

affordable and accessible source of primary health care for 80 percent of the world population 

residing in the vast rural areas of the developing and under developed countries. Recent study 

indicates that patients whose general practitioner has additional complementary and alternative 

medicine training have lower health care costs and mortality rates than those who do not. 

Reduced costs were the outcome of fewer hospital stays and fewer prescription drugs. Potential 

cost savings are a key reason for individuals to go for T and CM services2.                                          

Traditional medicine (TM) is the oldest form of health care system that has stood the test of time. 

Usage of plants for curing illness has deep roots in man's history. Plants are used in treating 

malaria, diarrhoea, burns, gonorrhoea, stomach disorders and other infectious diseases. Efforts of 

scientists in establishing plants with promising antimicrobial activity are yielding fruitful results.  

The plants are easily available and cheaper than the conventional drugs. Lime (Citrus 

aurantifolia)  is a polyembryonic species with greenish yellow, smooth surfaced, thin-skinned 

fruits, and solid core at maturity with highly acidic juice. Citrus fruits are recognized as an 

important component of the human diet, providing a variety of constituents important to human 

nutrition, including vitamin C, folic acid, potassium, flavonoids, pectin, and dietary fiber. Citrus  

also contains significant amounts of highly oxygenated triterpenoid compounds (limonoids), 

particularly in underutilized by-products of citrus juice production3.  

Limonoids occur naturally only in plant species of the Rutaceae and Meliaceae plant families. 

Lemon peel is a useful source of flavonoids, which have high antioxidative activity, pectin, and 

essential oil. Further, it is expected to contain other functional compounds. Citrus aurantifolia 

fruit and different parts of the tree has an antifungal, antiproliferative, anti-cancer, anti- 

microbiological, antioxidative, anti -inflammatory, anti allergic, antimutagenic, antiaflatoxigenic, 

antinephrolithiasis, weight-reduction, hypocholesterolemic, and cardiovascular effects. Lime is 

also an excellent disinfectant, which will not only effectively kill bacteria but it is a natural 

antiseptic and smells divine4.  

Materials and methods                                                                                                                     
 

This was an analytical study conducted at the the Medicinal and Aromatic Research Institute 

(Khartoum, Sudan). The antibacterial activity of lime juice and peel's oil extracts were studied on 

six bacterial species collected from the Microbiology Laboratory at the Faculty of Medical 

Laboratory Sciences, University of Khartoum (Sudan). The bacterial species investigated were 

Staphylococcus aureus (S. aureus), Pseudomonas aeruginosa (P. aeruginosa), Klebsiella  
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pneumoniae (K. pneumoniae), and Salmonella typhi (S. typhi), Salmonella paratyphi B (S. para 

typhi B), and Salmonella typhimurium (S. typhimurium) species.                                                                     

The inhibitory zones were recorded in millimetres. The synergistic effect between plant 

extractions were assessed using the well diffusion method. The plant material, lime, was 

purchased from the local market at Khartoum. Lime was peeled, and the peels were let to dry at 

room temperature for 3 days. Then dry peels were crushed into small pieces. 240 gms of crushed 

peels were put in a 200 ml round bottom flask and 1000 ml distilled water were added. Receiver 

and condenser were attached to the top of the flask. The procured fruits were washed and dried at 

room temperature. The outer portions of these fruits were wiped with 70% alcohol and fresh 

juice was collected using a sterile syringe. Four different concentrations of the juice were 

prepared: 100% (pure), 75%, 50%, and 25%. These were stored at 4°C until further analysis.                                                                                                                                                          

Standard bacterial strains of the American Type Culture Collection (ATCC) were obtained from 

the Medicinal and Aromatic Research Institute (Khartoum) and the Faculty of Medical 

Laboratory Sciences, University of Khartoum (Sudan). These bacterial strains were:                               

* Staphylococcus aureus (ATCC 25923).                                                                                                                      

* Klebsiella pneumoniae (ATCC 53657).                                                                                                                

* Pseudomonas aeruginosa (ATCC 27853)                                                                                                              

* Salmonella typhi (ATCC 14023).                                                                                                          

* Salmonella typhimurium (ATCC 14028).                                                                                                            

* Salmonella paratyphi B (isolate).                                                                                                                   

One ml aliquots of a 24 hours broth culture of the test organisms were aseptically distributed into 

nutrient agar slopes and incubated at 37°C for 24 hours. The bacterial growth was harvested and 

washed off with 100 ml sterile normal saline, to produce a suspension containing about 108-109 

cfu /ml. The suspension was then stored in a refrigerator at 4°C until further analysis.                                    

The antibiotics used were ciprofloxacin (500mg) and azithromycin (250 mg).                                        

Preparation of antibiotics concentrations:                                                                                                     

Antibiotics preparation was performed as follows:  

1. 500 mg of ciprofloxacin were dissolved in 500ml sterile distilled water. Serial dilutions were 

prepared from this solution as shown below:                                                                                                          

a) 1 ml+9 ml sterile distilled water.                                                                                                                             

b) 4 ml+6 ml sterile distilled water.                                                                                                                          

c) 5 ml+5 ml sterile distilled water.                                                                                                                               

d) 5 ml+5 ml sterile distilled water.                                                                                                                                

e) 5 ml+5 ml sterile distilled water.                                                                                                                                       

2. 250 mg of azithromycin were dissolved in 250 ml sterile distilled water. Serial dilutions were 

prepared from this solution as shown below:                                                                                                                 

a) l ml+9ml sterile distilled water.                                                                                                                               

b) 4 ml+6 ml sterile distilled water.                                                                                                                          

c) 5 ml+5 ml sterile distilled water.                                                                                                                           

d) 5 ml+5 ml sterile distilled water.                                                                                                                                          

e) 5 ml+5 ml sterile distilled water.                                                                                                                

The extracted lime oil was diluted using dimethylsulphoxide (DMSO) into four different 

concentrations 20%, 10%, 5% and 2.5%; and stored at 4°C until further analysis. 
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In vitro testing for antimicrobial activity:                                                                                                                

The cup-plate agar diffusion method by Kavanagh® was adopted with minor modification to 

assess the antimicrobial activity of the prepared solvents. 0.2 ml of the standardized organism 

stock suspension 108-109 cfu /ml were thoroughly mixed with 20 ml of molten sterile nutrient 

agar which was maintained at 45°C and distributed into sterile Petri dishes. The agar was left to 

set and in each plate 4 cups (l0 mm in diameter) were cut using sterile cork borer (No.4) and the 

agar discs were removed. Alternate cups were filled with 0.1 ml of the solvent using automatic 

microliter pipette and allowed to diffuse at room temperature for 2 hours. The plates were then 

incubated at 37°C overnight. After incubation the diameters of the resultant growth inhibition 

zones were measured, and values were tabulated.                                                                                                    

Upon testing the synergistic activity of two solvents, 0.05 ml of solvent (1) + 0.05 of solvent (2) 

were added to the alternate agar cups with consequent pipette mixing.  
 

Results                                                                                                                                                                 
 

In 20% concentration, lime peel's oil was found to have the highest antibacterial activity (21 mm 

inhibition zone) against S. aureus; and S. para typhi B was the most resistant to lime peel's oil . 

Also, in 20% concentration, lime juice was found to have the highest antibacterial activity (25 

mm inhibition zone) against S. aureus, K. pneumoniae, and S. paratyphi B; and generally all 

isolates seem to have remarkable susceptibility to lime juice especially with higher 

concentrations (Table 1).                                                                                                                                        
 

Table (1): Susceptibility pattern of bacterial isolates                                                                                          

                   against lime peel's oil and lime juice  
 

Isolates  20% conc. lime peel's oil  20% conc. lime juice  

S. aureus Inhibition zone 21 mm Inhibition zone 25 mm 

P. aeruginosa Inhibition zone 18 mm Inhibition zone 22 mm 

K. pneumoniae Inhibition zone 20 mm Inhibition zone 25 mm 

S. typhi Inhibition zone 19 mm Inhibition zone 24 mm 

S. paratyphi B Inhibition zone 15 mm Inhibition zone 25 mm 

S. typhimurium Inhibition zone 16 mm Inhibition zone 23 mm 
 

 Sensitive: Inhibition zone more than 18 mm 

 Intermediate sensitive: 14-18 mm 

 Resistant: Less than 14 mm   
 

In 40% concentration, ciprofloxacin was found to have the highest antibacterial activity (35 mm 

inhibition zone) against S. aureus and S. para typhi B. Generally all isolates were either highly 

sensitive or intermediately sensitive to all ciprofloxacin concentrations used in this study.                            

Also, in 40% concentration, azithromycin was found to have the highest antibacterial activity (30 

mm inhibition zone) against S. aureus. S. paratyphi B and S. typhimurium were less susceptible 

and P. aeruginosa was the most resistant against azithromycin (Table 2).                                                                

In the combination of lime juice (100% and 75% concentrations) and ciprofloxacin (5% 

concentration),  S. paratyphi B, P. aeruginosa, and S. aureus were susceptible to the crude   
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(100%) concentration of lime juice and the remaining isolates showed intermediate susceptibility 

to both the 100% and 75% lime juice concentrations.        

Combination of lime juice and ciprofloxacin and combination of lime peel's oil and ciprofloxacin 

showed a high antimicrobial activity but no synergistic enhanced activity was recorded.                                                         

Also, combination of lime juice and azithromycin and combination of lime peel's oil and 

azithromycin showed no enhanced antibacterial activity. Combination of lime juice and lime 

peel's oil showed enhanced synergistic activity for S. aureus and P. aeruginosa.  

 

Table (2): Susceptibility pattern of bacterial isolates                                                                                          

                   against ciprofloxacin and azithromycin   
 

Isolates  40% conc. ciprofloxacin  40% conc. azithromycin   

S. aureus Inhibition zone 35 mm Inhibition zone 30 mm 

P. aeruginosa Inhibition zone 30 mm Inhibition zone 17 mm 

K. pneumoniae Inhibition zone 21 mm Inhibition zone 0 mm 

S. typhi Inhibition zone 27 mm Inhibition zone 20 mm 

S. paratyphi B Inhibition zone 35 mm Inhibition zone 21 mm 

S. typhimurium Inhibition zone 30 mm Inhibition zone 20 mm 
 

 Sensitive: Inhibition zone more than 18 mm 

 Intermediate sensitive: 14-18 mm 

 Resistant: Less than 14 mm   
 

Lime juice was found to have a more potent antibacterial activity than lime peel's oil against all 

tested organisms. Combination of lime juice and lime peel's oil with both antibiotics tested had 

no increased synergistic activity than synthetic antibiotics, except for S. typhimurium which 

showed a high sensitivity to the combination of lime peel's oil and azithromycin. Combination of 

lime peel's oil and lime juice showed a remarkable activity, especially with the pure lime juice. 

Regarding susceptibility of the isolates to the combination of lime juice and azithromycin,         

S. paratyphi B and K. pneumoniae were the most sensitive to this combination.                                                         

S. aureus and   P. aeruginosa come in the second place, showing a good sensitivity to the 100% 

crude concentration and an intermediate sensitivity to the 75% concentration of lime juice. S. 

typhi and S. typhimurium were the least sensitive, showing an intermediate to both juice 

concentrations.      

On the other hand, susceptibility of the isolates to the combination of lime peel's oil and 

azithromycin, showed that S. typhimurium was the most sensitive to this combination, and         

S. typhi was completely resistant.                                                                                                               

Furthermore, susceptibility of the isolates to the combination of lime peel's oil and ciprofloxacin 

ranged between intermediate sensitivity and complete resistance.                                                                     

Also, susceptibility of the isolates to the combination of lime peel's oil and lime juice showed 

that all isolates were sensitive to the crude (100%) lime juice concentration. Most of the isolates 

gave susceptibility with the 75% lime juice concentration, except for K. pneumoniae and                                    

S. typhimurium which showed an intermediate sensitivity.              
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Discussion                  

Even though pharmacological industries had produced a number of new antibiotics in the last 

decades, resistance to these drugs by microorganisms has increased. Thus, traditional structure of 

medicine is being practiced on many accounts.                                                                                                             

Medicinal plants are having great impact in the field of curing and prevention of diseases. In this 

study, while both juice and peel's oil of lime showed antibacterial activity; the juice exhibited 

more significant activity than the fair oil activity. In combination they showed a remarkable 

activity against some of the tested organisms.                                                                                                   

The findings of this study were in agreement with the studies reported below many workers.                                                                  

Sharma, et al5 reported that lime oil has antibacterial activities against B. cereus, E. coli, S aureus 

and S typhi.                                                                                                                                            

Krishnaraju and his colleagues reported that volatile oil of Citrus aurantifolia obtained from                                             

peels showed an antibacterial activity against E. coli, Proteus vulgaris, P. aeruginosa, S. aureus, 

while volatile oil obtained from leaves showed a high antibacterial activity against E. coli, 

Proteus vulgaris and S. aureus6.                                                                                                                 

Calixto and his co-workers7 found that lime juice has antibacterial properties against some                                              

Gram negative and some Gram positive bacteria.                                                                                        

Chanda8  and his co-authors reported that lime juice has the highest antibacterial effect among 

Bacillus spp, Staphylococcus aureus, Escherichia coli, and Salmonella spp, although its effect on 

the Gram positive organisms was found to be higher than that for Gram negative organisms.                                                                                                                                      

Neogi and his colleagues9 reported that Citrus aurantifolia leaf extract has an antibacterial 

activity against Klebsiella pneumonia, Pseudomonas sp, and Staphylococcus aureus.                                                     

Al-Jabri10  also reported that crude extract concentrate of C. aurantifolia showed an inhibitory 

activity against Shigella sp, E. coli, and Salmonella sp.                                                                                                                                                     

Sung and his colleges11 found that lime juice was very effective against V. cholerae by producing 

a high zone of inhibition, less effective towards Enterobacter, Citrobacter, and E. coli;  whereas 

it was ineffective against Shigella, Salmonella and Klebsiella species.  
Jafari and colleges12 reported that lime essential oil showed a potent antibacterial activity against 

Staph. epidermidis and B. subtilis.                                                                                                       

Lime juice has been found to have a high antimicrobial activity against Staphylococcus aureus, 

Enterococcus faecalis, Escherichia coli , Shigella flexneri , Salmonella paratyphi , Citrobacter 

spp , Serratia spp , Pseudomonas aeruginosa, and Klebsiella pneumonia. Lime peel's oil showed 

more antifungal activities than antibacterial activities; while lime juice has broad spectrum 

antimicrobial activities13.                                                                                                                                

Citrus aurantifolia has been proved to have broad spectrum antibacterial properties against 

organisms ranging from normal flora to opportunistic and pathogenic bacteria. Moreover, it has 

an activity on both Gram negative and Gram positive organisms.  

Recommendations: More in vivo and in vitro studies are needed to evaluate in depth the  

extent of all antimicrobial activities of lime juice and lime peel's oil. Such studies may be helpful 

in determining the actual potential usefulness of the plant Citrus aurantifolia. The consumption 

of lime in everyday life is required for prophylactic measures, and healthy living.                                                                                                                                                                                               
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Conclusion: The use of lime juice and lime peel's oil extracts in the treatment of bacterial 

infections is encouraging.  
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