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Abstract 

Background: Medicinal plants have been used for therapeutic goals. Around 80% of the 

population uses herbal medicines to treat medical problems especially infectious diseases. 

Extract of lemons peels is widely used in developing areas than in developed countries.                                                                                                                              

Objective: To assess the antimicrobial activity of methanolic extract of lemon peels against 

clinical bacterial isolates.    

Materials and methods: This study was conducted at the Department of Medical 

Microbiology, Al Neelain University (Khartoum, Sudan); during the period from  May to August 

2019, using standard microbiological methods. Lemon (citrus lemon) peels were collected from 

the Khartoum North market by an aromatic plant specialist. The antimicrobial analysis was 

performed using the agar well diffusion method. Standard strains of bacterial isolates were 

included. Methanolic extract of lemon peels were applied against Pseudomonas aeruginosa (P. 

aeruginosa), Staphylococcus aureus (S. aureus), Escherichia coli (E. coli), Klebsiella 

pneumoniae (K. pneumoniae) and Proteus vulgaris (P. vulgaris). Minimum inhibition 

concentration (MIC) was determined by the tube macro dilution broth method. The minimal 

bactericidal concentration (MBC) and phytochemical analysis were also determined.                                          

Results: The MIC of lemon peels extract was determined in 20 species of E. coli, 20 species of 

K. pneumoniae, 20 species of S. aureus, and 10 species of P. vulgaris. The MIC was 25 mg/ml 

against S. aureus, and 50 mg/ml against P. aeruginosa. The phytochemical analysis showed 

presence of tannins, glycosides, reducing sugars, and flavonoids.                                                               

Conclusion: Methanolic extract of lemon peels was highly effective against S. aureus, 

moderately effective against P. aeruginosa, and weekly effective against E. coli. 
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Introduction   
 

The problem of microbial resistance to the available antibiotics has made the use of traditional 

medicine very popular as a therapeutic natural agent. Lemon (citrus lemon) is an important 

medicinal plant since it contains much alkaloids that have anticancer activity and antibacterial 

action. Besides these activities, lemon can be used for treatment of skin problems, weight loss, 

indigestion, constipation, and eye conditions. Also, it can be employed in treatment of scurvy,  
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piles, peptic ulcer, respiratory disorders, gout, gum infection, and urinary disorders1.                          

Lemon peels should be made use of instead of throwing them as garbage that may increase the 

environment pollution. Lemon peels are rich in nutrients that can be used as drugs and as dietary 

supplements. Its products have less side effects, more available, and have an affordable cost. 

Since there is an increase in bacterial antibiotic resistance, there is always a search for alternative 

drug. The antimicrobial and antioxidant activity on lemon are associated with flavonoids and 

essential oil. Flavonoids (such as hesperidins and naringin) are beneficial nutrients that enhance 

the activity of white blood cells and boost the body’s defenses2.                                                                 

Essential oils found in lemon extracts include monoterpene, sesquiterpene, alcohols, aldehydes, 

ketones, and esters. Monoterpene has a higher antimicrobial activity than did hydrocarbons. 

Carbone and limonene have a wide spectrum of antifungal and antimicrobial activitiesy3.                

The aim of the study was to investigate the antimicrobial activity of the methanolic lemon (citrus 

lemon) peel extract against E. coli, S. aureus, P. aeruginosa, P. vulgaris, and K. pneumoniae.   
 

 

Materials and methods                                                                                                                  
 

This was an analytical study conducted at the Department of Medical Microbiology, Al Neelain 

University (Khartoum, Sudan); during the period from  May to August 2019, using standard 

microbiological techniques.  

Lemon (citrus lemon) peels were collected from the Khartoum North market by an aromatic 

plant specialist. The antimicrobial analysis was performed using the agar well diffusion method. 

Standard strains of bacterial isolates were included. The specimens were dried at room temp. for 

24 hours and stored until used.  

Preparation of the extracts: This was performed by crushing 80 g of lemon peels into fine powder 

using a mortar. The extracts of this powder was obtained by mixing with 80% methanol using 

Soxhlet apparatus. The duration of mixing was 10 hours. The solvents were evaporated under 

reduced pressure using a rotary evaporator; then extracts were left for air drying4.  

Filter paper disc diffusion method: A loopful of 3-4 colonies of the bacterial isolates and the 

standard control strains were inoculated into 2 ml peptone water and incubated at 37ºC 

overnight. The standard control strains were S. aureus (ATCC 29213), Proteus vulgaris 

(ATCC13315), E.coli (ATCC 25922), Klebsiella pneumoniae (ATCC 13883), and Pseudomonas 

aeruginosa (ATCC 27853). The bacterial suspensions were then adjusted with 0.5 Mc Farland 

turbidity standard. The filter paper disc diffusion method was used to determine the antibacterial 

activity of the extracts. This was performed by inoculation of Mueller Hinton agar. 100 μl of the 

bacterial suspension was swabbed uniformly on the surface of Mueller Hinton agar, and the 

inoculum was allowed to dry for 5 minutes. Sterile filter paper discs (Whatman, no 1 mm in 

diameter) were placed on the surface of the Mueller Hinton agar which was impregnated with a 

solution of extract. The inoculated plates were stored at 4°C for 2 hrs and then incubated at 37°C 

for 24 hrs in the inverted position. The result was read by measuring the inhibition zone and 

comparing that with ciprofloxacin inhibition zone. A zone more than 12 mm in diameter is 

considered sensitive5.                                                                                                                                    

Well diffusion method: The antimicrobial activity of lemon peels  extract and of the standard 

control bacterial strains were determined using different extract concentrations. The  
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concentrations of the extract were prepared by serial titration of the extract using (DMSO) 

solvent and distilled water. Final concentrations used were: 200 mg/ml, 100 mg/ml, 50 mg/ml, 

25 mg/ml and neat extract. Mueller Hinton agar plates were inoculated with 0.1 ml of each test 

organism using the spread plate method. Wells measuring 8 mm diameter were cut under aseptic 

conditions by sterile blue tips. Each well was filled with 20 μl extract of the different, prepared 

concentrations and refrigerated for 2 hours to allow proper diffusion. The plates were incubated 

in an upright position at 37°C for 24 hrs. The result was read by measuring the inhibition zone 

and comparing that with ciprofloxacin inhibition zone. A zone ˃12 mm is considered sensitive5.                                                                                                                                            

Minimum inhibition concentration method: The standard control bacterial strains and the 

bacterial clinical isolates were sub-cultured on nutrient agar plates and recovered to subculture 

again in peptone water and incubated at 37°C for 18 hrs. The subcultured peptone water growth 

was diluted with sterile peptone water to 108 cfu and resultant turbidity was compared with 0.5 

Mc Farland standard. Extract concentrations used were 200 mg/ml, 100 mg/ml, 50 mg/ml, 25 

mg/ml, and neat extract. 200 μl of this peptone water were added in multiple tubes to 200 μl of 

each extract and incubated at 37°C for 24 hrs. The minimum inhibition concentration was read 

by the lowest extract concentration where there was no bacterial growth.                                                

Minimum bactericidal concentration method: The minimum bactericidal concentration (MBC) of 

the extracts was determined by sub-culturing on nutrient agar all clear, no growth tubes resulting 

from the MIC method and incubating them for 18-24 hrs. The MBC was defined as the tube with 

the lowest extract concentration where there was no growth.                                                               

Phytochemical screening:  Phytochemicals screening were performed using standard methods. 

The technical experiments were repeated in triplicate to confirm the analysis findings:                                          

1. Test for saponins: One ml of aqueous extract was added to a little volume of distilled water in 

a test tube. The solution was shaken vigorously and observed for a persistent froth for 20 min.                                                                                                                                                        

2. Test for alkaloids: Two methods were used to test for alkaloids:                                                                      

a) First, 20 ml of ethanol extract were evaporated and the dry residue was dissolved in 5 ml HCl 

(2N) and filtered. A few drops of Mayer's reagent and Wagner were added. The presence of                          

a precipitate indicates the alkaloids.                                                                                                            

b) Second, 3 to 15 ml of the aqueous extract was added 2 ml of 10% NH4 OH. The alkaloid was 

extracted 3 times with 10 ml chloroform. The chloroform layer was washed 3 times with 2 ml of 

HCL (10%). This was divided into two portions. Mayer’s reagent was added to one portion and 

Wagner’s reagent to the other. The formation of a brown or white precipitate was regarded 

positive for the presence of alkaloids.                                                                                                                  

3. Test for sterols and steroids: Extracts were treated with chloroform and filtered. The filtrates 

were treated with few drops of concentrated sulphuric acid, shaken and allowed to stand. 

Appearance of a golden yellow colour indicates the presence of triterpene.                                                                       

4. Test for the phenolic compounds: 5 ml ethanol extract were added to 1 ml concentrated 

sulphuric acid and 0.5 g of Mg. A pink or red color that disappears on standing for 3 min. 

indicates the presence of flavonoids.                                                                                                                     

5. Test for tannins: Two methods were used to test for tannins.                                                                               

a) First, about 1 ml of the ethanol extract was added to 2 ml water in a test tube. 2 to 3 drops of 

diluted ferric chloride solution were added. Observe a green to blue-green or blue-black color. b) 

Second, 2 ml of the aqueous extract was added to 2 ml of water, and 1-2 drops of diluted ferric                                
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chloride solution were added. A dark green or blue-green color indicates the presence of tannins.             

6. Test for glycoside: 2 ml of concentrated sulphuric acid were added and shaken gently. A 

reddish brown colour indicates presence of a ring in the eglycone portion of the glycoside . 

Results  
 

The antibacterial activity of lemon peel- extracts was determined in vitro, using the disc 

diffusion, well diffusion, minimum inhibitory concentration and minimum bactericidal 

concentration methods against human pathogenic bacteria. Active ingredients in the extracts of 

lemon peel was determined by phytochemical screening techniques. 

The filter paper impregnated method doesn’t show any inhibition zone for any bacterial strain 

tested in all concentrations of the lemon peel extract dissolved in distilled water or in DMSO. 

The antimicrobial activity of 100 mg/ml lemon peel extract concentrations was performed by 

dissolving the extract in dimethyl sulfoxide (DMSO) and compared with the antibiotics 

ciprofloxacin, tetracycline, ampicillin, and vancomycin. The resulting different inhibition zones 

are shown in Table (1).   
 
 

 
 

Table (1):  Antibacterial activity of the lemon peel extract and the antibiotics                                                 

used against the bacterial species investigated 
   

Bacterial species  Lemon extract Ciprofloxacin Tetracycline Ampicillin Vancomycin   

Inhibition zones (mm) 

S. aureus  25 22 20 29 12 

E. coli 16 24 21 15 10 

P. aeruginosa  20 20 20 19 10 

K. pneumoniae   0 18 17 20 9 

P. vulgaris  0 20 19 18 11 
 

Methanolic extract of lemon peels was found highly effective when dissolved in DMSO against 

S. aureus, moderately effective against P. aeruginosa, and weekly effective against E. coli. 

However, it was found not effective against K. pneumoniae, and  P. vulgaris. The antibacterial 

activity of different lemon peels extract concentrations (200 mg/ml, 100 mg/ml, 50 mg/ml, 25 

mg/ml) against the bacterial species investigated is shown in Table (2).  
 

Table (2): The antibacterial activity of different lemon peels extract                                                         

concentrations against the bacterial species investigated 
   

 

Bacterial species    

 

Lemon peels extract concentrations  

 200 mg/ml 100 mg/ml 50 mg/ml 25 mg/ml 

S. aureus  Inhibition  Inhibition  Inhibition  Inhibition  

P. aeruginosa  Inhibition  Inhibition  Inhibition  Turbid 

E. coli Inhibition  Inhibition  Turbid Turbid 

K. pneumoniae   No inhibition  No inhibition  No inhibition  No inhibition  

P. vulgaris No inhibition  No inhibition  No inhibition  No inhibition  
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Phytochemical screening of lemon peels extract showed a positive reaction for tannins, reducing 

sugars, and flavonoids; and it showed a negative reaction for glycosides, saponins, and 

phlabotannins. 

Discussion    
 

Herbal medicines are useful and available resources for primary health care and complementary 

health care systems. Undoubtedly the plant kingdom still contains many species of plants with 

undiscovered constituents of medicinal value. Large numbers of plants are constantly being 

screened for their antimicrobial effect. Many plants proved to be a rich source of compounds 

with antimicrobial activities, and require pharmacological investigations.  

In this study, The phytochemical analysis was responsible for the identification of 

components which are responsible for antimicrobial activity of lemon peels extract, thus this 

traditional medicine can be used as a potential source of drugs against various diseases. 

The phytochemical analysis showed similar findings as those reported by Ali and his 

colleague6 who reported that the lemon peel extract contains a high presence of 

phytochemicals.                                                                                                                                                    

On the other hand, the findings of this study supports the findings of Karteek and his co-

workers7 who reported that the methanolic extract of the lemon peels extract was found to 

possess promising antimicrobial activity when compared with the standards.                                       

Conclusion: Methanolic extract of lemon peels was highly effective against S. aureus, 

moderately effective against P. aeruginosa, and weekly effective against E. coli. 
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