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A B S T R A C T 

 
 
Introduction: This study aimed to evaluate minimum inhibitory concentration (MIC) 
and minimum bactericidal concentration (MBC) of lemon fruit (Citrus limon) extract 
in inhibiting Salmonella typhi growth in vitro. 
 
Methods: This research was categorized as a laboratory experimental study. Lemon 
fruit (Citrus limon) extract was prepared with concentration as follows: 100.000 ppm, 
50.000 ppm, 25.000 ppm, 12.500 ppm, 6.250 ppm, 3.125 ppm, 1.562 ppm, 781 ppm, 
and 390 ppm. Dilution tests with Mueller-Hinton broth medium were performed to 
determine the MIC. After 24 hours of incubation, isolated Salmonella typhi inside the 
tube was inoculated back in MacConkey agar plate medium to determine the MBC. 
Replications were conducted 3 times according to Federer’s formula. 
 
Results: MIC of lemon fruit (Citrus limon) extract to Salmonella typhi was determined 

at 3.125 ppm. Meanwhile, MBC was determined at 6.250 ppm. 
 
Conclusion: This study showed the potential antimicrobial effect of lemon fruit 

(Citrus limon) extract against Salmonella typhi in-vitro. Further studies are still 
needed to determine its efficacy and safety in vivo and also its full antibacterial 
spectrum. 
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Introduction 

 
Salmonella typhi is a bacteria that belongs to 

Enterobacteriaceae family, which is a large group of gram-

negative rod bacteria.1 Salmonella typhi is transmitted to 

humans through the faecal-oral route, human to human 

contact, or through contaminated food and beverages.2 

Infections caused by Salmonella typhi conditions often 

cause serious and life-threatening illness. Salmonella typhi 

causes at least 21 million infections and approximately 

200.000 deaths annually.3  

Chloramphenicol has been the drug of choice for 

Salmonella infections due to either typhoid or non-typhoid 

since 1948. Chloramphenicol has reduced deaths from 

typhoid from 20% to less than 1% and reduced the duration 

of fever 2-4 weeks to 4-5 days.4 These are some reasons 

why chloramphenicol has been the primary choice for 

Salmonella infections since long ago.4 

Chloramphenicol has excellent cellular penetration 

and it makes chloramphenicol can be widely distributed in 

the body4. However, it turns out that chloramphenicol also 

has side effects that could be dangerous. The use of 

chloramphenicol can cause effects such as bone marrow 

suppression and the most feared effect is aplastic anemia4. 

Moreover, lately it is known that Salmonella typhi has 

fluoroquinolone-class-of-antibiotic resistance, and there is 

also a significant increment in resistance of Salmonella 

typhi towards nalidixic acid.5 These things lead to the need 

for an alternative antibiotic treatment for diseases caused 

by Salmonella typhi infection. 

Lemon fruit (Citrus limon) belongs to Rutaceae family. 

Lemon fruit extract is believed to have potential in the field 

of medicine. Some studies show that lemon fruit extract has 

antioxidant activity, antifungal, and antibacterial effect.6 

The content of chemical compounds from a lemon that has 

activity as mentioned above include flavonoids and linalool. 

In other researches about the sensitivity test of Lime 

(Citrus aurantifolia) extract to Salmonella typhi, it was 

proven that the lime juice on all treatments inhibit the 

growth of Salmonella typhi6.  Meanwhile, no other study 

ever found the antimicrobial potency of lemon fruit extract. 

This study aimed to find the potency of antimicrobial 

effect of lemon fruit (Citrus limon) extract towards 

Salmonella typhi. For knowledge and science, this 

research is expected to provide scientific information about 

the effectiveness of lemon fruit (Citrus limon) extract 

against Salmonella typhi bacteria. For professional 

application, this research is expected to answer whether 

lemon fruit extract can be used as an alternative treatment 

for Salmonella typhi bacteria or not. 

 
Methods 

This study was categorized as a laboratory 

experimental study, designed to measure the antibacterial 

activity of lemon fruit extract in inhibiting the growth of 

Salmonella typhi bacteria using dilution method in vitro to 

know the MIC and MBC result. Sample of Salmonella typhi 

bacteria was obtained from Microbiology Laboratory, 

Faculty of Medicine, Universitas Airlangga, Surabaya. 

Meanwhile, the sample of lemon fruit extract was made at 

Pharmacognosy Laboratory, Faculty of Pharmacy, 

Universitas Airlangga, Surabaya. 

First of all, lemon fruit extract was needed to be 

prepared. It started with fresh lemon fruit that had been 

peeled from its skin as much as 455 grams. Lemons that 

had been prepared then were squeezed through a filter into 

a container. Freshly squeezed lemon juice then soaked 

with 96% ethanol for 24 hours. After the soaking process 

was completed, then the filtering process was done. The 

result of the filtration then soaked and filtered again in a 

similar manner. After 3 rounds of soaking and filtration 

during 3x24 hours, obtained liquid extract was 

concentrated by using a rotary evaporator. The result was 

then obtained lemon fruit extract concentrated and ready to 

be used as experimental materials. 

As many as 11 tubes filled with Mueller-Hinton broth 

medium were prepared. Each media was labelled M1 

through M9, as well as two control tubes, the K+, and K-. 

Then, setting up the M1 as initial dilution media. Media M1 

was filled with 1 mL of the lemon fruit (Citrus limon) extract 

with the highest concentration of 100.000 ppm. Those 

steps were continued respectively until media M9 was filled 

with dilution predetermined concentration and ensured that 

each media volume was equal to any other. 

K- tube as the negative control, the media was filled 

with extracts of lemon (Citrus limon) concentration of 

100.000 ppm. K+ tube as the positive control was filled only 

with a suspension of Salmonella typhi bacteria. All media 

were incubated for 24 hours at a temperature of 37°C. Then 

MIC value was determined. After that, the liquid dilution test 

in Mueller-Hinton medium broth was streaked to 

MacConkey agar plate to determine the value of MBC. 

Streaking results were then incubated for 24 hours at a 

temperature of 37°C. 

 
 
Results 

 
MIC was visually being observed by comparing each 

tube with the negative control tubes. MIC was determined 

from the least lemon fruit extract concentration, it was 

needed to make the tubes clear. The turbidity from each 

tube indicated that there was a Salmonella typhi growth in 

the tubes. In this research, it is shown that M1, M2, M3, M4, 

M5, and M6 have the same clarity as negative control tubes 

(K-). Meanwhile, M7, M8, and M9 have turbidity which is 

the same as positive control tubes (K+). Therefore, the MIC 

for this research was determined at tube M6, which is 

valued at 3.125 ppm. 

These are the results for dilution test to determine the 

MIC of lemon fruit extract to Salmonella typhi. 
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Figure 1. Dilution test in Mueller-Hinton broth to determine MIC. 
 

Table 1. Results of the dilution test. 

Replication                            Lemon Fruit Extract Concentration   Control 

100.000 
ppm 
(M1) 

50.000 
ppm 
(M2) 

25.000 
ppm 
(M3) 

12.500 
ppm 
(M4) 

6.250 
ppm 
(M5) 

3.125 
ppm 
(M6) 

1.562 
ppm 
(M7) 

781 
ppm 
(M8) 

390 
ppm 
(M9) 

+ - 

1 x x x x x x o o o o x 
2 x x x x x x o o o o x 
3 x x x x x x o o o o x 

Source: Research data, processed    Information 
x : Clear, bacteria inhibited 
o : Turbid, bacteria non-inhibited 

 

Meanwhile, determination for the MBC of lemon fruit 

extract was performed by inoculating suspension in each 

tube into MacConkey agar plate and see if there are any 

growth from Salmonella typhi after incubated for 24 hours 

in 37oC temperature. 

As we can see in figure 2, MBC was visually observed 

from the culture to see if there was any growth of bacteria.  

 

From the experiment, it is found that M6, M7, M8, and M9 

plates have Salmonella typhi growth in it, meanwhile in M1, 

M2, M3, M4, and M5 plates there are no signs of any 

bacteria growth. From the table below we can conclude that 

from each replication we find same data. The MBC was 

determined at 6.250 ppm in the M5 plate. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Streaking the dilution results on blood agar plates in replication 1 to find the MBC. 
 

Table 2. Results of the streaking test.. 

Replication                          Lemon Fruit Extract Concentration   Control 

100.000 
ppm 
(M1) 

50.000 
ppm 
(M2) 

25.000 
ppm 
(M3) 

12.500 
ppm 
(M4) 

6.250 
ppm 
(M5) 

3.125 
ppm 
(M6) 

1.562 
ppm 
(M7) 

781 
ppm 
(M8) 

390 
ppm 
(M9) 

+ - 

1 - - - - - + + + + + - 
2 - - - - - + + + + + - 
3 - - - - - + + + + + - 

Source: Research data, processed   Information 
- : There is no growth of Salmonella typhi 
+ : There is a growth of Salmonella typhi
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Discussion 

The biological activity associated with the antibacterial 

properties of lemon is probably related to the total 

polyphenols and flavonoids contained in a lemon. In 

several previous studies, total polyphenols and flavonoids 

contained in a substance were shown to affect the 

antimicrobial activity.7 

Flavonoids are phenolic substances which have the 

effect of therapeutic potential against microorganisms. The 

basic structure of flavonoids consists of 15 carbon atoms, 

and 3 rings consist of 2 benzene rings connected by a 

three-carbon chain. Some types of flavonoids are usually 

found in plants which are considered as a good deterrent 

against free radicals and oxidative stress in vivo.8 

Flavonoids can form complexes with extracellular protein, 

fat-soluble protein, and the bacterial cell wall. It also has 

lipophilic nature that can damage the membranes of 

microbes.9 Flavonoids are also a highly effective 

disinfectant and inhibit bacterial growth because flavonoids 

are polar, making it easier to penetrate the peptidoglycan 

layer. 

Upon successful login, flavonoids work immediately to 

destroy bacteria by initializing the denaturation of proteins 

which can cause bacterial cell metabolic activity stops. This 

is because all of the metabolic activity of the bacterial cell 

of Sallmonella typhi are catalyzed by enzymes formed by 

proteins. Cessation of metabolic activity will result in 

bacterial cell death.10 The absence of this protein as an 

enzyme ultimately caused the death of Salmonella typhi. 

Meanwhile, the substance of linalool is known to have 

a specific employment targets lipopolysaccharide. So it can 

be said that linalool specifically works on 

lipopolysaccharide in the bacterial membrane. Linalool 

causes the membrane potential depolarization takes place 

more rapidly to inhibit the synthesis of proteins, DNA, and 

RNA. This will then lead to bacterial cell death.11 Linalool 

which is a derivative of phenol also has a target site at the 

cell membrane. Linalool killing power is due to phenol 

precipitate active protein and cell membrane damage by 

lowering the surface tension6. 

During this time chloramphenicol has become one of 

the major therapeutic agents in the treatment of infections 

due to Salmonella typhi. Chloramphenicol is an inhibitor of 

microbial protein synthesis and has a reversible bonding 

compound on bacterial ribosomal subunit and inhibits the 

peptidyl transferase stage in protein synthesis. 

Chloramphenicol is a broad-spectrum antibiotic 

bacteriostatic and is active against gram-negative and 

gram-positive, both aerobic and anaerobic.4 

By those working mechanisms of chloramphenicol, it 

can be said that the lemon fruit extract and chloramphenicol 

have a similar mechanism of action by blocking the action 

and protein synthesis in Salmonella typhi bacteria. It could 

also mean that the active compounds in the lemon fruit 

extract have antibacterial mechanism that has not been 

recognized previously by Salmonella typhi, so that these 

bacteria remain sensitive to lemon extracts. Although it has 

been widely used as primary therapy for infectious 

diseases caused by Salmonella typhi, chloramphenicol 

also has side effects that could be dangerous. The use of 

chloramphenicol can cause effects such as bone marrow 

suppression and the most feared is aplastic anemia.4 

Based on this study, it can be said that the lemon fruit 

extract may be an alternative in the medical world as a 

treatment for infections caused by Salmonella typhi. Of 

course, with further research both clinically and non-

clinically. Further studies are needed to determine the 

effect of lemon fruit extract against Salmonella typhi in vivo 

in to make sure whether it can be accepted as an 

alternative therapy in medicine. Further research is also 

necessary to know the side effects of lemon fruit (Citrus 

limon) extract in vivo. Lastly, similar research should also 

be done but with a wider variety of bacteria known to be the 

antibacterial spectrum of the lemon fruit (Citrus limon) 

extract. 

 
 
Conclusion 

 
Lemon fruit (Citrus limon) extract is effective in 

inhibiting the growth of Salmonella typhi, with MIC of 3.125 

ppm and MBC of 6.250 ppm. 
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