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Abstract  

Introduction: Raising antibiotic resistance has led the human community to more frequent 

application of herbal medicines. The tomato fruit, scientifically called Lycopersicon esculentum mill, is 

an important source of vitamins, minerals, and antioxidants, all with beneficial effects on human health. 

The present study aimed to evaluate the antibacterial effects of tomato aqueous extract on four important 

bacterial species associated with gastrointestinal infections. 

Materials and methods: After preparing the aqueous extract of native tomato, its minimum inhibitory 

concentration (MIC) was determined against Staphylococcus aureus (S. aureus) (ATCC116538), Klebsiella 

pneumonia (K. pneumonia) (ATCC700603), Shigella flexneri (S. flexneri) (ATCC12022), and Proteus 

vulgaris (ATCC6380) species using the microdilution broth method based on the Clinical and 

Laboratory Standards Institute (CLSI) guidelines. Each of the experiments was repeated three times.  

One-way Analysis of Variance (ANOVA) was used for examining normal variables.  

Results: The results of this study showed that the most significant effect of the tomato extract is on S. 

aureus. The MIC of tomato extract for S. aureus was 31.25 mg/ml, while for Proteus vulgaris, K. 

pneumoniae, and S. flexneri was 62.5 mg/ml. The mean MIC of the extract was significantly different 

between the studied bacteria (P < 0.05).  

Conclusion: The current study revealed a relatively significant antibacterial effect of tomato extract against 

different bacterial species and more studies are needed in this area 
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Introduction 

Infectious diseases are among the most 

common infections worldwide, incurring 

huge costs on human societies. While the 

synthesis of antibiotics has been a vital 

contributor to the treatment of infectious 

diseases in recent decades, antibiotic 

resistance problems in bacteria have led the 

human community to a more frequent 

application of herbal medicines (1). The 

increasing consumption of medicinal herbs 
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for the treatment of diseases in Iran can be 

attributed to their fewer side-effects 

compared to chemical drugs and the suitable 

climatic and geographic conditions of the 

country for the cultivation of various 

medicinal plants. Medicinal herbs are the 

primary source of pharmaceutical products 

worldwide. With more than 7,500 plant 

species, Iran is one of the main areas of 

biodiversity and the natural habitat of over 

900 medicinal herbs (2). 

Among medicinal herbs, tomato 

(Lycopersicon esculentum mill), known 

primarily as a fruit in human food basket, has 

been suggested as a new field of research. 

Advances in medicine, botany, agriculture, 

and traditional medicine have demonstrated 

the medicinal properties of this herb (3). 

Scientists have proposed numerous 

therapeutic properties for the tomato upon 

discovering compounds, such as carotenoids 

(especially lycopene), ascorbic acid, vitamin 

D, folate, flavonoids, potassium, solanine, 

saponin, and other compounds in this fruit. 

Among medicinal benefits, it is supposed that 

tomato reduces risks of cancer, particularly 

lung and prostate cancers, and cardiovascular 

diseases, as well as analgesic properties, 

especially for joint pain, kidney stone, and 

mouth diseases (4-6). Despite numerous 

studies on therapeutic properties of tomatoes, 

an inquiry into international research data 

banks shows that investigations on 

antibacterial effects of this fruit is still a 

matter of debate and more researches need to 

be done. On the other hand, according to the 

Food and Agriculture Organization (FAO) of 

the United Nations, Iran is among the first ten 

country of tomato producers and consumers. 

Then, the plant is of a high economic 

significance in Iran (7).  

Hence, discovering antibacterial effects of 

this native herb may encourage the 

pharmaceutical industry to use it in the 

production of antimicrobials. One of the 

methods to use medicinal plants, especially 

the tomato, is to extract the plant (8). Some 

studies have shown that the tomato extract 

contains a variety of active bio-substances, 

such as gamma-aminobutyric acid, lycopene, 

and other compounds. These components 

have revealed anticancer and antioxidant 

properties and are contributory to the 

reduction of cardiovascular disease, mental 

disorders, osteoporosis, and harmful 

cholesterol to the body. They can also 

prevent constipation, inhibit the formation of 

kidney and bile stones, and improve skin and 

hair health (9, 10). The present study aimed 

to investigate the antibacterial effects of 

native tomato extract of Iran on four 

important bacterial species associated with 

gastrointestinal infections. 

Materials and methods  

Preparation of the extract 

The aqueous method was used to prepare 

the tomato extract. Three kilograms of fresh 

tomato (Lycopersicon esculentum mill) 

native to Birjand (South Khorasan province, 

Iran) were collected, washed and mixed 

with a blender. Then, it was filtered through 

a cloth filter. The filtered tomatoes were put 

in a freezer at -80 °C. In the next stage, the 

filtered tomatoes were split into four dishes 

of the Freeze Dryer apparatus (Dena Vacuum 

Industry, model FD-5005-BT, Iran) to   initiate 

the extraction process at -45 °C. 

Experimental design 

This study was conducted in Birjand 

University of Medical Sciences, Birjand, 

Iran (Ethics code: 

Ir.BUMS.REC.1395.163). An experimental 

study was performed to evaluate the 

antibacterial effects of tomato extract on 

four bacterial species associated with 

common gastrointestinal infections, 

including the standard strains of S. aureus 

(ATCC 116538), K. pneumonia (ATCC 

700603), Shigella flexneri (ATCC 12022), 

and Proteus vulgaris (ATCC 6380). These 
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strains were obtained from Microbial 

Collection Department of Pasteur Institute of 

Iran. 

Determining the minimum inhibitory 

concentration of growth 

In this study, the minimum inhibitory 

concentration (MIC) of the tomato extract 

for the four standard bacterial species was 

investigated by the microdilution broth 

method. MIC is defined as the lowest 

concentration of the extract that inhibits the 

bacterial growth in a bacterial suspension. 

The method was conducted based on the 

Clinical and Laboratory Standards Institute 

(CLSI) guidelines (11). In brief, in the 

microdilution broth method, an 18-hour 

culture of the bacterium was done on the 

Muller Hinton Agar medium (Merck Co., 

Germany) for isolation of bacterial colonies. 

Then, a bacterial suspension equivalent to 

0.5 McFarland's standard (1.5*108 

CFU/mL) was prepared in physiological 

serum. Suspensions with a final 

concentration of 5 × 105 (dilution in the 

Muller Hinton Broth medium) were added 

to the tomato extract dilution sera in a 96-

well microplate. Afterward, the microplate 

was placed on a shaker for 30 seconds until 

a perfect uniform mixture was obtained. The 

optical absorption was then read using an 

ELISA reader device in 620 nm wavelength. 

The plates were incubated at 37 °C for 24 

hours. After the incubation period, the 

presence of spots in wells was examined by 

naked eyes, and the ELISA reader device 

measured the optical absorption. It should 

be noted that a broth culture medium 

containing only the extract was used as a 

negative control, and the bacterial 

suspension in the culture environment 

without the extract was taken as a positive 

control. 

The obtained data were analyzed using 

SPSS.v.18. One-way Analysis of Variance 

(ANOVA) was used for examining normal 

variables. The significance level was 

considered when P values were less than 

0.05. 

 Results 

The results of this study showed that the 

highest antibacterial effect of tomato extract 

was on S. aureus with MIC value of 31.25 

mg/mL. There was a significant difference 

between the MIC of tomato extract among 

the studied bacteria (P < 0.05). The MIC 

values of tomato extract for four studied 

bacteria are shown in Table 1. 

 
Table 1. Results of the antimicrobial effect of the 

aqueous extract of tomato. 

Bacteria MIC (mg/ml) P-Value 

S. aureus 31.25 P < 0.05 

S. flexinari 62.5 P < 0.05 

K. pneumoniae 62.5 P < 0.05 

P. vulgaris 62.5 P < 0.05 

The data were analyzed by ANOVA, and the different 

letters indicate statistically significant difference (P < 

0.05). 

Discussion 

This study aimed to investigate antibacterial 

effects of tomato extract on four important 

bacterial species associated with 

gastrointestinal infections. The results 

indicated that the extract of the tomato native 

to the Southern Khorasan region has a 

relatively significant antibacterial effect. 

According to these results, the highest 

susceptibility to the aqueous tomato extract 

was found for S. aureus, and the lowest 

antibacterial effect of this extract was 

observed identically in P. vulgaris, S. 

flexneri, and K. pneumoniae. These findings 

confirmed the results of previous studies 

concerning the antimicrobial effects of 

tomato extract. In a study conducted by 

Pavlovic et al. on antimicrobial effects of 

ethanolic extraction of tomato by the 

microdilution method, the results showed 

that the extract had the highest impact on 

Aspergillus niger (MIC, 19.53 μg / ml), 
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Bacillus subtilis and S. aureus (MIC, 39.1 μg 

/ ml) from among the eight bacterial and 

fungal strains (12). In another study, 

phytochemical, antioxidant, antimicrobial, 

and anti-inflammatory effects of aqueous 

tomato extract were investigated against 

Streptococcus pneumoniae, S aureus, 

Escherichia coli, Proteus mirabilis, and 

Pseudomonas aeruginosa by dilution 

method. The results showed that the MIC of 

the tomato extract for S. pneumoniae, S. 

aureus, E. coli, P. mirabilis, and P. 

aeruginosa was comparable to the antibiotic 

ciprofloxacin (13). The results of these 

studiesare not consistent with our findings. 

This difference can be related to the indignity 

of the tomato strain, the type of extract, and 

the type of standard bacterial strain examined 

in our study. AL-Oqaili et al. compared the 

antibacterial effects of tomato extract in the 

forms of aqueous and diluted honey extracts 

on a set of pathogenic bacteria, such as P. 

aeruginosa, Acinetobacter spp., and E coli. 

The results showed that the anti-bacterial 

effect of tomato diluted with honey is higher 

than that of the aqueous extract for all the 

studied strains (14). 

Despite the antibacterial effects of tomato 

extract native to the southern Khorasan 

region, the question is which of its 

compounds is associated with the 

antimicrobial effects? Studies have shown 

that the tomato is among the herbs whose 

antimicrobial and anti-inflammatory effects 

may be due to the presence of lycopene, 

diphenesin-like protein, gamma-thionine, 

and lipid transfer-like proteins (15-17). 

Aiming to find antimicrobial peptides in 

extracts of the rapeseed leave (canola strain), 

Tomato solanum, and Tetragonia 

tetragonioides (New Zealand spinach) via 

mass spectrometry, Neubauerova et al. 

showed two proteins (NP24 and TPM-1) with 

antimicrobial activity in water-loving part of 

tomatoes (18). In another study, lycopene 

was isolated from tomatoes to test its 

antimicrobial effect against Bacillus subtilis. 

The study showed that lycopene can be a 

significant contributor to anti-bacterial 

effects of this fruit (19). Considering 

inconsistent findings of previous studies 

regarding the role of different compounds of 

tomato in inducing its antimicrobial effects, it 

seems that conducting more detailed 

researches on this field is helpful. 

Furthermore, it is supposed that the cytotoxic 

effects of the tomato extract might be usable 

for clinical application. The purification and 

use of antimicrobial compounds of Iranian 

tomato can ultimately be used as supplements 

in native mouthwashes or as additives in 

traditional healthy foods. 

 

Conclusion 

Native tomato grown in Southeast of Iran has 

relatively significant antibacterial effects and 

more studies are needed in this area. 
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