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Abstract 

The importance of boron for human life is increasing day by day, and its 

usage areas are gradually expanding thanks to developing science and technology. In 

the present study, the antimicrobial effects of ammonium borate, lithium metaborate 

dehydrate, and potassium tetraborate were investigated. Kirby Bauer Disc diffusion 

method was used to determine the antimicrobial effect. In the study, streptomycin 

standard discs were used as the positive control. Boron compounds showed an 

antimicrobial effect on Enterococcus faecalis (ATCC 29212), Streptococcus 

pyogenes (ATCC 19615), Pseudomonas aeruginosa (ATCC 27853), Enterobacter 

aerogenes (ATCC 13048), Escherichia coli (ATCC 35218), Proteus mirabilis 

(ATCC 7002), Candida tropicalis (ATCC13803), Citrobacter freundii (ATCC 

8090), Bacillus subtilis (ATCC6633), Burkholderia cepacia (ATCC25608). In 

conclusion, our results showed that these boron compounds may be used as 

antimicrobial agents. 

. 
 

 
1. Introduction 

 

Boron, the 5th element of the periodic table, is a 

naturally occurring element. Boron is an essential 

element primarily for plants and some animals and is 

present in low concentrations in human and animal 

tissues [1]. Boron forms compounds called borates 

with oxygen and other elements [2]. Borates are 

widely used in many industries, such as electricity, 

computers, energy, textiles, pharmaceuticals, and 

cosmetics [3]. In addition, the effects of borates on 

vitamin D metabolism [1], some enzymes such as 

aldehyde dehydrogenase and cytochrome b5 

reductase [4], hormones such as insulin, T3, T4 [5], 

energy substrates such as triglycerides and glucose [6] 

and reactive oxygen species [7] have been shown. On 

the other hand, boron has low toxicity for humans and 

is used in the treatment of some diseases, such as 

cancer [8]. It has been reported in studies that some 

bacteria synthesize boron-containing antibiotics that 

improve their protection systems [9]. Boromycin, 

Aplasmomycin, and Tartrolone are boron-containing 

antibiotics synthesized by bacteria, and it has been 

reported that Boromycin strongly inhibits HIV-1 
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replication as well as RNA, DNA, and protein 

synthesis. It has been reported that boron will have an 

important place in the treatment of AIDS in the future, 

as this antibiotic has a strong effect against HIV [10, 

11, 12]. Aplasmomycin is synthesized by 

Streptomyces griseus and has been reported to be 

particularly effective on gram-positive bacteria [13]. 

Tartralone was isolated from Streptomyces species 

and showed an effect on gram-positive bacteria [14].    

Today, many boron compounds are synthesized 

by various laboratories, and the interest shown in the 

biological activities of these compounds is increasing 

day by day. Studies examining the antimicrobial 

activities of boron compounds are limited in the 

literature. In this context, the antimicrobial effects of 

potassium tetraborate (PTB), ammonium borate 

(ABB), and lithium metaborate dihydrate (LMBDH) 

were investigated in the presented study. 

 

2. Material and Method 

 
In this study, the following bacteria and yeast isolates 

from the culture collection of Bitlis Eren University 

Medical Microbiology Laboratory were used, and 
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antimicrobial activities against the isolates were 

tested using the Kirby Bauer disk diffusion method. 

 

2.1 Test Microorganisms and Growth Conditions 

Enterococcus faecalis (ATCC 29212), Streptococcus 

pyogenes (ATCC 19615), Pseudomonas aeruginosa 

(ATCC 27853), Enterobacter aerogenes (ATCC 

13048), Escherichia coli (ATCC 35218), Proteus 

mirabilis (ATCC 7002), Candida tropicalis 

(ATCC13803), Citrobacter freundii (ATCC 8090), 

Bacillus subtilis (ATCC6633). Bacterial isolates were 

activated in Mueller Hinton Broth (OXOID), and 

yeast fungi were inoculated into SD Broth (DIFCO) 

broth and incubated for 24 hours at 35±2 °C. To 

prepare stock solutions, a second dose was inoculated 

into liquid media. After 24 hours of incubation, stock 

solutions were obtained at 0.5 McFarland turbidity for 

1-1.5 x 108 (CFU/ml) cells. Bacteria Mueller Hinton 

Agar (OXOID), and yeast fungus Sabouraud 

Dextrose Agar (OXOID) were left on the media with 

100 µl and applied with a glass baguette and waited 

for 15 minutes to dry. 

 

2.2 Disk diffusion method 

  20 µl of the solution prepared with 32 mg/ml 

distilled water of all boron compounds used in the 

study was absorbed into 6 mm diameter sterile paper 

discs (Whatman No: 3). Test microorganisms were 

adjusted to concentration according to McFarland 0.5 

(108 cfu/ml) and inoculated on Mueller-Hinton Agar 

(Oxoid). Afterward, the discs were dried at room 

temperature and in a sterile environment and placed 

at regular intervals under aseptic conditions. Purified 

water was used in the preparation of boron 

compounds and purified water was used as negative 

control. Streptomycin antibiotic discs (10 g) were 

used as positive control [19, 20]. 

 

2.3 Mueller- Hinton agar Media preparation 

        General Formula 

        Peptone   17.5 g/l 

        Beef infusion solids  2.0 g/l 

        Starch    1.5 g/l 

        Agar              17.0 g/l 

        Final pH                             7.3 ± 0.1 at 25 oC. 

        

Mueller-Hinton agar was made according to the 

manufacturer's recipe (Scharlab). 38 g of powder was 

added to 1 L of distilled water and brought to a boil to 

dissolve the medium completely. Then, sterilize by 

autoclaving at 121 oC for 15 minutes. 

 

2.4. Preparation of boron solutions 

 

The PTB, ABB, and LMBDH were synthesized for 

our previous studies [15-17]. These compounds were 

dissolved in ultra-pure water. Concentrations were 

prepared at 32 mg/ml [18]. 

 

 

 

 

Table 1. Antimicrobial effects of PTB. 
Microorganism PTB 

(32mg/ml) 

Zone 

Diameter 

(mm) 

Streptomycin Zone 

Diameter 

(mm) 

E. faecalis - - + 36 

S. pyogenes - - + 40 

B. subtilis + 9 + 35 

P.aeruginosa + 9 + 31 

E. aerogenes - - + 30 

E. coli + 10 + 34 

P. mirabilis - - + 35 

C. freundii - - + 32 

C. tropicalis + 8  31 

                               (+ : there is a zone of inhibition , - : no zone of inhibition) 

 

Table 2. Antimicrobial effects of AAB. 
Microorganism ABB 

(32mg/ml) 

Zone 

Diameter 

(mm) 

Streptomycin Zone 

Diameter 

(mm) 

E. faecalis - - + 36 

S. pyogenes - - + 40 

B. subtilis + 10 + 35 
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P.aeruginosa + 8 + 31 

E. aerogenes + 10 + 30 

E. coli + 9 + 34 

P. mirabilis - - + 35 

C. freundii + 8 + 32 

C. tropicalis + 7 + 31 

     (+ : there is a zone of inhibition , - : no zone of inhibition) 

 

Table 3. Antimicrobial effects of LMBDH 

Microorganism LMBDH 

(32 mg/ml) 

Zone 

Diameter 

(mm) 

Streptomycin Zone 

Diameter 

(mm) 

E. faecalis - - + 36 

S. pyogenes - - + 40 

B. subtilis + 9 + 35 

P.aeruginosa - - + 31 

E. aerogenes + 8 + 30 

E. coli - - + 34 

P. mirabilis - - + 35 

C. freundii - - + 32 

C. tropicalis + 10 + 31 

     (+ : there is a zone of inhibition , - : no zone of inhibition) 

 

 

3. Results and Discussion 

 

Boron is one of the most common elements in 

nature. Increasing the amount of boron may adversely 

affect the microflora of plants, soil, and water [21]. 

This can have negative consequences for the 

environment and public health. It has been reported in 

the literature that boron compounds, which are 

effective on microorganisms, can be used as 

antiseptics and disinfectants [22]. 

 

In the study, PTB at 32 mg/ml concentration was 

applied to standard strains of B. subtilis, 

P.aeruginosa, E. coli, and C. tropicalis; 32 mg/ml 

concentration of ABB on B. subtilis, P.aeruginosa, E. 

aerogenes, E. coli, C. freundii, C. tropicalis strains, 

and LMBDH at the same concentration on B. subtilis, 

E. aerogenes, and C. tropicalis standard strains was 

found to have an antibiotic effect (Table 1, Table 2, 

Table 3). 

 

In parallel with the results obtained, some recent 

studies have found that diazo bore is effective against 

bacteria and yeasts [22, 23]. In addition, antifungal 

compounds containing B-N [24], boric acid, and 

diazoborin were found to have antibacterial effects 

[25]. In studies on the bacteriostatic and bacteriocidal 

effects of boric acid, which is also one of the boron 

compounds, it has been reported to have antimicrobial 

effects against Streptococcus sp. and Staphylococcus 

sp. [26, 27]. 

 

In a study conducted, it has been reported that clinical 

isolates of Candida albicans are inhibited by boric 

acid at a concentration of 0.4-5% by the agar dilution 

method and have an antifungal effect, while 500 mg 

of boric acid inhibits 50-90% of C.albicans isolates 

within 48 hours [28]. In another study, Peerters et al. 

[29] investigated the antimicrobial effect of some 

metal compounds (phenylmercury borate, thiomersal, 

mercury chloride, silver nitrate, sodium selenite, and 

copper sulfate) against penicillinase-producing and 

non-penicillinase-producing strains of Neisseria 

gonorrhoeae, which causes gonococcal ophthalmia; 

showed that phenylmercury borate inhibits 90% of 

Neisseria gonorrhoeae strains. In addition, 

Pannerselvan et al. [30], 3 amino-6-8 dibromo-2 

phenyl quinazoline 4 (3H), which is one of the boron-

derived compounds, was found in Staphylococcus 

aureus ATCC 914, Staphylococcus epidermidis 

ATCC-155, Micrococcus luteus ATCC 4698, 

Bacillus cereus ATCC 11778, Escherichia coli 

ATCC 2592. In their studies on the antibacterial and 

antifungal effects of Pseudomonas aeruginosa ATCC 

2953, Klebsiella pneumoniae ATCC 1298 bacteria, 

and Aspergillus niger ATCC 9028, Aspergillus 

fumigatus ATCC46645 fungi according to disc 

diffusion and MIC (minimal inhibition concentration) 

methods; they stated that the inhibition amount of 3 

amino-6-8 dibromo-2 phenyl quinazoline 4 (3H) 

compound against fungi was higher than bacteria. 
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On the other hand, Luan et al. [31] stated that AN0128 

containing boron showed an antimicrobial effect 

against Prevotella intermedia, Porphyromonas 

gingivalis, Eubacterium nodatum and Treponema 

denticola bacteria that cause periodontal diseases. 

Similarly, AN0128 (3-hydroxypyridine-2-

carbonylosi-bis (3-chloro-4-methylphenyl) borate), 

one of the esters of boronic acid picolinate, which is 

an antibacterial compound, has been reported to show 

both antibacterial and anti-inflammatory activity. 

Baker et al. [32] reported that AN0128 has an 

antimicrobial effect against Staphylococcus aureus 

colonizing skin and skin diseases. In a different study, 

it was stated that (Hea)[B(ph)2(2,3-pydc)] and 

(Hea)[B(ph)2(2,5-pydc)] boron compounds showed 

antimicrobial activity [33]. 

 

4. Conclusion and Suggestions 

 

In conclusion, the antimicrobial effects of PTB, 

ABB, and LMBDH were demonstrated in the 

presented study. These compounds may be used as 

antimicrobial agents in different branches of industry. 

However, further research is required to fully 

understand the mechanism of action. 
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