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Abstract:- The gram-positive bacterium Streptococcus pneumoniae is responsible for a 

number of serious diseases such as pneumonia, septicemia and meningitis. When it comes 

to pneumococcal pathophysiology, host nutrients including purines, pyrimidines, amino 

acids and carbon sources are absolutely crucial. If we want to know how S. pneumoniae 

adapts to the host environment during infection and find new therapeutic targets, we need 

to investigate its metabolism. The purpose of this study was to investigate the antibacterial 

effects of the medicinal herbs Equisetum arvense, Althaea rosea, Nigella sativa and 

Foeniculum vulgare by analyzing the bioactive volatile compounds generated by 

Streptococcus pneumoniae.  

GC-MS analysis of Streptococcus pneumoniae found: ethyl 2-

methoxycarbonyloxytetradecanoate, ethyl-N-ethoxycarbonylcabamate, prop-2-

enylnonanoate, butane, 1,1-dibutoxy-3-methyl, ethanol, 2,2'-oxybis -, diacetate , 

hexadecane, butanedioic acid, diethyl ester, 4-methylthio-4-methyl-2-pentnone, 1-

phenylethyl hydroperoxide, p-dioxne, methylene. Bioactivity of the ethanol extract of the 

bacterial product Streptococcus pneumoniae against four microorganisms Bacillus cereus 

(18.01±0.07, 11.90±0.03, and 15.88 ±0.04), Klebsiella pneumoniae (15.00±0.04, 

10.05±0.02, and 12.07±0.04), Staphylococcus epidermidis (17.43±0.06, 14.20±0.04, and 

13.34±0.04), Enterobacter aerogenes (16.20±0.07, 11.03±0.02, and 14.52±0.03). In Figure 

1, 2, 3, and 4, the metabolites of Streptococcus pneumoniae demonstrated a noteworthy 

level of action against Bacillus cereus, (18.01±0.07). 
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Introduction: 

Streptococcus pneumoniae is a gram-positive, catalase-negative, facultatively anaerobic organism that grows as a 

single coccus, as diplococci are often recognized by their lanceolate shape and in chains of varying length. It is also 

capable of autonomous growth in the absence of oxygen. Anaerobic environments or conditions with 5% carbon 

dioxide favor increased growth. Colonies are initially grown on blood agar, but eventually become flattened and have 

a depression in the center [1]. It is possible that autolysis accounts for the inability of the organism to grow in 

subculture, although a positive Gramme stain reaction was observed in the turbid brown broth culture. α-hemolytic 

colonies are characterized by darkening of the medium, which is either green or brown in color. This coloration is the 

result of partial destruction of red blood cells. An increasing number of Streptococcus pneumoniae strains show 

resistance to the most commonly used drugs in the clinical setting, including β-lactam antibiotics and macrolides [2]. 

To ensure that therapies are effective in the future, there is an urgent need for new antimicrobial drugs that are 

effective against S. pneumoniae and resistant strains of the bacteria. The imminent replacement of vaccines with 

disease-causing serotypes that are not vaccinated presents a substantial threat due to inadequate vaccine coverage. 

Currently available against invasive infections caused by vaccine-type strains is a 13-valent conjugate vaccine that is 

relatively efficacious [3]. In order to attain the intended outcomes, pneumococcal vaccination is designed to generate 

efficacious antibodies, mucosal immunity, and immunological memory. Consequently, the identification of novel 

vaccine candidates that can offer protection against a broader spectrum of pneumococcal strains and facilitate the 

development of a serotype-independent vaccine has emerged as one of the current obstacles. The environment exerts a 

substantial influence on S. pneumoniae, impacting both the bacterial metabolism and pathogenicity [4,5]. 

Consequently, bacterial adaptation to the particular host compartments they confront is essential. Virulence 

determinants, including toxins and capsular polysaccharides, have been observed to be negatively regulated in 

nutrient-rich environments with regard to Staphylococcus aureus [6].  

On the other hand, adhesins reveal a beneficial regulatory role in these settings. Research into compounds with 

bactericidal or bacteriostatic properties against diseases in animals and humans is also crucial for the advancement of 

new antibiotic treatments and disinfectants. A lot of focus in recent years has been on finding naturally occurring 

molecules from various sources that may have antibacterial properties, in addition to developing new chemical 

compounds. Bacterial antagonism, or interaction, is usually the starting point for the search for effective antibiotics for 

human diseases. This hostility is materialised in it, and it generates and releases compounds that hinder or stop the 

development of other species. When competing for resources in the wild, a creature with a microbe-secreted chemical 

that stunts its own growth has a natural ecological advantage. The majority of antibiotics used in medicine today are 

either produced by or derived from microbes. By utilising distinct metabolic adaption mechanisms in reaction to 

demanding conditions within host cells, S. pneumoniae is able to thrive in adverse host settings and outcompete other 

bacteria. Another challenge that pneumococci have to overcome is mineral restriction resistance [7]. In addition, 

nutrient limitations make matters worse. In spite of this, S. pneumoniae's ability to change its metabolic activities in an 

environment with low ion concentration and hostile hosts is crucial for the organism's survival and dissemination. 

Another reason medicinal plant extracts are so efficient at inhibiting bacterial growth is the synergistic impact that 

happens between the active compounds in these extracts [8]. The synergistic effect is due to several effects. Among 

these effects are the following: the development of multi-target mechanisms; the presence of compounds with the 

ability to suppress bacterial resistance mechanisms; pharmacokinetic or physicochemical effects that enhance 

bioavailability, solubility, and resorption rate; and the neutralisation or reduction of toxicity and side effects. 

Examining the antibacterial activity of medicinal plants such Equisetum arvense, Althaea rosea, Nigella sativa, and 

Foeniculum vulgare, as well as the bioactive volatile chemicals emitted by Streptococcus pneumoniae, was the goal of 

this study. 

Materials and Methods 

Optimal environmental conditions for growth and identification of metabolites 

Streptococcus pneumoniae is a gram-positive anaerobic bacterium that is cultured at temperatures between 35 and 37 
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degrees Celsius with 5% carbon dioxide. In the presence of a source of catalase, such as red blood cells, Streptococcus 

pneumoniae is able to generate hydrogen peroxide (H2O2) via a flavoenzyme system. This allows the bacteria to 

multiply more efficiently. In addition to being alpha-hemolytic, the bacterium produces a green zone of hemolysis 

when cultured on blood agar, giving the colonies a tiny gray appearance [8, 9]. When colonies are cultured for more 

than twenty-four hours, the colony nuclei deteriorate over time. Evaporation of metabolites was carried out using a 

rotary evaporator at a temperature of 45 degrees Celsius. Metabolites were extracted from the liquid culture. 

Performing spectral analysis of naturally occurring bioactive chemical components of Streptococcus 

pneumoniae using gas chromatography and mass spectrometry (GC-MS). 

An Agilent 789 A instrument was used to perform the examination, which was performed using a GC–MS approach. 

The gas chromatography column used was a DB-5MS column purchased from J&W Scientific in Folsom, California. 

The following measurements were made for this column: The film thickness is 0.25 µm and the diameter is 30 m with 

an internal diameter of 0.25 mm. Compared to the previous experiment, the temperature in the furnace was kept at the 

same level throughout the process. The carrier gas used was helium and the flow rate was set at one milliliter per 

minute each time. Effluent from the gas chromatography (GC) column was directly injected into the mass 

spectrometer (MS) source via a transfer line that was heated to 250 degrees Celsius. 230 degrees Celsius (°C) was the 

temperature that was maintained at the ion source while the ionization process took place at a voltage of 70 electron 

volts (eV). A total of 41 atomic mass units (amu) were included in the measuring range, which reached up to 450. 

This study evaluated the efficacy of secondary metabolite compounds as antibacterial agents against four 

different types of pathogenic bacteria. 

A sterile cork borer was used to cut five millimeter diameter holes in the agar. After well preparation was complete, 

25 microliters of sample solutions containing metabolites generated by Streptococcus pneumoniae were added to the 

wells. The standard antibiotics GN-Gentamicin and VC-Vancomycin along with the tested pathogens Bacillus cereus, 

Klebsiella pneumoniae, Staphylococcus epidermidis and Enterobacter aerogenes were collected using swabs. 

Furthermore, Muller Hinton agar plates were inoculated with these pathogens [10]. 

Statistical analysis 

A number of statistical procedures were employed during the data analysis process that was carried out on the 

information that had been extracted from an SPSS (Version 11.6) database. The steps involved in these processes 

included calculating the average and doing an ANOVA. 

Results and Discussion 

The identified chemicals were represented by 10 peaks in the GC-MS chromatogram. Said compounds are methyl-2-

methoxycarbonyloxytetradecanoate, ethyl-N-ethoxycarbonylcabamate, prop-2-enylnonanoate, butane, 1,1-dibutoxy-3-

methyl, ethanol, 2,2'-oxybis-, diacetate, hexadecane, butanedioic acid, diethyl ester, 4-methylthio-4-methyl-2-

pentnone, 1-phenylethyl hydroperoxide, p-dioxne, methylene. Bioactivity of the ethanolic extract of the bacterial 

product Streptococcus pneumoniae against four microorganisms Bacillus cereus, Klebsiella pneumoniae, 

Staphylococcus epidermidis and Enterobacter aerogenes and the standard antibiotics GN-Gentamicin and VC-

Vancomycin: Bacillus cereus (18.01±0.07, 11.90±0.03, and 15.88 ±0.04), Klebsiella pneumoniae (15.00±0.04, 

10.05±0.02, and 12.07±0.04), Staphylococcus epidermidis (17.43±0.06, 14.20±0.04, and 13.34±0.04), Enterobacter 

aerogenes (16.20±0.07, 11.03±0.02, and 14.52±0.03). In Figure 1, 2, 3, and 4, the metabolites of Streptococcus 

pneumoniae demonstrated a noteworthy level of action against Bacillus cereus, (18.01±0.07).  

In vitro antimicrobial activity of plant extracts on Streptococcus pneumoniae: The inhibition zone (mm) of bioactive 

components of Equisetum arvense, Althaea rosea, Nigella sativa, and Foeniculum vulgare methanolic, ethyl acetate, 

and ethanolic extract against Streptococcus pneumoniae was recorded as follows: 13.08±0.21, 09.83±0.17 and 

09.21±0.17 mm respectively for Equisetum arvense. While recorded 17.79±0.31, 14.46±0.28 and 15.47±0.28 mm 

respectively for Althaea rosea. In vitro antimicrobial activity of plant extracts on Streptococcus pneumoniae recorded 

13.05±0.21, 15.60±0.28 and 18.52±0.31 mm respectively for Nigella sativa and 17.52±0.31, 15.55±0.28 and 

13.27±0.21 mm respectively for Foeniculum vulgare (Figure 5, 6, 7 and 8). Nigella sativa (Crude) 18.52±0.31 mm 
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was very highly active against Streptococcus pneumoniae. 

Over the past ten years, a number of substantial clinical trials have been conducted to demonstrate the effectiveness of 

breath analysis in identifying the presence of bacteria in the respiratory tract or bloodstream of critically ill patients. 

Mass spectrometry methods are often used for this purpose because of their ability to identify an unknown substance. 

This approach is based on the assumption that the qualitative and quantitative determination of bacterial volatile 

metabolites in exhaled breath gases of patients [11] with suspected infection is necessary. 

Extracts derived from medicinal plants have been documented to possess a range of biological properties, such as 

antioxidant, antibacterial, and anti-inflammatory effects [12]. Antimicrobial compounds derived from botanical 

sources possess the capacity to impede the proliferation of bacteria, fungi, viruses, and protozoa via mechanisms 

distinct from those of presently employed antimicrobials. Furthermore, significant clinical applications for these 

compounds may include the treatment of resistant microbial strains. 

Furthermore, some of these compounds, despite not being effective as antibiotics by themselves, may be useful in 

overcoming antibiotic resistance in bacteria when paired with antibiotics. Substances that are chemically complicated 

have significant therapeutic potential because compared to manufactured drugs, they have fewer side effects and are 

also less likely to acquire resistance [13]. Bacteria can acquire resistance to treatment provided by medicinal plants if 

only one active ingredient is included and that chemical targets a specific target. This is a condition that is comparable 

to that of antibiotics.  

Since there is a dearth of literature on the specific microorganisms responsible for plant resistance, additional research 

into the mechanisms behind this phenomenon is urgently required [14]. Bacterial extract research is intricate and 

multi-faceted, touching on many societal domains like as medicine, agriculture, commerce, and academia. As part of 

the process, we are looking for and investigating chemicals and biological processes that could provide solutions to 

numerous issues and offer up new opportunities [15, 16]. Screening bacterial extracts for novel antibiotic-compounds 

and (AMPs) with therapeutic is a frequent activity due to the number of chemicals generated by bacteria.  

The discovery and isolation of potential modifiers produced by medicinal plants has dominated studies investigating 

the topic of plant extracts and antibiotic interactions. On the other hand, it is quite possible that such pairings may lead 

to adversarial interactions that have been considered irrelevant by a large number of studies and subsequently missed. 

On the other hand, it is of utmost importance to investigate the synergy and antagonism that exists between plant 

extracts and antimicrobial treatment [17]. Some common examples are as follows: In studies investigating the 

synergistic effects of terpenes and penicillin against MRSA and Escherichia coli, it was found that carvone and 

penicillin had a synergistic effect, while thymol and penicillin had an antagonistic effect [18, 19]. Several essential 

oils have been found to have synergistic interactions with ampicillin, cephalothin, and tetracycline, while gentamicin 

has predominantly antagonistic interactions [20, 21], [23]. The outcomes exhibited either synergism or antagonism 

when the four essential oils were combined with ciprofloxacin in the case of Staph. aureus and K. pneumoniae, or with 

amphotericin B in the case of Candida albicans strains, contingent upon the specific type of essential oil [24, 25]. 
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Conclusion 

Using GC-MS, the chemical components contained in the bacterial species were identified and quantified. Several 

volatile inhibitory chemicals, including phenolics, esters, and ethers, are believed to be involved in the antimicrobial 

action process as demonstrated in this study. Metabolites of Streptococcus pneumoniae showed significant activity 

against Bacillus cereus in research with a specific activity level of 18.01±0.07. Nigella sativa (Crude) showed an 

impressive rate of efficacy against Streptococcus pneumoniae with a diameter of 18.52±0.31 mm. The chemical 

composition of the volatile molecules varies between the tested samples, raising the possibility that these 

differences affect antibiotic efficacy and antibacterial activity. Some strains of Streptococcus pneumoniae are able to 

produce a wide variety of secondary metabolites that have antibacterial effects. Our research also shows that these 

strains can make these other compounds. 
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