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INTRODUCTION
The risk of antibiotic-resistant bacteria has rapidly 

increased due to the widespread use of antibiotics worldwide 
[1]. Methicillin-resistant Staphylococcus aureus (MRSA) is a 
dangerous human pathogen that causes severe morbidity and 
mortality all over the world [2]. According to the World Health 
Organization (WHO), it has been ranked as a high-priority 
bacteria for the discovery of new antibiotics [3]. In 2019, over 
100,000 deaths were caused by MRSA, based on a recent study 
in the Lancet [4]. 

MRSA is a serious concern to public health since 
it is resistant to many conventional antibiotic treatments and 

is commonly linked to deadly infections such as pneumonia, 
endocarditis, and bacteremia [5]. Typically, it is resistant 
to penicillin-like antibiotics such as penicillin, oxacillin, 
amoxicillin, and methicillin. [6]. Vancomycin has been a first-
line treatment for MRSA since the 1980s. Nevertheless, within 
the last two decades, Vancomycin-resistant Staphylococcus 
aureus (VRSA) has emerged and is now a significant worldwide 
source of morbidity and mortality [7].

One of the primary sources of antibacterial agents is 
thought to be the secondary metabolites produced by organisms, 
especially Actinobacteria [8]. Actinobacteria is one of the 
main microbe factories for the synthesis of new antibiotics 
since they are the source of around two-thirds of all known 
antibiotics. Approximately 80% of all antibiotics obtained 
from Actinobacteria are produced by Streptomyces alone [9]. 
Streptomyces is a Gram-positive, obligate aerobe bacteria 
that grows in a variety of environments and has a branching 
filamentous structure similar to fungi. It is nonmotile, spore-
forming, nonfastidious, and has a high DNA content rich in 
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ABSTRACT
Methicillin-resistant Staphylococcus aureus (MRSA) is one of the pathogenic bacteria that poses a major risk to 
public health as it is resistant to many antibiotics. Therefore, this study was conducted to assess the effect of cultural 
and nutritional conditions to enhance the production of bioactive compounds against MRSA by Streptomyces tuirus 
isolated from the rhizosphere of Origanum majorana. Streptomyces tuirus was subjected to submerged fermentation 
across various culture media and under diverse growth conditions, including variations in temperature, duration, 
agitation speed, carbon, and nitrogen sources. The mass of crude extract obtained was measured under diverse 
conditions. The agar well diffusion method was utilized to measure the antibacterial activity of the extract against 
MRSA. Results showed that using Starch Casein Broth (SCB) with 7 days of incubation at 30°C, and 150 rpm 
agitation speed yielded the best antibacterial activity against MRSA. Additionally, the supplementation of glucose 
(1%) as a carbon source and sodium nitrate (1%) as a nitrogen source to SCB resulted in the production of an extract 
with the highest activity. This study showed that S. tuirus grown in SCB supplemented with glucose and sodium 
nitrate enhances the production of antimicrobial compounds against MRSA.
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culture temperatures were carried on at 25°C, 30°C, and 35°C 
for 7 days. Similarly, the optimum agitation rate was carried out 
at 3 different speeds: 100 rpm, 120 rpm, and 150 rpm at 28°C 
for 7 days.

Optimization of biochemical parameters
The biochemical parameters used for optimization 

were various sources of carbon and nitrogen. Carbon sources 
such as glucose, lactose, and sucrose at a concentration of 1% 
were supplemented separately into the SCB. As for the diverse 
nitrogen sources used, sodium nitrate, tryptone, and peptone 
were individually added into the fermentation medium at a 
final concentration of 1% as well. The flasks were placed in a 
shaking incubator set at 120 rpm for 7 days at 28°C.

Extraction of released metabolites
The extraction of the released metabolites was done 

according to Ibnouf et al. [16]. In brief, after incubation under 
the appropriate conditions, the cultures were centrifuged for 
20 minutes at 4,000 rpm. To the collected supernatants, an 
equivalent volume of ethyl acetate was added, and mixed, and 
then the upper organic layer was separated and evaporated 
in a water bath at 40°C. The weight of the crude extract was 
measured, and the extract was dissolved in 5% dimethylsulfoxide 
(DMSO) to a final concentration of 2 mg/ml. 

Determination of antibacterial effect
The antibacterial effect of the isolated metabolites 

was determined using the Agar well diffusion method. MRSA 
was diluted using sterile normal saline, and the concentration 
of the bacterial culture was adjusted to 0.5 McFarland standard. 
100 µl of standardized cell suspensions were spread on a 
Mueller–Hinton agar. 100 µl of the crude extracts were added 
to the wells created using a 6 mm sterile cork-borer and then 
incubated at 37°C. DMSO was used as a negative control 
while vancomycin was used as a positive control. The zones 
of inhibition (ZOI) were measured and examined following a  
24-hour incubation period.

Statistical analysis
All experiments were conducted in triplicate. The 

obtained values are presented as mean ± standard error of the 
mean (SEM). One-way ANOVA was used to calculate the 
statistically significant differences between groups, followed by 
the Tukey test. A p-value of < 0.05 was considered significant. 
GraphPad Prism version 10.1.1 (270) was used for analysis and 
drawing graphs.

RESULTS AND DISCUSSION
Globally, bacterial infections are becoming a serious 

issue due to the substantial mortality and morbidity caused 
by antibiotic-resistant strains [17]. Notably, MRSA stands out 
as a significant organism among these drug-resistant strains 
[18]. The WHO and CDC have identified MRSA as one of the 
pathogenic bacteria that poses serious and crucial risks [4]. To 
address this challenge, researchers are investigating alternative 
reservoirs of antimicrobial agents, and Actinobacteria is 
considered a viable option [17].

guanine-cytosine [10]. Despite the fact that Streptomyces 
species have been isolated from a wide range of terrestrial 
ecosystems across the world, their prevalence and ability to 
generate bioactive metabolites are dependent on their specific 
habitat, location, and environment [11].

One of the challenges in the Actinobacteria screening 
process is finding growing conditions that promote the 
synthesis of the secondary metabolites [8]. The generation of 
antimicrobials by Actinobacteria is greatly influenced by key 
factors such as physical parameters and cultural media [12]. 
The optimal fermentation conditions (pH, agitation speed, 
temperature, and so on) and medium components must be 
determined and optimized in order to develop a production 
medium [13]. Consequently, the key to improving antibiotic 
production is to create a suitable medium. Therefore, the 
aim of this study is to optimize the cultural conditions and 
nutritional components of Streptomyces tuirus isolated from 
the rhizosphere of Origanum majorana to produce biologically 
active compounds against MRSA.

MATERIALS AND METHODS

Strain
Streptomyces tuirus used in this study was isolated 

from the rhizosphere of Origamum majorana plant grown in 
Sidon, South Lebanon. Before isolation, the rhizospheric soil 
was air-dried and pre-treated with calcium carbonate (CaCO3) 
to stop the growth of other unwanted bacteria. Actinobacteria 
were isolated by using the soil dilution plate technique on starch 
casein agar following the Bano et al. [14] method. The agar was 
prepared by mixing 10 g of soluble starch, 2 g K2HPO4, 2 g 
KNO3: 2 g, 0.3 g casein, 0.05 g MgSO4.7H2O, 0.02 g CaCO3, 
0.01 g FeSO4.7H2O, 15 g agar, in a total volume of 1 l and pH 
7.0. The agar was supplemented with nystatin (50 µg/ml) to 
stop the growth of fungi. The plates were then incubated for 7 
days at 28°C. Different bacteria were isolated and their identity 
was confirmed using 16S rRNA gene sequence analysis.

Optimization of culture conditions affecting antibacterial 
compound production

Optimization of physical parameters
In order to optimize the antibacterial activity of 

the extracted metabolites produced by S. tuirus, a series of 
experiments were conducted where one variable was changed 
at a time while the other parameters were kept constant at a 
specific set of conditions [15]. The different parameters studied 
for optimization were medium, temperature, incubation period, 
and agitation speed. To determine the most effective medium for 
metabolite production, the isolate was grown in three different 
culture media: starch-casein broth (SCB), nutrient broth (NB) 
(g/l: 10 g peptone, 3 g beef extract, and 5 g NaCl) and tryptone 
yeast extract ISP1 (g/l: 5 g tryptone, 3 g yeast extract) at 28°C, 
120 rpm for 7 days. Based on the optimal medium, further 
optimal fermentation-process experiments were carried out 
by single-factor tests. For the incubation period, the optimum 
medium was inoculated and incubated separately for 7 days, 
14 days, and 21 days at 28°C. For culture temperature tests, the 
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In this study, the emphasis was on optimizing culture 
conditions and nutritional components to improve the production 
of anti-MRSA agents by S. tuirus. We utilized a single-factor 
analysis to enhance the antimicrobial effectiveness against 
MRSA. To maximize the antibacterial activity of the isolate, 
we carried out small-scale fermentation in three different media 
with different incubation times, temperatures, agitation speeds, 
and carbon and nitrogen sources. 

Ethyl acetate was employed for the extraction 
of bioactive compounds since it can effectively dissolve a 
greater variety of secondary metabolites, thereby contributing 
to antibacterial activity [19]. The antibacterial activity of the 
crude extract obtained from S. tuirus at various conditions 
was evaluated using the agar well diffusion method (Fig. 1)). 
Three different media namely SCB, NB, and ISP1 were used 
to grow the S. tuirus to determine the one that produces the 
best antibacterial metabolites against MRSA. All three 
media yielded antibacterial metabolites as seen in Figure 2. 
The largest ZOI (18.87 ± 0.09 mm) was obtained from SCB 
metabolites, followed by NB and ISP1 with ZOI of 14.85 ± 
0.16 mm and 10.67 ± 0.23 mm, respectively. Considering the 
nutritional factors of each media, it is possible to predict that 
the components of SCB may contribute to higher antimicrobial 
activity. For example, starch is an important carbon source 
needed by bacteria and casein is a main protein source that is 
necessary for growth [20]. This result is in complete accordance 
with other studies showing that SCB was the best production 
medium for Streptomyces [21]. Similar findings were observed 
with Amycolatopsis sp. ST-28 [22].

In fact, the incubation duration of Actinobacteria also 
had an important effect on the production of the antibacterial 
metabolites [23]. The anti-MRSA activity obtained from the 
isolate was evaluated on days 7, 14, and 21 of the fermentation 
process. The effect of fermentation duration on the antibacterial 
activity against MRSA is shown in Figure 3. The 7 days of 
fermentation yielded the best activity with ZOI of 18.92 ± 0.04 

mm. This activity decreased slightly at day 14 (ZOI = 17.76 ± 
0.21mm), until reaching the lowest zone of inhibition at day 21 
(ZOI = 14.86 ± 0.22 mm). A previous study also demonstrated 
that the 7-day fermentation period produced the highest 
antimicrobial activity [24]. Similarly, a study done by ELaasser 
[15] reported that 7 days of incubation was the ideal duration 
for Streptomyces griseoplanus NRRL-ISP 5009 against the 
tested bacteria [15].

Temperature is one of the important factors that affect 
antibiotic production [18]. It is one of the key elements that 
influence the growth of Actinobacteria and the synthesis of 
bioactive compounds [25]. To determine the optimal temperature 
for the isolate to produce secondary metabolites against MRSA, 
S. tuirus was incubated at various temperatures. As shown in 
Figure 4, the best antibacterial activity (ZOI = 19.35 ± 0.07 
mm) was recorded at 30°C. On the other hand, the lowest 
antibacterial activity (ZOI = 10.54 ± 0.22 mm) was obtained 
at 35°C. Thus, 30 °C proved to be a favorable choice for S. 
tuirus in the production of secondary metabolites. These results 
were compatible with the results of Balachandar et al. [12] 
who likewise revealed that the highest antibacterial activity of 
Amycolatopsis sp.-AS9 against the tested bacteria was achieved 
at 30°C [12]. On the other hand, Abd-Elnaby et al. [26] found 
that the highest antibacterial activity of Streptomyces parvus 
against Aeromonas hydrophila was at 35°C.

Agitation plays an essential role in the synthesis of 
antimicrobial compounds. It facilitates the transfer of oxygen 
from the gaseous phase into the aqueous phase[15]. Different 
antibacterial activities were obtained from the extract isolated 
from the S. tuirus at different agitation speeds tested (100,120, 
and 150 rpm). A gradual increase in the antibacterial activity 
was noted in the present investigation until the maximum 
activity was achieved at an agitation speed of 150 rpm (ZOI = 
21.04 ± 0.19 mm). In contrast, the lowest antibacterial activity 
(ZOI = 17.16 ± 0.23 mm) occurred at an agitation speed of 
100 rpm as illustrated in Figure 5. This result is in agreement 
with the previous report indicating that 150 rpm was the 
optimum agitation speed for maximum metabolite activity [15]. 
Moreover, Al Ghazali and Omran [27] stated that the intensity 
of agitation during the fermentation process may affect cell 
damage, growth rate, antibiotic production, and metabolism 
through the transport of nutrients and enzymes.

It is well known that antibiotic production by 
Actinobacteria is significantly influenced by the nutritional 
sources of carbon and nitrogen [25]. Carbon is the most 
significant component of the medium, serving as both an 
energy source for microorganisms and a crucial factor in 
their growth and the production of primary and secondary 
metabolites [13]. The carbon sources glucose, sucrose, and 
lactose were supplemented with SCB. Glucose or sucrose 
supplementation enhanced the antibacterial activity with 
glucose exhibiting the strongest antibacterial activity (ZOI 
= 21.49 ± 0.14 mm) followed by sucrose (ZOI = 21.19 ± 
0.09 mm) and then lactose (ZOI = 16.45 ± 0.13 mm) as 
shown in Figure 6. Among the different carbon sources 
evaluated, glucose was one of the most effective carbon 
sources for antibacterial activity. It is widely recognized that 
the majority of microbes that produce antibiotics use glucose 

Figure 1. Antibacterial activity of crude extract obtained from S. tuirus against 
MRSA at various conditions. (A): Culture medium (1: ISP1, 2: NB, 3: SCB), 
(B): Incubation days (1: 7 days, 2: 14 days, 3: 21 days), (C): Incubation 
temperature: (1: 25°C, 2: 30°C, 3: 35°C), (D): Agitation rate (1: 100 rpm, 2: 
120 rpm, 3: 150 rpm), (E): Carbon source: (1: Glucose, 2: Lactose, 3: Sucrose), 
and (F): Nitrogen source (1: Peptone, 2: Tryptone, 3: Sodium nitrate). 
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as a readily assimilated carbon source [28]. This finding 
is consistent with several studies that have shown that the 
antibacterial effect of Streptomyces species was increased by 
glucose[18,27]. In contrast, a previous study revealed that 
the supplementation of glucose to culture media prevented 
Streptomyces sp. KB1 from producing bioactive compounds 
[10].

Similar to carbon, the choice of nitrogen source in 
the media also significantly influences metabolite production 
[13]. Among the nitrogen sources tested, sodium nitrate and 
peptone were found to have a potent effect on the antibacterial 
metabolite production. Sodium nitrate in SCB showed the 
highest effect of the secondary metabolite produced with ZOI 
of 22.07 ± 0.29 mm, followed by peptone (ZOI = 20.51 ± 

0.22 mm), while tryptone addition yielded the smallest ZOI of 
12.51 ± 0.23 mm as shown in Figure 7. Our results confirmed 
that sodium nitrate had a stimulatory effect on the production 
of bioactive compounds from our isolate. It was previously 
reported that the antibacterial effect of Streptomyces sp. AS11 
was increased by sodium nitrate [12]. On the other hand, 
our results revealed that tryptone significantly reduced the 
antimicrobial activity against MRSA. This may be due to 
the fact that nitrogen molecules have an inhibiting influence 
on the production of metabolites in certain circumstances 
[13]. Hence, using inappropriate amino acids can reduce the 
production of secondary metabolites, while using the right 
amino acids can enhance the activity [29].
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Figure 2. Effect of various culture media on the production of antibacterial 
agents by S. tuirus against MRSA. Data are expressed as the mean ± SEM of 
the triplicate experiment. ****, p ≤ 0.0001. 
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Figure 3. Effect of different incubation days on the production of antibacterial 
agents by S. tuirus against MRSA. Data are expressed as the mean ± SEM of 
the triplicate experiment. *, p ≤ 0.05; ****, p ≤ 0.0001. 
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Figure 4. Effect of different incubation temperatures on the production of 
antibacterial agents by S. tuirus against MRSA. Data are expressed as the mean 
± SEM of the triplicate experiment. ****, p ≤ 0.0001. 
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Figure 5. Effect of various agitation rates on the production of antibacterial 
agents by S. tuirus against MRSA. Data are expressed as the mean ± SEM of the 
triplicate experiment. *, p ≤ 0.05, **, p ≤ 0.01, ***, p ≤ 0.001. 
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in a much lower concentration of only 120 mg/l, making it the 
least effective [30]. Moreover, Pudi et al. [25] demonstrated the 
impact of various conditions on alkaloid production produced 
by marine Actinomycetes strain (KU375127). The study 
revealed that raising the temperature to 30°C and using dextrose 
as a carbon source enhanced alkaloid production. Conversely, 
temperatures above 30°C and the use of maltose or galactose 
as a carbon source resulted in a significant decline in alkaloid 
production [25]. In general, the mass of crude extract produced 
by Actinobacteria varied in many studies. In 2024, Prastya et 
al. [31] reported that the mass of crude extract obtained by 
three different actinobacterial strains under the same conditions 
ranged between 104.5 mg/l and 474.5 mg/l. Another study 
showed that 653 mg of crude extract was obtained from the 
10 l scale-up fermentation of the Aeromicrobium ponti strain 
[32]. Moreover, a study done by Singh and Dubey [33] showed 
that the fermentation process of actinobacterial strain produced 
approximately 120 mg/l of crude extract. Furthermore, in 
our study, we have found that in some conditions the highest 
antibacterial activity was not accompanied by the highest 
accumulation of crude extract. A previous study done by Siti 
Junaida et al. [24] confirmed this issue by illustrating that the 
highest antimicrobial activity was achieved using Thronton 

In this investigation, the mass of crude extract ranged 
between 26.03 ± 0.75 mg/l and 121.56± 1.03 mg/l under different 
conditions as shown in Table 1. This variation in the mass of 
crude extract, or in the antibacterial activity as we discussed, 
could be due to the changes in the composition of the crude 
extract or in the quantity of bioactive compounds produced 
under each fermentation condition. A previous study focused 
on the production of erythromycin by Saccharopolyspora 
erythraea MTCC 1103 showed that erythromycin production 
was maximum in a medium containing corn steep liquor (416 
mg/l). In contrast, a medium supplemented with peptone resulted 
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Figure 6. Effect of different nitrogen sources supplemented to SCB on 
the production of antibacterial agents by S. tuirus against MRSA. Data are 
expressed as the mean ± SEM of the triplicate experiment. ns, not significant; 
p > 0.05; ****, p ≤ 0.0001. 
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Figure 7. Effect of different nitrogen sources supplemented on SCB on the 
production of antibacterial agents by S. tuirus against MRSA. Data are 
expressed as the mean ± SEM of the triplicate experiment. *, p ≤ 0.05; ****, 
p ≤ 0.0001. 

Table 1. Crude extract mass obtained in different cultural and 
nutritional conditions (n = 3). 

Condition Crude extract mass ± SEM (mg)

Culture media

SCB 69.17 ± 0.44

NB 35.1 ± 0.64

ISP1 26.03 ± 0.75

Incubation temperature

25°C 46.16 ± 0.44

30°C 80.17 ± 0.60

35°C 51.83 ± 0.27

Incubation time

7 days 69.58 ± 0.32

14 days 82.41 ± 0.32

21 days 101.5 ± 0.76

Agitation speed

100 rpm 40.1 ± 0.84

120 rpm 71.15 ± 0.76

150 rpm 121.56± 1.03

Supplementation of carbon source

Sucrose 74.48 ± 0.27

Lactose 81.99 ± 0.65

Glucose 92.82 ± 0.66

Supplementation of nitrogen source

Sodium nitrate 52.11 ± 1.07

Tryptone 113.21 ± 0.72

Peptone 43.77 ± 0.98
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media, but it was associated with the lowest mass of crude 
extract (0.5 mg/400 ml). Also, the same study reported that the 
maximum activity was produced during the 7-day fermenting 
phase, while the highest accumulation of crude extract was 
obtained on day 21 [24]. Larasati et al. [34] stated in a previous 
study that the quantity of crude extract, whether high or low, 
did not impact the size of the inhibition zone. Thus, increasing 
the mass of crude extract did not necessarily result in greater 
inhibition activity [34]. Hence, the qualitative and quantitative 
aspects of antibiotic production by microorganisms vary 
based on the strains, species, nutritional factors, and cultural 
conditions employed [22].

CONCLUSION
Our study reveals that the crude extract of S. tuirus has 

potent antimicrobial activity against MRSA. It produced the 
maximum activity when inoculated in SCB for 7 days at 30°C 
and an agitation speed of 150 rpm. Also, the supplementation 
of glucose as a carbon source, and sodium nitrate as a nitrogen 
source produced the most powerful activity against MRSA. 
Further characterization and purification of the antibacterial 

Table 2. P-values of the crude extract mass obtained at different 
cultural and nutritional conditions. 

Condition p-value for Tukey test Significance

Culture media

SCB versus NB < 0.0001 ****

SCB versus ISP1 < 0.0001 ****

NB versus ISP1 0.061 ns

Incubation temperature

25°C versus 30°C < 0.0001 ****

25°C versus 35°C < 0.0001 ****

30°C versus 35°C < 0.0001 ****

Incubation time

7 days versus 14 days < 0.0001 ****

7 days versus 21 days < 0.0001 ****

14 days versus 21 days < 0.0001 ****

Agitation speed

100 versus 120 rpm < 0.0001 ****

100 rpm versus 150 rpm < 0.0001 ****

120 rpm versus 150 rpm < 0.0001 ****

Supplementation of carbon source

Sucrose versus lactose < 0.0001 ****

Sucrose versus Glucose < 0.0001 ****

Lactose versus Glucose < 0.0001 ****

Supplementation of nitrogen source

Sodium nitrate versus 
Tryptone

< 0.0001 ****

Sodium nitrate versus 
Peptone

0.002 **

Tryptone versus Peptone < 0.0001 ****

ns,, not significant; **, p ≤ 0.01; ****, p ≤ 0.0001. 

compounds present in this crude extract are very important 
to discover novel compounds with beneficial biological 
properties.
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