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ABSTRACT 
Antibacterial properties of the medicinal plant (Barleria lupulina) may be attributed to the presence of bioactive 
compounds. Secondary metabolite found in endophytic bacteria have long been documented. 16S rRNA Sequencing has 
already been used to identify the endophytic bacterium Enterobacter roggenkampii (BLS02) from B. lupulina. Well and 
disc agar diffusion techniques were used to test E. roggenkampii from B. lupulina for antibacterial activity. Antibacterial 
secondary metabolites with the greatest potential against six of the most common human diseases were further chosen to 
establish the minimal inhibitory concentration (MIC) and minimum bactericidal concentration (MBC). Tests on Listeria 
monocytogenes indicated that 20 μg/mL of antibacterial activity was the most effective. There was a range of 50 to 100 
μg/mL MIC and MBC for L. monocytogenes and Pseudomonas aeruginosa, respectively. In this study S. typhi, K. 
pneumoniae, P. aeruginosa, S. aureus, L. monocytogenes, and E. coli were all subjected to a time-killing test after six hours, 
followed by S. aureus, L. monocytogenes, and E. coli. 
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INTRODUCTION 
Quality and productivity of medicinal plants are affected by environmental factors including temperature, 
lighting, moisture and soil conditions. Soil fauna and their existence are also important factors to consider 
[1]. It is possible that bacterial endophytes may have a significant influence on the medicinal plant efficacy 
and safety [2]. When bacterial colonization occurs at important periods of plant development, the seed may 
already have a stable endophytic bacterial population [3]. These endophytes take use of the plant internal 
environment to defend itself against substantially altering external circumstances [4]. As the global 
population grows, drug supplies become scarcer, prices rise, side effects from many allopathic medications 
increase, and drug resistance to commonly prescribed antibiotics and other infectious disease treatments 
emerges, natural remedies for a wide range of human ailments are becoming increasingly popular. Natural 
solutions for a broad spectrum of human problems are getting more and more essential [5]. Around 80% 
of the world's 4 billion inhabitants, according to the WHO, cannot afford Western pharmaceutical items and 
must instead depend on traditional treatments made from plant components [6]. This claim is backed up 
by a comprehensive inventory of medicinal plants, which covers over 20,000 distinct species and provides 
sufficient evidence to substantiate it [7]. Biochemical substances that may be extracted from green plants 
and used as chemical feedstock or raw material in a range of scientific study are many and varied. Due to 
their vast variety of uses, secondary metabolites from plants are important to the pharmaceutical business 
[8]. In several medical systems across the world, medicinal plants are used for their health-enhancing 
qualities. For example, B. cristata is only one of more than 300 species of Barleria that may be found in the 
wild, including B. albostelleata, and B. prionitis in addition to the more common Barleria. There has been a 
lengthy history of ethnomedical research on these species. According to the complete inventory of 
medicinal plants, which contains more than 20,000 unique species and has adequate evidence to support 
the statement, this premise is supported [9]. As a source of chemical feedstock or raw material for a broad 
variety of scientific inquiries, green plants contain a vast spectrum of biochemical compounds. These plant 
secondary metabolites (endophytic microorganisms) are essential in the pharmaceutical industry since 
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they may be used for many different things, including antibiotics. In the present study, the ability of 
Endophytic bacteria (Enterobacter roggenkampii) isolated from medicinal plant (Barleria lupulina) 
promote the antibacterial activity against some pathogenic bacteria. These endophytic bacteria are very 
significance for upcoming as a work in medicine in the field of pharmaceutical industries and medical field. 
 
MATERIAL AND METHODS 
Collection 
Young and fresh stems of B. lupulina were collected from plants that were growing in the Botanical Garden 
of the Department of Botany and Microbiology (Figure 1) at Gurukul Kangri (Deemed to be University), 
located in Haridwar (29°55′18′′N 78°7′39′′E/29.92167°N 78.12750°E), Uttarakhand (29.92167°N 
78.12750°E) (India). 
Isolation and characterization of endophytic bacteria  
Samples of stems were washed many times with tap water after drying at room temperature to eliminate 
any surface debris. Afterwards, 70% ethanol was used for 3 to 5 minutes to clean the stem samples, 
followed by 2 minutes of 4% NaOCl cleaning. Finally, the roots were washed 5-6 times with double distilled 
water for 2-5 minutes to remove any remaining traces of pesticides from the soil. The sterile distilled water 
was used to serially dilute and distribute on the surface of a suitable medium of nutrients after cutting the 
stem samples into small pieces. For a period of two to seven days, the plates were incubated at 37°C. NA 
plates were used to identify and purify colonies of bacteria that varied physiologically in the laboratory. 
Identification of endophytic bacteria 
The endophytic bacteria were discovered by sequencing the 16S rRNA gene using 27F primers using the 
Sanger sequencing technology developed by ABI from Macrogen in South Korea [10]. 
Optimization of Incubation Time  
TSB (Tryptic Soy Broth) was used to cultivate endophytic bacteria isolates in order to observe the growth 
curve's stationary phase. Throughout the course of the experiment, the formation of secondary metabolites 
was observed at regular intervals. 
Test organisms 
Standard test bacterial strains including Pseudomonas aeruginosa (MTCC 424), Staphylococcus aureus 
(MTCC 7443), Escherichia coli (MTCC 118), Salmonella typhi (MTCC 733) Klebsiella pneumonia (MTCC 432) 
and Staphylococcus aureus (MTCC 7443), were produced from the microbial type culture collection (MTCC), 
Chandigarh (India). The Luria Bertani (LB) slants were kept at a temperature of 4° C in order to preserve 
the bacterial strains. 
Antibacterial activity  
Agar well diffusion method 
The antibacterial activities of secondary metabolites produced by B. lupulina bacteria were investigated in 
this study. Agar plates containing Mueller-Hinton medium were plated with swab samples of bacterial 
cultures (MHA). Using a sterile cork borer, wells with a diameter of 6 mm were punched out. In each well, 
80 μg/mL of each of the secondary metabolites produced by the bacteria was dispensed. All of the plates 
were placed in an incubator that measured bio-oxygen demand (BOD) and were heated to 37° C for a period 
of 24 hours to determine the zone of inhibition in bacteria [11]. 
Disc diffusion method  
Disc diffusion was also used to investigate whether or not secondary metabolites produced by bacteria 
have antibacterial capabilities. A lawn was created by distributing 100 μg/mL of each bacterial culture onto 
Mueller Hinton Agar medium plates, which resulted in a concentration of 1 108 CFU/mL. On a bacterial 
lawn, discs of Whatman filter paper of 5mm in diameter were coated with 10 μg/mL of the secondary 
metabolites produced by the bacteria. In order to determine which antibacterial secondary metabolites are 
the most efficient, an experiment with inhibition zones determined in (mm) [12]. 
Determination of minimum inhibitory concentration, minimum bactericidal concentration 
A stock solution of bacterial secondary metabolites with a concentration of 20 μg/mL was created by 
following the steps of a two-fold serial dilution technique, and then the solution was diluted in sterile Luria 
Bertani broth to achieve concentrations ranging from 20 to 0.048 μg/mL. For each test tube, a bacterial 
inoculum dilution of 100 μg/mL and a bacterial secondary metabolites dilution of 100 μg/mL were used. 
After the incubation, the minimum inhibitory concentration (MIC) was determined to be the lowest 
concentration that prevented the growth of bacteria. The investigated bacterial strains were sub-cultured 
combined with the bacterial secondary metabolites on agar plates using Nutrient Agar Medium (NAM) for 
the dilution process. This was done in order to evaluate the bacterial secondary metabolites MBC. It was 
determined that the MBC concentration was the one that put an end to bacterial development [13]. 
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Time‑kill efficacy assay 
The time kill efficacy test to determine if any bacteria were able to survive in the bacterial secondary 
metabolites of B. lupulina was performed with a little amount of modification. During the course of the 
experiment, several time intervals at 0, 2, 4, and 6 hours were used. The test microorganisms were each 
placed in their own jar of sterile Luria Bertani broth, which was then heated to 37°C for a period of 24 
hours. In order to test the time-kill effectiveness of bacteria, the standard tube dilution technique was used 
as the evaluation method. At 37°C, 1 mL of a dilution of 10-3 bacteria was exposed to an equivalent volume 
of a culture containing 50 μg/mL of E. roggenkampii for various amounts of time (0, 2, 4 and 6 h). After 
transfer, the incubated suspension at a concentration of 100 μg/mL was distributed over the agar plates 
using the spreader [14]. 
Statistical analysis 
The findings of the experiments were analyzed by computing the mean and standard error of the data 
obtained from all three repetitions. With the assistance of Microsoft Excel 2016, an analysis of variance 
(ANOVA) was carried out on the data. It was determined that the results were statistically significant when 
p was less than (p<0.05). 
 
RESULT AND DISCUSSION 
Isolation and Identification of Endophytic Bacteria from B. lupulina 
The nutrient agar medium was used to isolate the endophytic bacteria that were discovered in the stem of 
the B. lupulina plant. It was decided to continue with the original way of life of the colony of choice. It was 
discovered that the endophytic bacteria were rod-shaped and Gram-negative. The bacterial strain was 
further characterized by sequencing its 16S rRNA using a PCR-based method. The DNA that was amplified 
by PCR has a length of 1495 base pairs. The 16S rRNA gene sequence data for BLS02 showed similarities 
with those of Enterobacter roggenkampii (accession number MW024073). There is evidence that bacterial 
endophytes in plants may suppress populations of plant-harming diseases, insects, and nematodes [15]. 
Endophytes are known to be responsible for the production of secondary metabolites, thanks to the work 
of a significant number of researchers [16]. On the other hand, there is no research that has been published 
on the generation of secondary metabolites by endophytes of B. lupulina. On the stem of B. lupulina, the 
endophytic strain BLS02 was found, which was subsequently discovered to be E. roggenkampii. It was 
determined that BLS02 is a member of the genus Enterobacter based on its 16S rRNA sequence, which had 
a similarity of 98.5% with that of E. cloace. This result was in agreement with the previously published 
results [10]. 
Antibacterial activity assay of E. roggenkampii culture 
the agar-well and disc-diffusion methods that were used in the process of evaluating the antibacterial 
activity of bacterial secondary metabolites Figure 2 and Figure 3 illustrate, respectively, the findings of the 
agar well diffusion showed that the culture of E. roggenkampii was the most effective against L. 
monocytogenes, while the culture of S. typhii was the least effective. Disc-diffusion cultures of E. 
roggenkampii are the most successful against S. aureus and P. aeruginosa; however, these cultures are also 
less effective against S. typhii. The concentration of bacterial secondary metabolites at 20 μg/mL was shown 
to have a greater potential against L. monocytogenes compared to the concentrations of 10 μg/mL and 5 
μg/mL. It was discovered that the leaves and stems of the plants had antibacterial action because they had 
a high concentration of chemical components such as alkaloids, flavonoids, and tannins. It was observed 
that these compounds have pharmacological as well as physiological effects [17]. The antibacterial and 
antioxidant qualities of medicinal plants are garnering a large amount of attention from the food and 
pharmaceutical industries due to the availability of naturally occurring compounds that have the potential 
to replace man-made antioxidants and antimicrobials [18]. Plant polyphenols have an important part to 
play in the body's natural defense mechanisms against pathogenic bacteria. 
Time‑killing assay 
Qualitative analysis was shown in Table 1 of the time-killing experiment at various time points. Secondarily, 
bacteria were more effective at killing S. typhi and K. pneumoniae than they were at killing other bacteria, 
such as P. aeruginosa and S. aureus, as well as L. monocytogenes and E. coli. Bacterial survival and time-
killing test outcomes are both impacted by the concentration of bacterial secondary metabolites and time. 
As measured by the time kill test, which assesses how long an agent's bacteriostatic effect lasts at constant 
doses, antimicrobial agents and the mortality of the microbial population are proven to be strongly 
connected [19]. 
 
CONCLUSION 
The endophytic bacteria of B. lupulina have been discovered according to the sequencing data of the 16S 
rRNA gene, BLS02 is genetically related to the pathogen Enterobacter roggenkampii. Secondary metabolites 
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generated by Gram-negative, rod-shaped endophytic bacteria (E. roggenkampii) exhibit strong 
antibacterial action against S. aureus and P. aeroginosa. All six harmful bacteria were subjected to a time-
killing experiment, and S. aureus, P. aeruginosa, and K. pneumoniae decided to remain. 

 
Figure 1: Antimicrobial activity by well-diffusion method. 

 
Figure 2: Antimicrobial activity by disc-diffusion method. 

 
Table 1: Survival of bacteria/time-killing assay of Bacterial secondary metabolites 

Bacterial secondary metabolites 
 
    Bacterial species 

Log CFU/mL 
0 hr 2 hr 4 hr 6 hr 

L. monocytogenes 3.451 3.443 3.321 3.233 
P. aeroginosa 4.625 4.312 4.305 4.240 
E. coli 3.403 3.160 3.020 2.234 
S. typhi 2.502 2.175 2.124 NG 
S. aureus 4.034 3.446 3.375 3.245 
K. pneumoniae 4.340 3.250 2.674 NG 

 
ACKNOWLEDGEMENTS 
The authors would like to express their gratitude to the Department of Botany and Microbiology for 
providing them with the chance to conduct this research. 
 

0
2
4
6
8

10
12
14
16
18

Zo
ne

 o
f i

nh
ib

iti
on

 (m
m

)

Bacterial Species

Disc- diffusion Method

5 μg/mL 10 μg/mL 20 μg/mL

0
2
4
6
8

10
12
14
16
18

Zo
ne

 o
f i

nh
ib

iti
on

 (m
m

)

Bacterial Species

Agar-well diffusion Method

5 μg/mL 10 μg/mL 20 μg/mL

Kumar and Dubey 



BEPLS Vol 11 [11] October 2022              41 | P a g e            ©2022 AELS, INDIA 

ABBREVIATIONS 
(ABI) Applied biosystem; (ANOVA) Analysis of variance; (BOD) Biological oxygen demand; (CFU) Colony 
forming count; (LB) Luria bartani; (MBC) Minimum bactericidal concentration; (MHA) Muller Hinton agar; 
(MTCC) Microbial type culture collection; (PCR) Polymerase chain reaction; (MIC) minimal inhibitory 
concentration; (WHO) World health organization. 
 
REFERENCES 
1. Fussy A, Papenbrock J. (2021) An Overview of Soil and Soilless Cultivation Techniques-Chances, Challenges and 

the Neglected Question of Sustainability. Plants. (9): 1153. doi.org/10.3390/plants11091153. 
2. Yadav G, Meena M.(2021). Bioprospecting of endophytes in medicinal plants of Thar Desert: An attractive resource 

for biopharmaceuticals. Biotechnol Rep. 30(2): e00629. doi.org/10.1016/j.btre. 2021.e00629. 
3. Cao X, Wang X, Wang T, Chen Y, Yao N. (2022). Dynamic Shifts in the Root Microbiota of Cultivated Paphiopedilum 

armeniacum during Different Stages of Growth. Diversity. 14(5): 321. doi.org/10.3390/d14050321. 
4. Wu W, Chen W, Liu S, Wu J, Zhu Y, Qin L, Zhu B. (2021). Beneficial relationships between endophytic bacteria and 

medicinal plants. Front Plant Sci. 12(6): 758. doi: 10.3389/fpls.2021.646146. 
5. Meganck RM, Baric RS. (2021). Developing therapeutic approaches for twenty-first-century emerging infectious 

viral diseases. Nat Med. 27(3): 401-410. doi.org/10.1038/s41591-021-01282-0. 
6. Omagha R, Idowu ET, Alimba CG, Otubanjo AO, Adeneye AK. (2021). Survey of ethnobotanical cocktails commonly 

used in the treatment of malaria in southwestern Nigeria. Future J Pharm Sci.;7(1): 1-13. doi.org/10.1186/s43094-
021-00298-0. 

7. Nigam M, Atanassova M, Mishra AP, Pezzani R, Devkota HP, Plygun S, Sharifi-Rad J. (2019). Bioactive compounds 
and health benefits of Artemisia species. Nat Prod Commun. 14(7): 1934578X19850354. 
doi.org/10.1177/1934578X19850354. 

8. Kumari R, Kumar S, Kumar A, Goel KK, Dubey RC.(2017).  Antibacterial, antioxidant and Immuno-modulatory 
properties in extracts of Barleria lupulina Lindl. BMC complement Altern Med. 17(1): 1-11. 
doi.org/10.1186/s12906-017-1989-4 

9. Dar GH, Khuroo AA. (2020). An introduction to biodiversity of the Himalaya: Jammu And Kashmir State. 
In Biodiversity of the Himalaya: Jammu and Kashmir State, Springer, Singapore. 3-26. doi.org/10.1007/978-981-
32-9174-4_1. 

10. Kumar N, Dubey RC. (2022). Plant growth-promoting attributes of an endophyte Enterobacter roggenkampii 
BLS02 isolated from Barleria lupulina Lindl. Org Agri. 1-9. doi.org/10.1007/s13165-021-00375-x. 

11. Adeyemi, AI, Vincent, OI, Olujenyo, OM. (2018). Phytochemical screening and antifungal activity of Chromolaena 
odorata extracts against isolate of Phytophthora megakarya using agar-well diffusion method. Asian J Med Biol 
Res. ;4(1): 7-13. doi.org/10.3329/ajmbr. v4i1.36815. 

12. Kourmouli A, Valenti M, van Rijn E, Beaumont HJ, Kalantzi OI, Schmidt-Ott A, Biskos G. (2021). Can disc diffusion 
susceptibility tests assess the antimicrobial activity of engineered nanoparticles? J Nanoparticle Res. 20(3): 1-6. 
doi.org/10.1007/s11051-018-4152-3. 

13. Nguyen M, Brettin T, Long S, Musser JM, Olsen RJ, Olson R, Davis JJ. (2020). Developing an in silico minimum 
inhibitory concentration panel test for Klebsiella pneumoniae. Sci Rep. 201; 8(1): 1-11.doi.org/10.1038/s41598-
017-18972. 

14. Pradhan S, Dubey RC. Evaluation of phytochemical, antimicrobial and time-killing assay of Camellia 
species. Vegetos. 2020;33(4): 759-765. doi.org/10.1007/s42535-020-00153-2. 

15. Zheng Z, Li P, Xiong Z, Ma T, Mathivanan K, Praburaman L, Li J. (2022). Integrated network analysis reveals that 
exogenous cadmium-tolerant endophytic bacteria inhibit cadmium uptake in rice. Chemosphere. 134655. 
doi.org/10.1016/j.chemosphere.2022.134655. 

16. Baazeem A, Almanea A, Manikandan P, Alorabi M, Vijayaraghavan P, Abdel-Hadi A.(2021).  In vitro antibacterial, 
antifungal, nematocidal and growth promoting activities of Trichoderma hamatum FB10 and its secondary 
metabolites. J Fungi. 7(5): 331. doi.org/10.3390/jof7050331 

17. Kavanagh ON, Croker DM, Walker GM, Zaworotko MJ. (2019). Pharmaceutical cocrystals: from serendipity to 
design to application. Drug Discov. 24(3): 796-804. doi.org/10.1016/j.drudis.2018.11.023. 

18. Savadi S, Vazifedoost M, Didar Z, Nematshahi MM, Jahed E. (2020). Phytochemical analysis and 
antimicrobial/antioxidant activity of Cynodon dactylon (L.) Pers. rhizome methanolic extract. J Food Qual. ;17(8). 
doi.org/10.1155/2020/5946541. 

19. Taha M, Kyluik‐Price D, Kumaran D, Scott MD, Toyofuku W, Ramirez‐Arcos S. (2019). Bacterial survival in whole 
blood depends on plasma sensitivity and resistance to neutrophil killing. Transfusion ;59(12): 3674-3682. 
doi.org/10.1111/trf.15550. 

 
 
 

 
 
CITATION OF THIS ARTICLE 
Nikhil Kumar, Ramesh Chandra Dubey. In-vitro study of anti-bacterial and time‐kill efficacy assay of Enterobacter 
roggenkampii BLS02 from Barleria lupulina Lindl.. Bull. Env.Pharmacol. Life Sci., Vol 11 [11] October 2022 : 37-41 

Kumar and Dubey 


