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Abstract: The increase in multidrug-resistant pathogens has created new anti-pathogenic and anti-virulence compounds. This is 
because of the behavioural changes bacteria acquire, such as increased antibiotic resistance and virulence capacity. This social 
behaviour is maintained through a signalling transduction pathway called Quorum sensing. The present study aims to evaluate the 
inhibition of quorum sensing in Bacillus subtilis with Myristica fragrans seed extract. The seed of M. fragrans is called nutmeg. 
Methanolic nutmeg extract was used to test the anti-quorum sensing activity of B. subtilis. Total flavonoid and phenolic 
concentrations of nutmeg were estimated. 10 µg/ml, 30 µg/ml, 50 µg/ml, 70 µg/ml and 90 µg/ml concentrations of nutmeg extract 
were used to check against bacterial motilities and biofilm formations. Inhibition of biofilm formation was observed under a 
fluorescence microscope, and inhibition of swimming and swarming motilities were observed on 0.3 % and 0.5 % agar plates, 
respectively. These observations suggest that the seed of M. fragrans showed anti-quorum sensing activity against B. subtilis. This 
research work helps to study and isolate natural quorum-sensing inhibitors from medicinal plants. These inhibitors can synthesize 
novel anti-pathogenic or anti-virulence drugs that combat bacterial infections by interrupting with quorum-sensing controlled 
phenotypes and decreasing bacterial virulence.  
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1. INTRODUCTION 
 
Quorum sensing is a multicellular and group behaviour 
expressed by bacteria. The expression of these bacteria's 
genes and characters depends on their species' cellular density. 
When the concentration of signalling molecules produced by 
these bacteria reaches a certain threshold level, bacteria will 
start expressing quorum-sensing regulatory genes and their 
respective phenotypes. This multicellular or group behaviour 
is called quorum sensing 1. 
 
1.1. Mechanism of quorum sensing in Gram-negative 

and Gram-positive bacteria 
 
The mechanism of QS mainly depends on the synthesis and 
release of signalling molecules. These signalling molecules are 

different in Gram-negative and Gram-positive bacteria. These 
molecules are divided into 3 classes: 1. AHLs (N-acyl 
homoserine lactones) in Gram-negative bacteria; 2. 
Autoinducing peptides/oligopeptides in Gram-positive 
bacteria; 3. AI-2 molecules. These are the signalling molecules 
both in Gram-negative and Gram-positive bacteria. These 
signalling molecules have an essential role in the production of 
infection by bacteria. When the number of signalling molecules 
if crossed a threshold level, these signals bind to their 
respective response regulators and express their target genes 
(Fig. 1). The expression of target genes leads to the expression 
of various quorum sensing phenotypes like the production of 
virulence factors, biofilm formation, antibiotic resistance, 
motility, etc2. 

 

 
 

Fig 1:  A) Quorum sensing signalling mechanism in Gram-negative bacteria: the signalling molecules (AHLs) are 
produced from autoinducer synthase (LuxI) and diffused out of the bacterial cell. When the number of signalling 

molecules reaches to a threshold value, the signalling molecules will bind to regulatory proteins and form the 
AHL-LuxR complex to initiate target gene expression. B) Quorum sensing signalling mechanism in Gram-

positive bacteria: When the number of autoinducing peptides (  ) reaches a particular threshold 
value, then the sensor kinase protein present in the cell membrane was activated and phosphorylated 

the response regulator and binds to promoters to express QS target genes. 
 

1.2. Mechanism of quorum quenching 
 
Quorum quenching defines the mechanism of inhibiting 
quorum sensing signalling by quorum sensing inhibitors. This 
process is done at different levels: 1) Inhibition at the level of 
autoinducer synthases, 2) Inhibition at the level of signalling 
molecule and receptor binding, 3) Inhibition at the level of 
target gene expression. This inhibition of bacterial 
communication leads to the attenuation of virulence capacity. 

The ideal quorum-sensing inhibitor has specific features; it 
should be chemically stable with low molecular mass and show 
high specificity towards quorum-sensing regulatory protein 
without causing side effects in bacteria and its host. Quorum 
sensing is an important signalling mechanism for antibiotic 
treatment failure in many bacteria. Many antibiotic-resistant 
bacteria were not killed by using normal antibiotics. Quorum 
sensing studies help achieve novel methods for treating many 
bacterial diseases by reducing their pathogenicity without 
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affecting their growth 1. This is a behavioural modification of 
bacteria without affecting their growth and cellular 
modifications. Therefore, in recent years, the development of 
novel quorum quenching drugs has had great benefits 2. 
 
1.3. Plants as natural quorum-sensing antagonists 
 
Recently there has been an increase in interest in the 
therapeutic role of natural plant extracts in decreasing the 
interactions between microbes. The use of plants, plant 
products, and their purified components could open up the 
possibility of using these compounds as novel anti-quorum 
sensing agents. Nowadays, plant-derived developments have 
led to the invention of new drugs to treat central chronic 
infections caused by microbes. Many essential oils show 
quorum quenching activity against pathogenic bacteria. For 
example, Spice oils from cumin, pepper & fennel act against C. 
violaceum, Essential oils of Thymus daenensis & Satureja hortensis 
against Staphylococcus aureus and Eucalyptus globules & 
Eucalyptus radiate against Acinetobacter baumannii, etc3.In this 
study, Myristica fragrans seed extract is used to test against the 
quorum-sensing activity of Gram-positive B. subtilis. Bacillus 
subtilis cause many infectious diseases like pulmonary diseases 
and endocarditis in drug abusers 4,5. M. fragrans is native to the 
rainforest of Indonesia 6. Nutmeg is a seed used as a spice in 
food recipes produced from the M. fragrant tree. This fruit and 
seed were widely used as a flavouring agent in several dishes. 
In India and the Middle East, this spice is used as medicine. 
Nutmeg essential oil has antimalarial activity 7. Biosynthesized 
nanoparticles from nutmeg were used to treat multidrug-
resistant typhoid-causing bacteria 8. Mace is used as a spice 
that covers the nutmeg seed. Nutmeg produces essential oils 
that treat rheumatism, general aches, inflammations, and limb 
pains 9. Nutmeg is used to promote sleep and to treat nervous 
complaints. The kernel of nutmeg produces essential oils, fats, 

and starch. The majority of constituents present in the oils 
control several enzyme activities 10. B. subtilis is a soil microbe 
expressing quorum-sensing phenotypes such as swimming and 
swarming motility assays, biofilm formation, exoprotease 
production, etc. B. subtilis regulates the quorum sensing 
through the ComQXPA quorum sensing system. Biofilm 
formation and motility behaviour were expressed by the B. 
subtilis bacterium, which increases the infectious nature of 
bacteria. In this study, we tested nutmeg oil's anti quorum 
sensing activity against motility and biofilm formation of B. 
subtilis 11. Nowadays, traditional antibiotics may lead to the 
development of multidrug-resistant bacteria, which may lead 
to failure in treatment of several infectious diseases. 
Therefore, this work mainly focuses on suppressing or 
decreasing the pathogenicity microbe instead of killing by using 
M. fragrans (nutmeg) seed extract.  
 
2. MATERIALS AND METHODS 
 
2.1. Bacterial growth and culture conditions 
 
Bacillus subtilis, a Gram-positive bacterium was used in this 
study. It was maintained at 37oC in Nutrient agar media. The 
test organism was purchased and obtained from Microbial 
Type Culture Collection (MTCC). 
 
2.2. Preparation of plant extract 
 
Methanolic extract of nutmeg powder was used to test 
antiquorum sensing activity. Nutmeg seeds were bought from 
local Ayurveda shops of Sri Potti Sriramulu Nellore District, 
Andhra Pradesh, India. Nutmeg is a seed produced from the 
fruit of the Myristica fragrans tree (Fig.2). The following 
methods were used to make the final extract of nutmeg 
powder.

 

 
 

Fig 2: Seed of Myristicafragrans (Nutmeg) 
 

Methanol (95%) was used for the extraction process. Nutmeg 
powder (100grams) was weighed and extracted with 400ml of 
95% methanol. Soxhlet apparatus (Merk) was used for this 
extraction method. The total extraction method was run at 4 
cycles and 50oC temperatures. The solvent was collected and 
stored at 4oC until use 12. The total solvent that was collected 
after the soxhlet extraction process was concentrated using a 
rotary evaporator at 50oC. When the required amount of 
extract was formed it was collected into Petri dishes. The 
remaining solvent (methanol) was evaporated in a hot air oven 
at 50oC and finally, the crude extract was stored at 4oC until 
use 13. Total nutmeg powder of 100 grams (Ey) was processed 
into the final crude extract of 7.76 grams (Ex). The percentage 
of yield of plant extract was 7.76% w/w and the formula 
calculated it  
 
 

 
 
Ey= Weight of plant powder 
Ex= Final crude extract of plant powder 
 
2.3. Estimation of total flavonoid and phenol 

concentrations 
 
2.3.1. Estimation of total flavonoid content 
 
Total flavonoid concentration was estimated by standard 
aluminium chloride colorimetric assay 15. A common solution 
of Quercetin in concentrations 20, 40, 60, 80, and 100µg/ml 
was prepared in 50% Methanol. These diluted standard 
solutions (0.5ml) were mixed separately with 1.5ml of 95% 
ethanol, 0.1ml of 10% aluminium chloride, 0.1ml of 1M 
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potassium acetate and 2.8ml of distilled water. After 
incubation at room temperature for 30min, the absorbance of 
the reaction mixture was measured at 435nm. The amount of 
10% aluminium chloride was substituted by the same amount 
of distilled water in the blank. Similarly, 0.5ml of Methanol 
extracts were reacted with aluminium chloride to determine 
flavonoid content. 
 
2.3.2. Estimation of total phenol content 
 
Total phenolic content of each extract was determined by the 
Folin–Ciocalteu method 16. In brief, Folin–Ciocalteu reagent 
was diluted 10-fold with distilled water. First, the methanolic 
extract of nutmeg (0.1ml) was mixed with 0.75ml of the 
diluted Folin–Ciocalteu reagent and incubated for 10 minutes 
at room temperature. Then, 0.75ml of 2% sodium carbonate 
(w/v) solution was added. The mixture was allowed to stand 
in the dark for 45 minutes and OD at 600nm was measured 
against a blank, containing distilled water instead of sample 
extract. Total phenolic concentration values were determined 
from a calibration curve prepared with Gallic acid standards 
(20, 40, 60, 80, 100µg/ml).  
 
2.4. Preparation of standard concentrations 
 
Required concentrations of the methanolic seed (nutmeg) 
extract and standard to be tested for antiquorum sensing were 
prepared by dissolving in Dimethyl Sulphoxide (DMSO). 
Quercetin was used as a standard to test anti quorum sensing 
activity 17. All stocks were stored at 4oC until use. 
 
2.5. Antiquorum sensing assays 
 
Nutmeg powder extract was used to test antiquorum sensing 
activity against B. subtilis bacteria. Quercetin can be used for all 
antiquorum sensing studies as a standard comparison for 
quorum sensing inhibition 17. Therefore, we selected inhibition 
of quorum sensing phenotypes which are expressed by the 
desired bacteria.   
 
2.5.1. Motility assays 
 
Gram-positive B. subtilis bacterium was selected for motility 
assays. This organism exhibits swimming and swarming 
motilities when placed in the plate's centre with 0.5% and 0.3% 
agar, respectively. These motility assays were observed for the 
motility of bacteria in semisolid and liquid agar media. 
 
2.5.1.1.  Swarming motility 
 
Swarming motility assay for B. subtilis was done by pointing a 
small drop of the organism at the center of agar medium plates 
containing 0.5% NaCl, 1% peptone, 0.5% filter sterilized D-
glucose, and 0.5% agar with increasing concentrations 
(10µg/ml to 90µg/ml) of test samples. Plates with M. fragrant 
extracts were treated as test controls. Plates with Quercetin 

were treated as positive control and plate without any test 
extracts were treated as a negative control. A swarming plate 
with DMSO was also observed for motility inhibition. After 
solidification, all plates were incubated in upright positions at 
37oC and for 24h 18. 
 
2.5.1.2. Swimming motility 

 

A swimming motility assay of B. subtilis was done by pointing a 
small drop of an organism at the centre of agar medium plates 
containing 0.5%Tryptone, 0.5% NaCl and 0.3% agar with 
increasing concentrations (10µg/ml to 90µg/ml) of test 
samples. Plates with M. fragrant extracts were treated as test 
controls. Plates with Quercetin were treated as positive 
control, and plate without any test extracts were treated as 
negative control. A swimming plate with DMSO was also 
observed for motility inhibition. After solidification, all plates 
were incubated in upright positions at 37oC and for 24h18. 
 
2.5.2. Antibiofilm activity 
 
2.5.2.1. Microscopic analysis 
 
The microscopic analysis of biofilm confirmed the inhibition of 
biofilm production by nutmeg extract. Fluorescence 
microscopic analysis was used for this assay. For all techniques, 
B. subtilis culture was incubated in a static position with broth 
and test samples in the test tubes. All tubes were incubated 
with 18X18mm coverslips to form biofilm on the coverslips. 
All incubated coverslips with test samples were recovered and 
stained with 0.2% Acridine orange dye for 2 minutes, washed 
with distilled water, and air dried. All stained coverslips were 
mounted on slides and observed under fluorescence 
microscope at 10X magnification 19. 
 

2.6. Statistical analysis 
 
All results were analyzed as mean±SD. All statistics were 
analyzed using the Prism software. 
 
3. RESULTS AND DISCUSSION 
 
We have already studied antibacterial study of methanolic 
extract of nutmeg 20.  
 
3.1. Estimation of total flavonoid and phenol 

concentrations 
 
The result of total flavonoid and phenolic content in crude 
extract of nutmeg powder was estimated using the equation 
of calibration curve of Quercetin standard was y = 0.0057x - 
0.0926 and for Gallic acid was y = 0.0002x - 0.001. It is 
observed that flavonoid concent is more than phenolic 
concent in the methanolic crude extract of nutmeg powder 
(Fig. 3).
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Fig 3: Graph representing Total flavonoid and phenolic concentration in Nutmeg powder;  
TPC: Total phenolic concentration; TFC: Total flavonoid concentration 

 
3.2. Motility and biofilm formation assays 
 
B. subtilis organism can switch between two mutual lifestyles, 
motility and biofilm formation. This bistable switch controls 
bacteria to grow under unfavourable environments 21,22. 
 

3.2.1.  Swimming and Swarming motility 
 
Bacteria can't modify the environment because of their tiny 
size and structure; therefore, they adapt to move towards 
environments that can increase their prospects for survival 23. 
This ability of bacteria to move towards food and away from 
stressful environments is called motility. Swarming is 
multicellular motility on semisolid surfaces 24. Swimming 
motility is an individual cell movement of bacteria in liquid 
medium or medium with lower agar 25. By quorum sensing 
signalling, swimming and swarming cells are usually 
differentiated from vegetative cells by forming multicellular 

groups between the same or different species. These 
swimming and swarming behaviours create resistance to 
multiple antibiotics 26. Generally, bacteria can move in 1 or 3-
dimensions. Bacteria moving on surfaces without the help of 
flagella is called gliding motility and movement with the help of 
flagella is called swarming motility. Bacterial movement in all 
three dimensions is called swimming motility 27. Motility 
inhibition tests were done because bacterial motility was 
associated with its virulence capacity (Fig. 4 (i) & (ii) and Fig. 5 
(i) & (ii)) 28. We examined the swimming motility of B. subtilis 
in 0.3% agar medium (Fig. 5 (i) & (ii) and the swarming motility 
of B. subtilis in 0.5% agar medium in Petri plates (Fig. 4 (i) & (ii). 
Distance travelled by the organism from the center of the plate 
towards the edge of the plate is considered as 
swimming/swarming motility and this distance was measured. 
A concentration dependent decrease in the motilities was 
observed with test extracts (Fig. 4 & 5). Nutmeg extract 
showed an observable inhibition in the motility of B. subtilis.
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Fig 4: Effect of M. fragrans seed extract on swarming motility of B. subtilis: (i) Quantitative analysis of motilities 
of B. subtilis by M. fragrans seed (10-90 µg/ml) extract were measured by distance travelled by bacteria in cm. 

Values are the average of triplicate independent experiments and SDs are shown. Bars with**** represent 
P<0.0001. (ii)A) Negative control, ‘B’ to ‘F’) Plates seeded with M. fragrans (10-90 µg/ml), G) Plate 

Seeded with DMSO, ‘H’ to ‘L’) Plates seeded with Quercetin (10-90 µg/ml). 
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Fig 5: Effect of M. fragrans seed extract on swimming motility of B. subtilis: (i) Quantitative analysis of motilities 
of B. subtilis by M. fragrans seed (10-90 µg/ml) extract were measured by distance travelled by bacteria from 

the centre of the plate in cm. Values are the average of triplicate independent experiments and SDs are shown. 
Bars with **** represent P<0.0001. (ii)A) Negative control, ‘B’ to ‘F’) Plates seeded with M. fragrans 
(10-90 µg/ml), G) Plate seeded with DMSO, ‘H’ to ‘L’) Plates seeded with Quercetin (10-90 µg/ml). 

 
Bacteria increase pathogenicity because of their multicellular 
motility. This multicellular behaviour will depend on 
extracellular signals and intracellular physiological 
parameters—bacterial swimming and swarming motility 
influence many pathogen and host interactions to make 
healthier infections in hosts 29. The motility of bacteria 
depends on the presence of sufficient potassium ions. Since 
potassium ions will stimulate the secretion of surfactin 30. 
Lipopeptide Surfactin enhances the surface motility of B. subtilis 
in liquid and semiliquid mediums. B. subtilis uses this compound 
to colonize plant roots 26. Ifm is the gene locus of flagella of B. 
subtilis that requires for the motility of this peritrichous 
organism. SwrA is the operon in B. subtilis that controls flagella 
assembly and regulates swarming motility 31. Bacterial motility 
is a proficient adaptive strategy that allows bacteria to 
overcome nutrient limitations or stressful environments and 
move towards nutrient-rich environments. 
 
3.2.2. Antibiofilm activity 
 
Communities of B. subtilis bacteria form biofilms 32. Biofilm 
formation is a process in which bacterial cells accumulate and 
placed in a matrix formed with an extracellular polysaccharide 
substance (EPS). For many decades, B. subtilis is a model 
organism to study Gram-positive bacteria. B. subtilis forms 3-
dimensional biofilms invitro: pellicle biofilm, colony biofilm and 

surface-attached biofilm. Populations of B. subtilis form biofilms 
in intestinal tracts and skin of humans and roots of plants 33. 
Antibiofilm studies were done with nutmeg extract against B. 
subtilis biofilm. 
 
3.2.2.1. Quantification of biofilms 
 
MTT and MBEC assays are done in microtiter plates to 
quantify the biofilm present in wells after treating the bacteria 
with test extract. MTT assay is a Micro titer plate assay that 
quantifies the biofilm after incubating the B. subtilis culture for 
24 hrs with and without test extracts. MBEC is a minimum 
biofilm eradication assay to quantify the biofilm that is 
eradicated after 16-18 hrs of incubating the B. subtilis culture 
with and without test extracts. We have already done these 
studies earlier 20. 
 
3.2.2.2. Fluorescence microscopic analysis  

 

All coverslips incubated in B. subtilis bacterial culture with 
nutmeg and Quercetin samples were observed under a 
fluorescence microscope. A concentration-dependent 
decrease in the biofilm formation was observed on all 
coverslips. Less biofilm formation was observed on coverslips 
incubated with extract than Quercetin (Fig. 6) 20.
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Fig 6: Fluorescence microscopic analysis of B. subtilis biofilm: NC: Negative control;  
MF: M. fragrans; Q: Quercetin. 

 
Generally, medicinal plants, various species of marine algae, 
higher plants, dietary fruits, herbs, and spices were used to 
treat bacterial infections. When we tested the methanolic 
extract of nutmeg powder against quorum sensing, there was 
a decrease in swimming and swarming motilities in B. subtilis 
(Fig. 4(i)&(ii) and Fig.5(i)&(ii)). Quercetin is used as a standard 
against quorum sense because there are studies that 
Quercetin has anti-quorum sensing activity 17. Quercetin is a 
pure flavonoid having antiquorum sensing and antibacterial 
activity. In this study, compared to Quercetin, our test extract 
has higher anti quorum sensing activity than the positive 
control.  
 
4. CONCLUSION 
 
Nutmeg oil has a long history of use in India and worldwide 
for a wide range of medicinal uses as well as cosmetic 
purposes. The present study is to identify the anti-quorum 
sensing activity of the methanolic extract of nutmeg. The 
significant advantage of using nutmeg extract it specifically 
intrudes into an expression of B. subtilis quorum sensing 
phenotypes (biofilm formation, swimming and swarming 
motilities) rather than being bactericidal. Inhibiting quorum 
sensing phenotypes may offer new hope in combating 
multidrug-resistant and high pathogenic bacteria with future 

applications in different fields, including agriculture, 
aquaculture, veterinary, medicine, and food industries. Future 
work helps identify and synthesize anti-pathogenic drugs 
against bacterial quorum sensing.   
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