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Original Research Article

The butterfly pea (Clitoria ternatea L.) is a plant with various potential health benefits due to the presence of many
bioactive compounds. The leaves contain triterpenoids, flavonoids, glycosides, and alkaloids. In the present
experimental work, the leave extracts treated with planetary sound (Sound of Earth and Sound of Jupiter) classified as
Medium-low frequency sound waves (200 Hz to 1 KHz), in methanol were checked for bioactive components through
GC-MS and the third set was kept as control. Different bioactive compounds identified, were further estimated by using
Lupeol (Merck, India) as an external standard. In compounds common among plants treated with Earth’s sound and
control, 3-O-Methyl-d-glucose from plants treated with Earth’s sound was highest at 1.20 PPM. Compounds common
among plants treated with Jupiter’s sound and control, 3-Hexenal from plants treated with Jupiter’s sound was found to
be highest with 1.87 PPM, Similarly, compounds common among plant’s treated with Earth’s sound and Jupiter’s sound,
Gamma sitosterol from leaves of plants treated with Earth’s sound was found to have highest value i.e, 1.27 PPM.
Compounds that were common for all the three groups, plants treated with Earth’s sound was found to have increased
Squalene with 1.23 PPM. A general trend of phytochemicals from plants treated with planet Earth’s sound had an
elevated value. This suggests that the treatment of planet Earth’s sound has tremendous impact on the production of

secondary metabolites in the referred species.
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INTRODUCTION

Phytoacoustics is a newly emerging field of
research that explores the ability of plants to emit sounds
and respond to sounds in their environment. Plants have
been shown to sense and respond to various stimuli such
as light, volatiles, touch, and sound (Khait et al., 2019).

Sound reception can provide significant
advantages for plants as it is a fast-traveling sensory
input that is naturally present in the environment. Sounds
carry valuable information about the presence of
pollinators, herbivores, frugivores, weather conditions,
and essential resources like water. Therefore, it is
expected that natural selection would favour plants with
even basic abilities to respond to sounds, leading to
improved variety on continuous applications.

Recent studies have demonstrated that plants
exhibit physiological responses to sound stimuli. They
have also revealed morphological adaptations in plants
that are related to acoustic signalling. Furthermore, the
emission of sound by plants themselves has been
documented (Khait et al., 2023). Sound-induced changes
in calcium ion (Ca2+) signatures and reactive oxygen
species (ROS) concentrations, as well as differential
gene expression, have been observed in Arabidopsis
(Monshausen et al., 2009).

Overall, the study of Phytoacoustics provides
insights into how plants perceive and interact with their
acoustic environment. Understanding the adaptive
significance of sound responsiveness in plants can shed
light on their ecological roles and interactions with other
organisms.
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During the Voyager | mission, a device known
as the "Plasmawave recorder" was utilized to capture and
convert different forms of radiation and waves into
audible sounds. This instrument was specifically
designed to investigate various plasma waves and their
interactions in the vastness of deep space. By converting
these phenomena into audible sounds, scientists and
researchers could study and analyse the complex patterns
and behaviours of plasma waves and their effects in the
interstellar environment. This provided valuable insights
into the nature of electromagnetic phenomena, radio
waves, and other interactions occurring within the
planetary magnetosphere, ionosphere, and solar winds.
Additionally, the instrument allowed for the detection
and recording of natural occurrences such as
earthquakes, lightning storms, chemical rain, volcanic
eruptions, and the rotational movements of planetary
bodies. The availability of these planetary sounds
collected by NASA offers a unique opportunity to
explore and appreciate the diverse and dynamic nature of
our cosmic surroundings and this can be used to
understand the underline of a favourable environment
and finding the existance of life hence, leading to Human
colonization (Dash et al., 2009).

Clitoria ternatea L., commonly known as
butterfly pea or blue pea flower, is a perennial climber
belonging to the Plantae kingdom, Tracheophyta
phylum, Magnoliopsida class, and Fabaceae family. It is
grown as an ornamental plant and is distributed in
various regions, including India, the Philippines, and
tropical Asian countries. The plant has blue flowers and
different flower colour variations. It is also used as a
food colorant in Southeast Asia. Butterfly pea is known
for its ability to suppress weeds, enrich soil through
nitrogen fixation, and is considered a nootropic herb in
Ayurvedic medicine. The plant prefers full sunlight or
partial shade and has pinnate leaves and elongated seed
pods. The seeds are oval-shaped and can be consumed
when tendered (Jeyaraj et al., 2020).

Reports on C. ternatea flowers contain protein,
fibre, carbohydrates, and fats, along with high moisture
content. They are also rich in minerals such as calcium,
magnesium, potassium, zinc, sodium, and iron. The
flowers contain various bioactive compounds, including
anthocyanins  (ternatins), flavonols, fatty acids,
phytosterols, tocols, and other identified components
(Kalmankar et al., 2020). Through RNA-Seq data and de
novo transcriptome assembly, the researchers identified
71 cyclotide precursor genes in C. ternatea. Among these
genes, 51 sequences displayed unique cyclotide
domains, including 26 novel cyclotide sequences, which
were found in four different tissues of the plant. The
cyclotide diversity was confirmed through MALDI-TOF
mass spectrometry analysis of tissue extracts coupled
with the precursor protein sequences obtained from the
transcriptomic data (Villareal et al., 2013).

MATERIALS AND METHODS
Soil Collection

In this experiment, two materials were used:
alluvial soil and coco peat. The alluvial soil was
collected from the riverbank of Mahanadi River Basin at
Jobra, Cuttack, with the coordinates 20°28.0199'N
85°53.7779'E. The collection took place in December
2017. On the other hand, coco peat was procured from
the Regional Plant Resource Center (RPRC) located at
CRP Ekamra Kanana Road, IRC Village, Nayapalli,
Bhubaneswar, Odisha. For soil preparation, alluvial soil
was 40 % and coco peat used was 60% (Oquis et al.,
2019). The two materials were mixed thoroughly to
ensure proper blending. The resulting mixture was then
packed into trays with dimensions of L=33cm, B=17cm,
and H=14cm.

Seed Collection

The seeds of Clitoria ternatea L. (White
Variety), specifically the Aparajita variety, were
collected from the "Simlipal National Bio-reserve
Forest" located in the Mayurbhanj district of Odisha,
India. The collection site has coordinates 21°50'N
86°20'E and is situated in the northern part of Odisha.

To facilitate further experiments, a larger
quantity of seeds, amounting to three kilograms, was
procured in the summer month of January 2018. These
seeds were carefully inspected, tested, and approved by a
senior scientist at the Regional Plant Resource Center
(RPRC) located at CRP Ekamra Kanana Road, IRC
Village, Nayapalli, Bhubaneswar, Odisha. The
procurement process ensured that the seeds met the
necessary quality standards for conducting subsequent
experiments.

Sound sourcing

To provide the planetary sound stimulus, a
Philips SPA8140B/94 40 W 4.1 Channel music system
was employed. The system played the planetary sound
for three hours a day, with a one-hour gap after each
application, for the plant system to absorb the stimulus.
The sound recordings of both Earth and Jupiter were
obtained from NASA's official website [23]. The sound
files were further analysed using Audacity© software,
specifically version 3.2.3.

The analysis revealed that the sound of Jupiter
had a frequency of 44100 Hz, while the sound of Earth
had a frequency of 22050 Hz. Both sound waves fell
within the medium-high frequency range of audible
sound.

Seeding and growing of Plants

In this study, a total of 20 pots were used and
divided into two groups: Control and Planetary sounds
(Earth and Jupiter). Each pot was then used to sow
Clitoria ternatea L. (White variety), Aparajita seeds.
The seeds were arranged in three rows and five columns
within each pot, resulting in a total of 15 seeds placed in
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a single pot. After planting the Aparajita seeds, all the
trays were marked and divided into three batches:
Control, seeds treated with Planet Earth's sound, and
seeds treated with Planet Jupiter's sound. Each batch
consisted of 20 pots, and each pot contained 15 seeds.

The trays from all three batches were placed in
a controlled environment with a room temperature of
about 28°C to 30°C (Purnadurga et al, 2018). The
humidity and light conditions were also controlled, and
the plants were exposed to light for a duration of 4 to 5
hours. This controlled environment ensured that the
germination and growth conditions were consistent
across all batches, allowing for a more accurate
comparison of the effects of the different treatments on
the Aparajita seeds.

For the experimental setup, three identical
rooms were allocated to house the different batches: the
control group, seeds growing under the influence of
Planet Jupiter's sound, and seeds growing under the
influence of Planet Earth's sound. Each room had the
same dimensions, measuring 548.7 cm (length) x 335.3
cm (width) x 305 cm (height). In each room, a table was
placed at the center, with dimensions of 72 cm (length) x
165 cm (width) x 85.34 cm (height) (L x B x H). This
table served as the base for the setup.

All three setups, including the control and the
two experimental groups, were subjected to the same
physiological conditions. This ensured that the
environmental factors such as temperature, humidity,
and light were consistent across all setups. By
maintaining these conditions, any observed differences
in the growth and development of the Aparajita seeds
could be attributed to the specific treatment received
(control, Jupiter's sound, or Earth's sound) rather than
variations in the physiological conditions.

Sampling of leaves
After two months of growth, plant leaves were
taken from each setup, dried in dehydrator at 35°C for 24

hours. The dried matter was crushed and the plant extract
prepared using absolute alcohol, Methanol using Soxhlet
apparatus. The extract was further dried using rotary
vacuum evaporator. The dried plant extract was stored at
4 ° C for further use.

Gas Chromatography Mass Spectrometry (GC-MS)
Analysis

In the process of analysing the methanolic
extract of control and treated samples, several steps were
followed. After the initial processing, which involved the
addition of 250 mg/ml sodium sulfate, the extract
underwent filtration using PTFE syringe filters with a
pore size of 0.2 microns and a diameter of 13mm. This
filtration process ensured the removal of any particulate
matter or impurities from the samples.

Once filtered, the samples were transferred to
GC vials for further analysis. The GC-MS (Gas
Chromatography-Mass = Spectrometry) analysis was
performed using a Shimadzu TQ-8040 system with an
SH-Rtx-5MS column. The following conditions were
employed during the analysis:

Sample runtime: Approximately 45 minutes in mass
spectrum, Column: SH-Rtx-5MS

Each component was identified by analyzing
their retention time and the percentage of the peak area
of each compound. The identification was done using the
NIST structural library [7]. Furthermore, the
quantification of bioactive metabolites was carried out
using lupeol as the external analytical standard, obtained
from Sigma. Lupeol is a reference compound used to
quantify the target compounds present in the samples.
Overall, the GC-MS analysis allowed for the
identification and quantification of various compounds
present in the methanolic extract, providing insights into
the composition and potential bioactive metabolites of
the control and treated samples.

The GC-MS analysis of the methanolic extract was
performed using the following conditions:

Table 1: Showing GC-MS conditions implemented during a run

lon source temperature

200°C

Interface temperature

280°C

Solvent cut time

2 minutes

Column oven temperature

50°C

Injection temperature

250°C

Injection mode

Splitless

Sampling time

1.00 minute

Carrier gas

Helium

Pressure

100.1 kPa

Column flow

1.69 ml/min

Column thickness

0.25 um

Column length

30m

Column diameter

0.25 um
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These conditions were set to ensure optimal
separation, retention, and analysis of the compounds
present in the methanolic extract. The specific
temperature settings, injection mode, sampling time,
carrier gas, pressure, column flow, and dimensions of the

column were chosen to achieve accurate and reliable
results in the GC-MS analysis.

RESULT
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Figure 1: Chromatogram of 2.5 PPM Lupeol injection
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Figure 2: Chromatogram of 14

PPM Lupeol injection

Table 2: Standard grid for Lupeol with peak area and concentration

SI. No | Sample | Molecular Molecular Peak Area Concentration (PPM)
Formula Weight

1 Lupeol C3oH500 426.7 g/mol 0 0

2 Lupeol C3oH500 426.7 g/mol 16372881 2.5

3 Lupeol Ca3oH500 426.7 g/mol 1755944423 14

Quantification of Bio active compounds

To prepare the standard solutions, Lupeol
(Sigma) was dissolved in LC-MS grade methanol
(99.99%) at concentrations of 2.5 ppm and 14 ppm.
These standard solutions were then injected into the
GC-MS system, maintaining the previously mentioned
conditions (Table 1).

During the analysis, the elution time for Lupeol
was found to be 25 minutes for the 2.5-ppm standard and
17.08 minutes for the 14-ppm standard (Table 2). Both
standards exhibited a single peak in the chromatogram,
as shown in Figure 1 and Figure 2.

A linear progression standard graph was
constructed by plotting the peak area of the Lupeol
standard solutions against their respective concentrations
(ppm). From this Figure 3, the line formula was derived,
allowing for the calculation of the concentration of all
the bioactive compounds present in the samples, as
outlined in

The standard graph provides a quantitative
relationship between the peak area and the concentration
of the bioactive compounds, enabling the determination
of their concentrations in the analysed samples.
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Figure 3: Standard plot of Lupeol as external standard
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Figure 4: GC-MS Chromatogram of methanol extract made from leaves of control plants
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Figure 5: GC-MS Chromatogram of methanol extract made from leaves of plants treated with planet Earth’s Sound
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Figure 6: GC-MS Chromatogram of methanol extract made from leaves of plants treated with planet Jupiter’s Sound

© 2023 Scholars Academic Journal of Biosciences | Published by SAS Publishers, India 201




Aditya Kumar Dash et al., Sch Acad J Biosci, Jun, 2023; 11(6): 197-206

Table 3: Compounds from GC-MS analysis found common in plants treated with Earth’s sound and control, Jupiter’s sound
and control, and plants treated with Jupiter’s and Earth’s Sound

Sl. | Compounds Present Chemical Canonical SMILES Biological Activity/Uses Reference
No | only in Treated (the Group String
Earth's Sound) and in
Control
1 Benzaldehyde, benzoyl Cccicccececeice=0 Plant Metabolite, (Masoudi et al.,
2-methyl- derivatives Flavouring agent 2009) (Dionisio et
al., 2018) (NCBI,
2023)
2 4-O-Methylmannose Polysaccharides COC1C(COo)oc(o)C Antigenic (Masuzawa, et al.,
(O)c1o 1996) (NCBI,
2023)
3 3-O-Methyl-d-glucose D-aldohexose COC(C(C=0)0O)C(C Marker to assess glucose (NCBI, 2023)
(CO)O)0 transport
SI | Compounds Presentin | Chemical Canonical SMILES Biological Activity/Uses Reference
No | one of the treated Group String
(Jupiter's sound) and
control
1 3-Hexenal unsaturated CCC=CCC=0 Flavoring Agents (Dionisio et al.,
aldehyde 2018) (NCBI,
2023)
2 Decane, branched alkanes | CCCCCCCCC(C)CBr Natural Pheromone (Francke et al.,
1-bromo-2-methyl- 2000) (NCBI,
2023)
SI | Compound present Chemical Canonical SMILES Biological Activity/Uses Reference
No | only in Treated Group String
(Control’s and Earth’s
Sound)
1 Linoelaidic acid Linoleic acid and | CCC=CCC=CCC= a omega-3 fatty acid, (NCBI, 2023)
derivatives CCCCCccccece(=0)o micronutrient, a (Azamet al.,
nutraceutical and a mouse | 2021) (Nomura et
metabolite al., 2023)
2 Gamma-Sitosterol stigmastanes and | CCC(CCC(C)C1CCC2C1 | Phytosterol biosynthesis (Sanyal, 2021)
derivatives (CCC3Cc2CcC=C4C3(CCC | by-product, a plant (NCBI, 2023)
(C4)0)C)C)C(C)C metabolite and a marine
metabolite
3 Lupeol triterpenoids CC(=C)Cc1ccez Anticancer, (NCBI, 2023)
(C1c3ccece4cs anti-inflammatory, (Rath et al., 2023)
(CCc(c(chxeee4 melangenic agent,
(C3(CC2)C)C)(C)C)O)C)C | antioxidant, anti-microbial
and antiprotozoal activity

Table 4: Compounds from GC-MS analysis found common in plants treated with Earth’s sound, Jupiter’s Sound and Control

Plants
Sl Compounds Chemical Canonical Biological Activity/Uses Reference
No. | Common in all Group SMILES String
treated Samples
and the control
1 1-Butanol, Isoamyl Acetate | CC(C)CCOC(=0) small molecule agonists of the thyroid (Lewis, 2007)
3-methyl-, acetate Cc stimulating hormone receptor (TSHR) (NCBI, 2023)
signalling pathway, Flavoring Agents and
Cosmetics
2 2-Methoxy-4-viny | Phenols and COC1=C(C=CC(= | Cytochrome P450 Family 3 Subfamily (Hapsari et al.,
Iphenol Phenolics C1)C=C)0O Intermediate antagonistic molecule, in 2023) (Nagrale et
Sonic Hedgehog pathway, Food additives, | al., 2023) (NCBI,
Plant Growth Promoter, Pesticide, 2023)
Antioxidant
3 Neophytadiene Diterpene cc(c)ceece(e)e anti-inflammatory agent, an antimicrobial | (NCBI, 2023)
CCC(C)CCCC(=C) | agent, a plant metabolite and an algal (Toh et al., 2023)
C=C metabolite
4 1-Octadecyne Aromatic CCCcCcccecececece | Volatile by-product of Cyanobacteria (Armstrong et
hydrocarbons CCCCcCc#HC al., 2019) (NCBI,
2023)
5 Phytol Acyclic Cc(c)ceec(e)e a plant metabolite, a schistosomicide drug | (Song et al.,
diterpenoids CCC(C)CCCC(=C | and an algal metabolite 2023) (Angupale
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Sl Compounds Chemical Canonical Biological Activity/Uses Reference
No. | Common inall Group SMILES String
treated Samples
and the control
co)C etal., 2023)
(NCBI, 2023)
6 Octadecanoic acid | Saturated fatty Cccccececececcece Antimicrobial, Antioxidant, hardens soap, | (NCBI, 2023)
acid CCCCCCC(=0)0 Softens Plastic, used in cosmetics, plant (Akpuaka et al.,
metabolite, a human metabolite, a 2013)
Daphnia magna metabolite and an algal (Keawsa-Ard et
metabolite al., 2012)
7 Squalene Isoprenoid CC(=CCCC(=CCC | anticancer, antioxidant, drug carrier, (Kim &
compound C(=CCCC=C(C)C | detoxifier, skin hydrating, and emollient Karadeniz, 2012)
CC=C(C)CCC=C( | activity, intermediates of cholesterol (Huang et al.,
C)C)C)C)C synthesis, Skin protection, a human 2009) (NCBI,
metabolite, a plant metabolite, a 2023)
Saccharomyces cerevisiae metabolite and
a mouse metabolite
8 Vitamin E Methylated CC1=C(C2=C(CC | an antioxidant, a nutraceutical, an (NCBI, 2023)
phenols C(02)(C)CCCC(C) | antiatherogenic agent, an EC 2.7.11.13
CCCc(C)ccece(C | (protein Kinase C) inhibitor, an
)C)C(=C10)C)C anticoagulant, an immunomodulator, an
antiviral agent, a micronutrient, an algal
metabolite and a plant metabolite

Table 5: Compounds from GC-MS analysis found common in plants treated with Earth’s sound and control, Jupiter’s sound

and control, and plants treated with Jupiter’s and Earth’s Sound and their estimation using standard plot (Figure 1)
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2-methyl-
2 27552-11-0 4-O-Methylmannose C,H 1,04 194 g/mol | 593660 1572462 1.18875562 1.195607234
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1 69112-21-6 3-Hexenal CgH100 98 g/mol 275619 196142 1.186529333 | 1.185972994
2 127839-47-8 | Decane, Cy1H,3Br 235g/mol | 187386 185551 1.185911702 | 1.185898857
1-bromo-2-methyl-
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1 463-40-1 Linoelaidic acid C1gH300, 278 g/mol | 109181 156932 1.185364267 | 1.185698524
2 83-47-6 Gamma Sitosterol CyoH500 414 g/mol | 5044279 11311159 1.219909953 | 1.263778113
3 545-47-1 Lupeol C3oH500 426 g/mol | 730863 2836138 1.189716041 | 1.204452966
203
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Table 6: Compounds from GC-MS analysis found common in plants treated with Earth’s sound, Jupiter’s Sound and Control
Plants, and their estimation using standard plot (Figure 1)
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1 | 123-92-2 1-Butanol, C:/Hy 130 3808921 | 6856798 | 11618 | 1.2112624 | 1.2325975 | 1.1927331
3-methyl-, acetate | O, g/mol 79 47 86 53
2 | 7786-61-0 | 2-Methoxy-4- CgHyo 150 400678 501282 19856 | 1.1874047 | 1.1881089 | 1.1859899
vinylphenol 0O, g/mol 8 46 74 76
3 | 504-96-1 Neophytadiene CypHsg | 2785 | 643486 | 831223 | 41993 | 1.1891044 | 1.1904185 | 1.1875395
g/mol 3 02 61 31
4 | 629-89-0 1-Octadecyne CigHss | 2505 | 327311 405522 13514 | 1.1868911 | 1.1874386 | 1.1855460
g/mol 3 77 54 01
5 | 150-86-7 Phytol CypHyp | 296.5 | 643227 | 737259 | 60346 | 1.1891025 | 1.1897608 | 1.1888242
O g/mol 2 89 13 34
6 | 57-11-4 Octadecanoic acid | CigHss | 284.5 | 1150686 | 1947110 | 10807 | 1.1926548 | 1.1982297 | 1.1921652
0, g/mol 49 02 7 43
7 | 111-02-4 Squalene CaoHsg | 410 5601076 | 6677662 | 26308 | 1.2238075 | 1.2313436 | 1.2030160
g/mol 71 32 34 97
8 | 59-02-9 Vitamin E CyHso | 430 4684437 | 6559614 | 21657 | 1.2173910 | 1.2305172 | 1.1997605
0O, g/mol 93 59 98 51
DISCUSSION increase with the treatment of planetary sounds. The
Table 3 and Table 4 describes the trend in compounds variation due to frequency variance

phytochemicals that were found in common plants
treated with Earth’s sound and control, Jupiter’s sound
and control, and plants treated with Jupiter’s and Earth’s
Sound groups. Not all compounds were common for all
the three groups. This fluctuation of compounds
presence and absence may be attributed to the type of
treatment provided to the plants.

In Table 5 and Table 6 all the compounds that
have uses and bioactivity described earlier in Table 3 and
Table 4 have been estimated using Lupeol as external
standard (Table 2 and Figure 3). A trend of higher
concentration of phytochemicals in plants treated with
planet Earth sound can be observed followed by plants
treated with planet Jupiter’s sound and finally control
plants. This may be due to the type of treatment. Planet
earth’s sound has a frequency of 22050 Hz and Planet
Jupiter’s sound has a frequency of 44100 Hz. The sound
frequency from planet Earth’s sound may have a effect
on certain compounds being formed that are absent in
control and plants treated with planet Jupiter’s sound.
Also, among the compounds common among across all
the groups, they are produced in higher amounts in plants
treated by planet Earth’s sound.

CONCLUSION
The pharmaceutical industry is focusing on
developing plant-based drugs from traditional

medicines. Clitoria ternatea L. extracts from leaves
exhibit a range of pharmacological activities (Table 3
and Table 4). Important bioactive compounds can be
isolated from this plant and their expression levels

can be observed. Clitoria ternatea L is a goldmine of a
plant and our research will further establish evidence

regarding secondary metabolites, bioavailability,
pharmacokinetics, clinical trials and potential in
medicine.
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