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ABSTRACT 
 

In allopathic medicine, additives and synergistic can somewhat increase a drug's potency, but doing 
so also raises its cost and sensitivity. In the ancient medicine system, potentiation technology is 
described elaborately but during the course of time, it has been lost. We invented a 2-6µm water-
based mid-IR generating atomizer named MIRGA. Depending on the applied plunger pressure, 
MIRGA’s every spraying is designed to generate 2-6 µm mid-IR. In the Ayurvedic medical system, 
ashwagandha (Withania somnifera) is a widely used herb in folk medicine for treating a variety of 
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ailments. Using MIRGA, an immediate external spraying distance of 0.25–0.50 meter was applied to 
the packaged (polyethene, paper) ashwagandha powder. This resulted in ashwagandha 
potentiation for a minimal 27%. The MIRGA is cost-effective, guaranteeing resource savings in 
addition to rising health benefits. The numerous advantages offered by this technology have been 
substantiated through a series of experiments and various instruments, which will be elaborated 
upon in this discourse. 
 

 
Keywords: MIRGA; 2-6µm mid-IR; ashwagandha; potentiation; dose; health issues; reduction. 
 

1. INTRODUCTION 
 
Herbs are a boon to living beings and by all 
means, should be preserved. Climatic change, 
increasing population, reducing fertile lands, 
developing allopathic medicine sensitivity, etc. 
are directly and constantly forcing us to enhance 
the quality and development of natural products 
with simultaneous quantity reduction for clinical 
use. We addressed this challenge by applying 
the 2–6 μm wavelength mid-IR on ashwagandha 
as an example case. Ashwagandha possesses 
multiple biological and therapeutic properties [1]. 
The mid-IR was generated by a mid-IR 
generating atomizer (MIRGA). Generally, the 
mid-IR has various potential applications, and 
most importantly with unanswered questions [2]. 
We invented MIRGA to study the mid-IR’s 
unexplored benefits, natural safety and present 
mid-IR emitters’ insufficiency to meet our various 
vital needs. MIRGA spraying has potentiated the 
ashwagandha and thus reduced the required 
dose of ashwagandha by 27%. Obtained results 
regarding the MIRGA’s effect on inherent 
characteristics of Ashwagandha and benefits are 
presented here.  
 

2. MATERIALS 
 
Umakanthan et al. [3] and Umakanthan et al. [4] 
have comprehensively elucidated the intricate 
facets of MIRGA's design and its emission in the 
2–6 µm mid-infrared range. Approximately two 
sextillion cations and three sextillion anions are 
present in the 20 mL capacity polypropylene 
plastic atomizer MIRGA (Patent no.: 401387), 
which holds an inorganic (molar mass 118.44 
g/mole) water-based solution. The dimensions of 
the sprayer unit are 86 × 55 × 11 mm, with an 
orifice diameter of 0.375 mm, an ejection volume 
of 0.062 + 0.005 mL and an ejection duration of 
0.2 seconds. The back pressure of the cone 
liquid is 2000 N/m2, and the average pressure is 
3900 Pa. The non-volatile substance in the 
sprayed liquid has a concentration of 153 mg/mL 
and during spraying, about 1 μg weight of water 
is lost as mist. Each spraying session releases 

0.06 ml, of which about seven quintillion anions 
and eleven quintillion cations are present. An 
FTIR (retro-reflector) interferometer instrument 
(Detector type D* [cm HZ1/2 - 1] MCT [2-TE 
cooled]) at Lightwind, Petaluma, CA, USA, 
estimates that each spraying is intended to 
generate 2–6 µm, depending on the pressure 
applied to the plunger. 
 
The spraying was done from 0.25–0.50 meter 
towards the packaged medicine. This distance is 
essential for the MIRGA sprayed solution to form 
the ion clouds, oscillation and the mid-IR 
generation. The mid-infrared has the capability to 
exert its influence on the internal components of 
ashwagandha by traversing the polythene 
wrapping that separates them. Close sprayings 
did not generate energy. To be short, the MIRGA 
is designed to be like a body spraying externally 
over the packed ashwagandha powder. 
 
The same brand and batch of commercially 
available ashwagandha powder was exposed to 
mid-IR irradiation before being employed in this 
investigation and administered to the patients. 
The ashwagandha powder was evaluated in a 
brand-specific manner, with each brand being 
tested individually and without any mixing for the 
purpose of sampling. 
 

3. METHODS 
 
Ashwagandha powder is marketed mostly in 
polythene (51–70 µm thickness) packets. The 
same brand and batch of 100gm x 90 packets 
were purchased, of which 10 were kept as 
control and 80 marked as batches 1 to 8, each 
comprising 10 packets that formed the trial 
samples. At first, 10 control samples were 
subjected to sensory expert panel (n = 6) tests. 
The acceptability index used was a hedonic 
scale with a 9-point nominal structure as follows 
[5,6]. 
 

Score 1: dislike extremely 
Score 2: dislike very much 
Score 3: dislike moderately 
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Score 4: dislike slightly 
Score 5: neither like nor dislike 
Score 6: Like slightly 
Score 7: Like moderately 
Score 8: Like very much 
Score 9: Like extremely  

 
The control samples were used to treat patients 
based on the standard prescribed dose (3 gms 
BID). In the trial batch 1, one spraying was done 
from 0.25–0.50 meter toward the packet. Then 
sample was taken, sensory expert panel tests 
was performed and the remaining powder was 
used to treat the patients by reducing 10% 
weight (2.7 gms BID) (Table 1) from the standard 
prescribed dose (3 gms BID). In batch 2, two 
sprayings were performed, one on either side 
given from 0.25–0.50 meter towards the packet. 
After spraying, sample was taken, sensory expert 
panel tests were done and the remaining powder 
was used to treat the patients by further reducing 
10% weight (2.43gms BID) from one sprayed 
dose (2.7 gms BID). Similarly, 3 to 8 sprayings 
were done as previously described and 10% 
dose was subsequently reduced for every 
increase in number of spraying (i.e. prescribed 
dose was 2.18 gm in 3 sprayed, 1.96 gms in 4 
sprayed and so on… up to 1.27 gm in 8 sprayed 
batches).  
 
Including control and sprayed packets (9 
batches), at the rate of 10 volunteer patients 
(upper respiratory tract cough, pyrexia of 
unknown origin, gastric ulcers and constipation), 
total 90 were clinically studied. The patients’ 
clinical parameters were recorded. Recovery 
from the disease was confirmed by the clinician 
team to discontinue the therapy. The sensory 
expert panel test instrumentation and clinical 
data were compared. 
 
Method of MIRGA spraying: 
https://drive.google.com/open?id=1QoRwTESKf
SdoJTfD--xIG9YpTDnVonGW 
 
The reason for 8 spraying here is: in nature input 
of an extra energy to an object should                    
always denature the receptor. Hence, we                   
tried to accomplish this goal by using                   
more MIRGA spraying and the results were 
compared. 
 
The instruments used to demonstrate the 
research findings were:  
 
“Chemical compound transformation – Gas 
chromatography-mass spectrometry (GC-MS): 

Agilent technologies, 7820 GC system, 5977E 
MSD, Colomn DB-5, Over temp 100-2700C, 
Detector MS, Flow rate 1.2, Carrier gas Helium”. 
[55] 
 
“Chemical bond changes – Fourier-transform 
infrared spectroscopy (FTIR): JASCO FT-IR 
4200 plus spectrophotometer with ATR (range 
4000–400 cm⁻¹ at 298 K); and IR AFFINITY I – 
FTIR Spectrophotometer, FTIR 7600, Shimadzu” 
[55] 
 
Structural changes–Powder X-Ray Diffraction 
(PXRD): Rigaku RINT 2500 X-ray diffractometer 
(CuKα anode; λ = 1.541 Ao). Samples were 
scanned at 40kV and 30mA from 50 to 350 2θ 
values and analyzed using a PDXL2 software 
(Rigaku). 
 
Configurational changes – Transmission electron 
microscopy (TEM): JEOL JEM2100 PLUS; HT: 
60-200Kv; Source: LAB-6 Filament; Point-point 
resolution: 0.23 nm; Line resolution: 0.14 nm. 
Model: Cryoplunge 3 system Model 930 & Elsa 
Cryo-Transfer Holder Model 698) 
 
Nuclear resonances – Proton nuclear magnetic 
resonance spectroscopy (1H-NMR): The 1H 
NMR spectra of the compounds were performed 
on a 500 MHz Bruker AVANCE III spectrometer 
operating at 500.13 MHz , using a 5-mm 
broadband (BBO) probe equipped with a z-
gradient coil (Bruker-Biospin, Switzerland). The 
samples were dissolved in CDCl 3. The chemical 
shifts (δ) were calibrated regarding TMS. All 1D 
spectra were acquired with 32K data points. 
Typical acquisition parameters for the 1 H NMR 
experiments were as follows: acquisition time 
1.58 s, spectral width 10330 Hz, pulse width 3.5 
µs (flip angle ≈30◦), relaxation delay 1s and the 
number of scans 32. 
 

4. RESULTS AND DISCUSSION  
 
These sensory attribute changes were perceived 
in 1-2 minutes after spraying. The ashwagandha 
3 and 8 times MIRGA sprayed were found to 
have respectively enhanced and decreased 
potency and clinical response than control (Table 
1). 
 
Table 1 showed that, the 3 sprayings received 
ashwagandha (2.18 gm) produced more clinical 
recovery (70%) than the control (3 gm dose) and 
other trial samples. Hence quantity of 
ashwagandha dose required was reduced by 
27% (3gm (control) minus 2.18gm (3 sprayings = 

https://drive.google.com/open?id=1QoRwTESKfSdoJTfD--xIG9YpTDnVonGW
https://drive.google.com/open?id=1QoRwTESKfSdoJTfD--xIG9YpTDnVonGW
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0.82/3*100 = 27.3%), besides the faster recovery 
rate and shorter treatment course. 
 

4.1 Instrumentation Results 
 

Raw data files of instrumentations: 
https://drive.google.com/open?id=1Dime1h4iGL_
FOODK8AWJ0RhNx4ZPiNcO 
The above samples used for instrumentation 
were from the same source, the difference 
among them is, only the number of sprayings 
they received. 
 

4.1.1 GC-MS 
 

Control: These are the key peaks in the AGC 
GCMS pattern: ~13.1 min, ~14.8 min, ~15.2 min, 
~16 min, 17.85 min, and 19.7 min. 
 

3 sprayed sample: Compared to the control 
sample, sample shows a broad peak at ~21 min. 
This additional peak is ascribed to the reduced 
astringency and increased sweetness.  
 

8 sprayed sample: Compared to the control, 
there are three peaks at about 11 min, 11.4 min, 
and 12 min. These additional peaks are 
suggested to be due to the increase in 
astringency and bitterness. 
 

The Control sample contains many fatty acid 
derivatives such as 2,3-di-hydroxypropyl esters.  
 

3 sprayed sample has a new peak of 13-
Octadecenal, an aldehyde and decrease in 2, 3-
dihydroxypropyl elaidate. This is responsible for 
the enhancement of sweetness characters and 
decrease in astringency. While 8 sprayed sample 
has a unique peak of Oxirane (hexadecyl) and 
oleic acid which is responsible for increase in 
both astringency and bitterness (Table 2, Fig. 1). 
 

4.1.2 FTIR  
 
i. JASCO FT-IR 4200 plus 

spectrophotometer with attenuated total 
reflectance (Fig. 2a): 

 
Average Transmission Response in All Samples: 
The average transmission signal drops as the 
sample undergoes 3 spraying, but it rises again 
after 8 sprayings. Therefore, the overall 
absorption by the sprayed samples in the mid-
infrared spectrum is a mix and complex behavior 
depending on the number of spraying.  
 

Control: The broad signal in the range of 3200-
3600 cm-1, seen amongst others in the functional 
group region, is associated with the stretching 
vibration of O-H in Ashwagandha powder. 
 
3 sprayed sample: There is no significant change 
in the fingerprint region compared to the control 
sample. In the functional group region, however 
in addition to a shift in the background signal, 
there is a signal drop of around 6% in the O-H 
stretching vibration at 3200-3600 cm-1.  
 
8 sprayed sample: There is no significant change 
in the fingerprint region compared to the control 
sample. In the functional group region however, 
in addition to a shift in the background signal, the 
O-H stretching vibration at 3200-3600 cm-1, has 
the same 6% level of drop compared to the 
control sample (disregarding the background 
signal). The observed changes in the O-H 
stretching vibration, may be interpreted as to the 
3 sprayed and 8 sprayed samples being 
favorable with respect to the control sample.  
 
ii. IR AFFINITY I – FTIR Spectrophotometer, 

FTIR 7600, Shimadzu (Fig. 2b): 
 

Control: Peaks were found at 2191cm-1 

 
3 sprayed sample: A very important stretch was 
noted for the OH and C-O bonds [7]. In addition, 
the peak at 2191cm-1 in the control sample is 
absent for the moment. Compared to the control, 
structural changes occurred due to bond 
breaking and bond formation [8]. 
 

8 sprayed sample: A very important stretch was 
noted for the OH and C-O bonds. But, OH peak 
is more intense. Peak at 2191cm-1 in control 
sample is absent now. Compared to control, 
structural changes occurred due to bond 
breaking and bond formation.   
 

4.1.3 PXRD 
 

Patterns indicate that samples have amorphous 
and crystalline zones. Control, 3 and 8 times 
sprayed samples showed peaks at 2 theta: 
14.86;  17.12; 22.00; 24.30; 26.51 and 30.05. 
The areas under the peak in the range of 10o to 
30.5o and the subsequent calculations for the 
purity of the product are presented in the PXRD 
analysis table. A small decrease in crystallinity in 
the sprayed samples was noticed. (Table 3)  
(Fig. 3) 

  

https://drive.google.com/open?id=1Dime1h4iGL_FOODK8AWJ0RhNx4ZPiNcO
https://drive.google.com/open?id=1Dime1h4iGL_FOODK8AWJ0RhNx4ZPiNcO
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Table 1. Clinical trial and sensory attribute trial details 
 
Batch 
No. 

No. Of 
MIRGA 
sprayings 

Hedonic point (sensory 
attributes) 

Dose 
(BID) 
gms 

No. of 
patients 
employed 

No. of 
completely 
cured 
patients 
within 5 days 

Recovery 
rate 
within 5 
days 

Minimum 
days 
required for 
complete 
cure 

Astringency  Sweetness 

Control  Non-
sprayed 

5 5 3 10 5 50% 3 

1 1 5  2.7 10 6 60% 3 
2 2 6  2.43 10 5 50% 4 
3 3 4 8 2.18 10 7 70% 2 
4 4 3 7 1.96 10 5 50% 4 
5 5 3 7 1.76 10 5 50% 4 
6 6 2 4 1.58 10 4 40% 5 
7 7 2 2 1.42 10 3 30% 4 
8 8 1 2 1.27 10 4 40% 6 

 
Table 2. GC-MS analysis of Ashwagandha powder samples 

 
R.T. 
(Min) 

Name of Compound % Area Present in each sample 

  Control 3 
sprayed 

8 sprayed Remarks 

17.855 2,3-Dihydroxypropyl 
elaidate 

47.82 16.60 0.0  

17.855 Oxirane, hexadecyl- 0.0 0.0 43.10 Most Abundant peak in 8 sprayed 
sample 

19.727 9-Octadecenoic acid 
(Z)-, 2-hydroxyethyl 
ester 

0.0 0.0 0.0  

19.727 Oleic Acid 0.0 0.0 56.90 Most Abundant peak in 8 sprayed 
sample 
Antibacterial, anticancer, immune 
stimulant, anti-inflammatory 
(Mustapha et al., 2016; Helioswilton 
et al., 2013;  European Patent 
Office, 2000) 

19.718 9-Octadecenoic acid 
(Z)-, 2,3-
dihydroxypropyl ester 

52.18 0.0 0.0 Most abundant in control sample 

21.042 13-Octadecenal, (Z)- 0.0 33.43 0.0 Most Abundant in 3 sprayed sample 

21.117 13-Octadecenal, (Z)- 0.0 28.93 0.0 Most Abundant in 3 sprayed sample 

 
Table 3. PXRD analysis of Ashwagandha 

 
Percentage analysis of the change in Ashwaganta powder 

  Control 3 sprayed 8 sprayed 

Peak at 10.0 -30.5 10.0 -30.5 10.0 -30.5 
Area 5761233,36 5712704,93 5739164,93 
Change in area 0 -48528,43 -22068,43 
Fraction change in area 0 -0,008423271 -0,003830504 
Percentage change 0 -0,8 -0,4 

 
4.1.4 TEM  
 

Control: Fragments size ranges 1 – 10 µm, while 
individual particles range 0.5 – 2 µm. Major size 
of crystallites ranges around 30 nm. A part of 
crystalline materials are nano-sized particles. 
Sponge-like particles are observed. 

3 sprayed sample: Size ranges of fragments and 
individual particles are comparable to those of 
control. Sponge-like particles are present in 
larger number than in the control. 
 

8 sprayed sample: Fragments with different sizes 
and shapes. Large cluster of crystallites visible. 
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Size ranges of fragments and individual                 
particles are comparable to those of control,                
with the only exception of the size range                    
of crystallites, which is 1 – 10 nm;                   
crystallites are thus smaller than those of  
control. Individual crystallites show different 
orientations.  
 

Increasing the number of sprayings (from 3 to 8) 
causes significant alterations of the sample 
texture; this concerns mainly the features of the 
crystalline structure. In particular, the 3 sprayed 
results in almost complete loss of crystallinity, 
while the 8 sprayed modifies the crystallinity 
features with respect to the control (Fig. 4). 

 
 

Fig. 1. GCMS spectra of Ashwagandha samples 
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Fig. 2. FTIR spectra of Ashwagandha samples (a) JASCO FT-IR 4200 plus spectrophotometer 
with ATR (b) IR AFFINITY I – FTIR Spectrophotometer, FTIR 7600, Shimadzu 

 

 
 

Fig. 3. PXRD spectra of Ashwagandha samples 
 
4.1.5 Proton NMR 
  
Since one of the main compositions of 
Ashwagandha include alkaloids, and there is no 
significant change in the alkaloid amino acid at 
1.254 ppm in control, 3 and 8 sprayed samples, 
we used this peak as a reference to normalize 
the integral values in all the three data sets. With 
respect to the control sample, the fatty acid CH3 
and the monosubstituted cyclopropane –CO–
phenyl decrease in the 3 sprayed sample. But in 

the 8 sprayed sample these integrals                  
increase again. The monosubstituted alkane –
COOH and the monosubstituted ethylene –NC 
show an opposite behavior. There is an increase 
in the amino acid reference at 1.254 in both 3 
sprayed and 8 sprayed samples.  All such 
behaviors [9,10] may be interpreted as                         
the 3 sprayed sample being more favorable           
than the control sample and the 8 sprayed 
sample being less favorable [11,12,13] (Table 4) 
(Fig. 5).  
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Table 4. H-NMR analysis of Ashwagandha 
 

Chemical Shift Description Control 3 sprayed sample 8sprayed sample 

Chemical 
Shift 
(ppm) 

Peak 
Integral 

Normalized 
Peak 
Integral 

Chemical 
Shift 
(ppm) 

Peak 
Integral 

Normalized 
Peak 
Integral 

Chemical 
Shift 
(ppm) 

Peak 
Integral 

Normalized 
Peak 
Integral 

Monosubstituted 
Pyridines 

–
CSNH2 

Alkaloid 0.682 0.08 0.03 0.681 0.14 0.03 0.707 0.03 0.00 

Fatty acid CH3 Alkyl 
group - 
Ethyl 

0.880 0.34 0.11 0.880 0.15 0.03 0.889 0.73 0.12 

Monosubstituted  
Cyclopropanes 

–CO–
phenyl 

Steroidal 
Lactones 

1.010 0.17 0.06 1.012 0.07 0.01 1.037 0.39 0.06 

Amino Acid in 
TFA 

  Alkaloid 1.254 2.98 1.00 1.254 4.69 1.00 1.279 6.31 1.00 

Amino Acid in in 
D2O, pH 2.0 

  Alkaloid 2.044 0.77 0.26 2.038 1.04 0.22 2.062 0.78 0.12 

Amino Acid in in 
D2O 

  Alkaloid 2.096 0.34 0.11 2.096 0.50 0.11 2.118 0.55 0.09 

Monosubstituted 
Alkanes 

–
COCH3 

Alkyl 
group - 
Methyl 

2.171 0.40 0.13 2.173 0.36 0.08 2.195 0.39 0.06 

Monosubstituted 
Alkanes 

–
COOH 

Alkyl 
group - 2-
Propyl 

2.350 0.54 0.18 2.350 1.00 0.21 2.373 1.00 0.16 

Carbonyl 
erivatives 

  Carboxylic 
Acid 
Imides 

2.774 1.00 0.34 2.770 2.35 0.50     0.00 

Monosubstituted 
Ethylenes 

–NC   5.348 2.93 0.98   7.58 1.62 5.340 3.77 0.60 
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Fig. 4. TEM bright field images of Ashwagandha samples 
 

 
 

Fig. 5. Proton NMR spectra of Ashwagandha samples 
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The Ashwagandha powder that was sprayed 
three times exhibited enhanced efficacy with a 
shortened treatment duration. Consequently, 
there was a reduction in the requirement of 
Ashwagandha, specifically by 27% of the clinical 
dose. This reduction led to various advantages 
such as cost-effectiveness, conservation of 
resources, as well as expedited recovery and 
alleviation of drug-induced stress on the host. 
 
All of the instrumentation data showed that, in 
comparison to the control data, MIRGA had 
changed the bonds and, consequently, the 
structure, resulting in increased or decreased 
intrinsic characteristics, depending on the 
number of sprayings. Umakanthan et al. [3]. have 
provided an overview of the invention's history, 
definition, method of producing mid-IR from 
MIRGA, toxicological analysis of MIRGA, safety 
of MIRGA-sprayed consumables and potential 
future applications. 
 

4.2 Invention Background 
 
“Intermolecular and intramolecular bonding make 
up the four visible states of matter: solid, liquid, 
gas, and plasma. While protons, neutrons, and 
electrons all have distinctive properties by 
nature, the differences in their quantities are 
what distinguish different atoms from one 
another and determine how these atoms 
combine to form distinct molecules with individual 
traits. Since the mid-IR area of the 
electromagnetic wave (EMW) spectrum 
corresponds with the intrinsic vibration of most 
molecules, it is crucial and intriguing for 
numerous applications” [14]. The majority of 
thermal radiation that reaches the earth's surface 
is in the mid-infrared spectrum (66 percent of 
solar energy is infrared; Aboud et al. [15]. “All 
particles on the planet absorb and emit this 
energy. At the molecular level, naturally, 
interaction of mid-IR wavelength energy 
produces vibrational and rotational modes (from 
approximately 4500-500 cm-1, or 2.2 to 20 
microns) through a shift in dipole movement that 
results in the modification of chemical bonds” 
[16]. 
 
Our research revealed the following: (A) 
Although atoms in all objects always remain 
atoms, their chemical bond parameters are 
constantly susceptible to change due to cosmic 
and physical energies (such as heat, pressure, 
humidity, and EMW). This results in the bonds 
breaking [17,18] stretching, and bending 
[19,20,21,22], and new bond formation [23]. 

These modifications ultimately cause the object’s 
physicochemical characteristics to change. (B) 
The dynamic, ongoing, mutual effects of EMW 
between Earth, celestial bodies, and living things 
are always changing the physiochemical 
properties that are intrinsic to Earthly objects. 
These changes include enhancement brought 
about by an optimal energy dose or 
decrease/destruction brought about by an 
excessive energy dose (detailed below). Based 
on these ideas, the MIRGA was developed to 
change bond parameters and enhance any 
inherent qualities of the usables. 
 

4.3 MIRGA Definition 
 
We define MIRGA as ‘a harmless, economical 
atomizer containing an imbalanced ratio of ions 
suspended in water, which influence the natural 
potency of target substances by generating mid-
IR while spraying’. 
 

4.4 Technique of Mid-IR Generation from 
MIRGA 

 
“We designed MIRGA as to accommodate an 
imbalanced ratio of ions suspended in water in 
their fundamental state and can move as free 
particles. The solution has very little background 
frequency of detectable disintegration which is 
less than that of cosmic events whereas even 
humans have more radioactivity (around 10 
microns)” [24,25]. We designed MIRGA to 
generate energy based on various below given 
processes, (A) spraying leads to ionization 
(electron getting separated from atom) and the 
pathway for electron re-absorption are also 
many, due to these two oscillatory processes 
energy generated. (B) When spraying, the water-
based ionic solution becomes charged or 
excited, which causes the unbalanced ions to 
oscillate in their excited state [26], which 
releases photons [27,28]. (C) Despite the 
minimal electromagnetic field that exists between 
the charged particles in the ionic solution of the 
MIRGA, energy is produced during spraying by 
the induced oscillation between these charged 
particles [29,30,31]. (D) Additionally, more 
energy is needed during the natural rainfall 
process to break water bonds so that the clouds 
release smaller water droplets [32].  
 
Consequently, these droplets need to have a 
greater amount of stored energy. As they 
descend at a certain speed after a predetermined 
distance, they also acquire kinetic energy. When 
the rain hits the earth’s surface, it forms a very 
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thin film of mid-IR (nearly 6 micron), hence there 
is a net heat gain [32,33]. We used MIRGA to 
simulate the energy-gaining process of this 
rainfall. Specifically, we found that when 
unbalanced ions in liquid media are atomized, 
the smaller droplets that are ejected should 
possess a greater internal energy in addition to 
their acquired kinetic energy and the energy 
released through breaking the surface tension. 
We adjusted the ejection pressure to produce the 
appropriate fine mist through trial and error and 
we changed the solution's density and pH to 
reduce the rate of evaporation. Also considering 
other facts like, the accelerated ions in the 
sprayed ionic clouds collide among them and 
generate energy [34], we incorporated those 
phenomena in our atomizer and designed in 
such a way to emit energy in the 2-6 µm mid-IR 
range. 
 

4.5 Action of Mid-IR on Ashwagandha 
 

Ashwagandha, also known as Indian ginseng 
and winter cherry, is experiencing a significant 
increase in demand while facing a low production 
rate. Despite the implementation of various 
modern cultivation and conservation methods 
[35,1], the supply has yet to meet the demand, 
resulting in its classification as an endangered 
species [36]. In the Ayurveda system, the 
practice of potentiation technique is not 
observed. Consequently, to address this issue, 
we conducted a pioneering study where we 
potentiated Ashwagandha using the MIRGA 
spray, leading to resource-saving and economic 
benefits. 
 

The inorganic compounds used in the generation 
of MIR are a perspective for biomedical 
applications [37,38]. It is also a new synthesis 
method for preparation of functional material (2-6 
µm mid-IR) [39,40]. It is well known that the 
combination of different compounds, which have 
excellent electronic properties, leads to new 
composite materials, which have earned great 
technological interest in recent years [41,42]. 
Depending on number of MIRGA spraying 
(energy given), a receptor’s chemical bond 
configurations and subsequent physical and 
chemical characters can be altered to our desire, 
as evidenced by Umakanthan et al. [3], 
Umakanthan et al. [4], Umakanthan et al. [43] 
Umakanthan et al. [44]. 
 

The 2–6 µm mid-IR that is delivered is biosafe 
and can pass through obscurants [45,46]. 
Biomolecules naturally vibrate constantly and 
produce 99.75 percent of the mid-infrared 

spectrum [47,48,49]. According to Sommer et al. 
[50], biological molecules absorb between 2 and 
6 µm of mid-IR radiation and cause vibrational 
shifts that result in modifications to chemical 
bonds [51], physicochemical alterations [52], and 
ultimately potentiation. Applications of mid-IR are 
frequently employed in diagnosis and treatment. 
Potentiation is instantaneous, secure, and 
extremely cost-effective. 
 

4.6 Toxicological Study on MIRGA 
 
We also sought to investigate the cytotoxicity 
assay of MIRGA, even though it produces safe 
mid-IR energy between 2 and 6 µm and may be 
sprayed directly onto packaged consumables at 
a distance of 0.25 to 0.50 metres externally. 
MIRGA sprayed mist was shown to be 
completely non-toxic in an in vitro investigation 
using Vero, A549, and human dermal fibroblast 
cells. 
 

According to field trials, MIRGA spray is also 
very affordable, easy to use, non-toxic, suitable 
for sensitive tissues like the cornea, safe even 
when sprayed directly on infants, and requires no 
special handling skills, much like body spray 
perfume (USD 0.30 per MIRGA unit which emits 
300 sprayings). 
 

4.7 Past Interests 
 

Our in vitro and clinical investigations revealed 
clear similarities between the chemical 
formulation, therapeutic effect, and results of 
MIRGA and "The Superior Medicine" of several 
ancient medicinal systems, including "Muppu" 
(Tamil Siddha), "Al-Kimiya" (Arabic), "Rasayana" 
(Indian Ayurveda), "Rasavatan" (Persian), 
Materia prima, Philosopher's stone, Tincture 
(Europe), and Taoist alchemy, Hudan, or Jindan 
(Chinese). Moreover, MIRGA spraying and hand 
healing therapy that uses body-generated 
infrared are comparable. Furthermore, we saw 
that to heal patients of their ailments, the sages 
and saints, who are now residing in isolated 
areas of the Indian mountains—would sprinkle 
holy water on them. This has to do with the mid-
IR radiation that their bodies and palms produce 
and radiate onto the patients. 
 

4.8 MIRGA’s Primeval and Future Scope 
 

The water based MIRGA could be the first novel 
pioneer potentiating technology. This type of 
atomizer technology also seems to be present 
with the extra-terrestrials for their therapeutic use 
during visitations [53].  
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In various usables, a range from 30% to 173% 
potentiation has been achieved by us.                     
Even considering the least 30% in some              
usables have resulted in 30%                            
economic, resource, and ecological savings                
as well as health benefits. But there is a 
knowledge gap between potentiation from 30% 
to at least 100% for all usables, which can be 
filled-up by refining MIRGA’s ionic solution, 
concentrations, atomizer pressures, other 
parameters and even formulating a better 
solution [54].  
 
We think that MIRGA will be highly                        
relevant in a variety of scientific study areas, 
including biophotonics, pharmaceuticals,                  
health, ecology, and many more, due to its   
broad range of applications. We are                         
currently actively conducting additional                       
study on MIRGA and its other developed                
forms, such as MIRGA salt, MIRGA                          
vapor, and MIRGA plasma, in human endevours 
[55]. 
 

5. CONCLUSION 
 
In addition to the conservation of financial 
resources and natural resources, the utilization of 
mid-infrared irradiation yielded an increase in the 
effectiveness of ashwagandha, which 
consequently led to a reduction of 27% in both 
the clinical dosage and duration of treatment. 
Altering the formulation of the MIRGA has the 
potential to achieve a potentiation                        
exceeding 27 percent. Currently, our trials are 
yielding favorable outcomes when                     
employing medicines from alternative therapeutic 
systems, including Ayurveda. Moreover, this 
study offers valuable insight into the                      
future prospects of MIRGA within                         
various other domains of clinical research and 
therapy. 
 

CONSENT 
 
Informed consent was obtained from all the 
participants. 
 

ETHICAL APPROVAL 
 
It is not applicable. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Aslam S, Raja N, Hussain M, Iqbal M, Ejaz 

M, Ashfaq D, Fatima H, Shah M A, 
Rehman A U, Ehsan M. Current Status of 
Withania somnifera (L.) Dunal: An 
Endangered Medicinal Plant from 
Himalaya. American Journal of Plant 
Sciences. 2017;8:1159-1169. 
DOI: 10.4236/ajps.2017.85076.   

2. Jung D, Bank S, Lee M L, Wasserman D. 
Next-generation mid-infrared sources. 
Journal of Optics. 2017;19(12):123001. 
DOI: 10.1088/2040-8986/aa939b. 

3. Umakanthan, Mathi M. Decaffeination and 
improvement of taste, flavor and health 
safety of coffee and tea using mid-infrared 
wavelength rays. Heliyon. 2022a, e11338, 
Vol 8(11).  
DOI: 10.1016/j.heliyon.2022.e11338 

4. Umakanthan T, Mathi M. Quantitative 
reduction of heavy metals and caffeine in 
cocoa using mid-infrared spectrum 
irradiation. Journal of the Indian Chemical 
Society. 2022b, Vol 100 (1).  
DOI: 10.1016/j.jics.2022.100861. 

5. Everitt M. Consumer-Targeted Sensory 
Quality. Global Issues in Food Science and 
Technology. 2009, 117–128.  
DOI: 10.1016/b978-0-12-374124-0.00008-
9. 

6. Wichchukit S, O’Mahony M. The 9-point 
hedonic scale and hedonic ranking in food 
science: some reappraisals and 
alternatives. Journal of the Science of 
Food and Agriculture. 2014, 95(11), 2167–
2178. doi:10.1002/jsfa.6993 . 

7. Agarwal C M, Ong J L, Appleford M R, 
Mani G. Introduction to Biomaterials: Basic 
Theory with Engineering Applications. 
Cambridge university press, UK. 2014, 
p81. 

8. Flynn G W, Parmenter C S, Wodtke A M. 
Vibrational Energy Transfer. J. Phys. 
Chem. 1996, 100, 12817-12838. 

9. Xu R, Xu Y. Modern Inorganic Synthetic 
Chemistry, 2nd edn., Elsevier B.V, 
Netherlands, UK, USA. 2017, p124. 

10. Datta SN, O’Trindle C, Illas F. Theoretical 
and Computational Aspects of Magnetic 
Organic Molecules. Imperial College 
Press, London. 2014, p224. 

11. Badertscher M, Bühlmann P, Pretsch E. 
Structure Determination of Organic 
Compounds. Springer-Verlag Berlin 
Heidelberg. 2009. 
DOI: 10.1007/978-3-540-93810-1 



 
 
 
 

Umakanthan et al.; Euro. J. Med. Plants, vol. 34, no. 11, pp. 56-70, 2023; Article no.EJMP.111963 
 
 

 
68 

 

12. Mirjalili M, Moyano E, Bonfill M, Cusido R, 
Palazón J. Steroidal Lactones from 
Withania somnifera, an Ancient Plant for 
Novel Medicine.Molecules. 2009;(14): 
2373-2393. 

13. Singh, N, Bhalla M, de Jager P, Gilca M. 
An overview on ashwagandha: a 
Rasayana (rejuvenator) of Ayurveda. Afr J 
Tradit Complement Altern Med. 2011;8(5 
Suppl), 208-213. 

14. CORDIS, European commission. New 
advances in mid-infrared laser technology, 
Compact, high-energy, and wavelength-
diverse coherent mid-infrared source. 
Available:https://cordis.europa.eu/project/r
cn/99977/brief/en (last accessed on 
27.01.2019) 

15. Aboud S, Altemimi A, Al-Hilphy A, Lee Y 
C, Cacciola F. A Comprehensive Review 
on Infrared Heating Applications in Food 
Processing. Molecules. 2019;24:2-21. 

DOI: 10.3390/molecules24224125. 

16. Girard J E. Principles of Environmental 
Chemistry, 3rd edition, Jones & Bartlett 
Learning, USA. 2014:99. 

17. McMakin C. Frequency specific 
Microcurrent in pain management E-book, 
Elsevier, China. 2011, p30. 

18. Moss D. Biomedical applications of 
synchrotron infrared microspectroscopy: A 
Practical Approach, Royal Society of 
Chemistry, UK. 2011:58. 

19. Alvarez A, Prieto M. Fourier Transform 
Infrared spectroscopy in Food 
Microbiology, Springer Science & Business 
Media. 2012:3. 

20. Smith B C. Infrared Spectral Interpretation: 
A Systematic Approach, CRC Press, LLC. 
1999:7. 

21. Shankar D R. Remote Sensing of Soils. 
Germany: Springer-Verlag GmbH. 
2017:268. 

22. Mohan J. Organic Spectroscopy: 
Principles and Applications, 2nd edition, 
Alpha science international Ltd., Harrow, 
UK. 2004, 19.  

Available:https://books.google.co.in/books
?id=fA08Uy5DR0QC&printsec=frontcover
&dq=Jag+Mohan.+Organic+Spectroscopy:
+Principles+and+Applications&hl=en&sa=
X&ved=0ahUKEwjHpcHUi9fgAhXXFIgKHX
vRCpIQ6AEIKjAA#v=onepage&q=Jag%20
Mohan.%20Organic%20Spectroscopy%3A
%20Principles%20and%20Applications&f=
false 

23. Raven P H, Berg L R, Hassenzahl D M. 
Environment, John Wiley & Sons, Inc., 
USA. 2012:45. 
Available:https://books.google.co.in/books
?id=QVpO2R51JBIC&pg=RA1-
PA45&dq=electromagnetic+waves+make+
form+new+bonds&hl=en&sa=X&ved=0ahU
KEwiTnO2amMbjAhUJ3o8KHSfkAJEQ6A
EIMjAB#v=onepage&q=electromagnetic%
20waves%20make%20form%20new%20b
onds&f=false 

24. Ashcroft F. Life at the Extremes: The 
Science of Survival, University of California 
Press, California. 2000:122. 

25. Sanders R H. Revealing the Heart of the 
Galaxy, Cambridge University Press, USA. 
2014:70. 

26. Verheest F. Waves in Dusty Space 
Plasmas, Kluwer Academic Publishers, 
Netherlands. 2000:89. 

27. Keping S, Yu G. Recent developments in 
Applied Electrostatics (ICAES2004): 
Proceedings of the Fifth International 
Conference on Applied Electrostatics, 
Elsevier Ltd., UK. 2004:87. 

28. Fauchais P, Heberlein J V R, Boulos J I. 
Thermal Spray Fundamentals From 
Powder to Part. Springer Science & 
Business Media, New York. 2014:84. 

29. Wendish M, Brenguier J L. Airborne 
Measurements for environmental 
Research: Methods and Instruments, 
Wiley-VCH. 2019. \ 
Available:https://books.google.co.uk/books
?id=tHdwhn-
c5mgC&pg=PT419&dq=A+regularly+ 
oscillating+charge+produces+a+harmonic
+electromagnetic+waves+Manfred&hl=en&
sa=X&ved=0ahUKEwjBqdv75tvgAhWpSx
UIHbQ_D0gQ6AEIKjAA#v=onepage&q=A
%20regularly%20oscillating%20charge%2
0produces%20a%20harmonic%20electro
magnetic%20waves%20Manfred&f=false  
(last accessed on 27.02.2019) 

30. Singh K C. Basic Physics, PHL Learning 
Private Limited, New Delhi. 2009:413 

31. Prasad M. Soul, God and Buddha in 
Language of Science, Notion Press, 
Chennai; 2017. 

32. Barry R, Chorley R. Atmosphere, Weather 
and Climate, 7th edition, Routledge, 
London. 1998:51. 

33. Eniday:  
Available:https://www.eniday.com/en/spark
s_en/harnessing-the-energy-of-rain/  
(Accessed on: 06.02.2019) 

https://cordis.europa.eu/project/rcn/99977/brief/en
https://cordis.europa.eu/project/rcn/99977/brief/en
https://books.google.co.uk/books?id=tHdwhn-c5mgC&pg=PT419&dq=A+regularly+%20oscillating+charge+produces+a+harmonic+electromagnetic+waves+Manfred&hl=en&sa=X&ved=0ahUKEwjBqdv75tvgAhWpSxUIHbQ_D0gQ6AEIKjAA#v=onepage&q=A%20regularly%20oscillating%20charge%20produces%20a%20harmonic%20electromagnetic%20waves%20Manfred&f=false
https://books.google.co.uk/books?id=tHdwhn-c5mgC&pg=PT419&dq=A+regularly+%20oscillating+charge+produces+a+harmonic+electromagnetic+waves+Manfred&hl=en&sa=X&ved=0ahUKEwjBqdv75tvgAhWpSxUIHbQ_D0gQ6AEIKjAA#v=onepage&q=A%20regularly%20oscillating%20charge%20produces%20a%20harmonic%20electromagnetic%20waves%20Manfred&f=false
https://books.google.co.uk/books?id=tHdwhn-c5mgC&pg=PT419&dq=A+regularly+%20oscillating+charge+produces+a+harmonic+electromagnetic+waves+Manfred&hl=en&sa=X&ved=0ahUKEwjBqdv75tvgAhWpSxUIHbQ_D0gQ6AEIKjAA#v=onepage&q=A%20regularly%20oscillating%20charge%20produces%20a%20harmonic%20electromagnetic%20waves%20Manfred&f=false
https://books.google.co.uk/books?id=tHdwhn-c5mgC&pg=PT419&dq=A+regularly+%20oscillating+charge+produces+a+harmonic+electromagnetic+waves+Manfred&hl=en&sa=X&ved=0ahUKEwjBqdv75tvgAhWpSxUIHbQ_D0gQ6AEIKjAA#v=onepage&q=A%20regularly%20oscillating%20charge%20produces%20a%20harmonic%20electromagnetic%20waves%20Manfred&f=false
https://books.google.co.uk/books?id=tHdwhn-c5mgC&pg=PT419&dq=A+regularly+%20oscillating+charge+produces+a+harmonic+electromagnetic+waves+Manfred&hl=en&sa=X&ved=0ahUKEwjBqdv75tvgAhWpSxUIHbQ_D0gQ6AEIKjAA#v=onepage&q=A%20regularly%20oscillating%20charge%20produces%20a%20harmonic%20electromagnetic%20waves%20Manfred&f=false
https://books.google.co.uk/books?id=tHdwhn-c5mgC&pg=PT419&dq=A+regularly+%20oscillating+charge+produces+a+harmonic+electromagnetic+waves+Manfred&hl=en&sa=X&ved=0ahUKEwjBqdv75tvgAhWpSxUIHbQ_D0gQ6AEIKjAA#v=onepage&q=A%20regularly%20oscillating%20charge%20produces%20a%20harmonic%20electromagnetic%20waves%20Manfred&f=false
https://books.google.co.uk/books?id=tHdwhn-c5mgC&pg=PT419&dq=A+regularly+%20oscillating+charge+produces+a+harmonic+electromagnetic+waves+Manfred&hl=en&sa=X&ved=0ahUKEwjBqdv75tvgAhWpSxUIHbQ_D0gQ6AEIKjAA#v=onepage&q=A%20regularly%20oscillating%20charge%20produces%20a%20harmonic%20electromagnetic%20waves%20Manfred&f=false
https://books.google.co.uk/books?id=tHdwhn-c5mgC&pg=PT419&dq=A+regularly+%20oscillating+charge+produces+a+harmonic+electromagnetic+waves+Manfred&hl=en&sa=X&ved=0ahUKEwjBqdv75tvgAhWpSxUIHbQ_D0gQ6AEIKjAA#v=onepage&q=A%20regularly%20oscillating%20charge%20produces%20a%20harmonic%20electromagnetic%20waves%20Manfred&f=false
https://books.google.co.uk/books?id=tHdwhn-c5mgC&pg=PT419&dq=A+regularly+%20oscillating+charge+produces+a+harmonic+electromagnetic+waves+Manfred&hl=en&sa=X&ved=0ahUKEwjBqdv75tvgAhWpSxUIHbQ_D0gQ6AEIKjAA#v=onepage&q=A%20regularly%20oscillating%20charge%20produces%20a%20harmonic%20electromagnetic%20waves%20Manfred&f=false
https://books.google.co.uk/books?id=tHdwhn-c5mgC&pg=PT419&dq=A+regularly+%20oscillating+charge+produces+a+harmonic+electromagnetic+waves+Manfred&hl=en&sa=X&ved=0ahUKEwjBqdv75tvgAhWpSxUIHbQ_D0gQ6AEIKjAA#v=onepage&q=A%20regularly%20oscillating%20charge%20produces%20a%20harmonic%20electromagnetic%20waves%20Manfred&f=false
https://www.eniday.com/en/sparks_en/harnessing-the-energy-of-rain/
https://www.eniday.com/en/sparks_en/harnessing-the-energy-of-rain/


 
 
 
 

Umakanthan et al.; Euro. J. Med. Plants, vol. 34, no. 11, pp. 56-70, 2023; Article no.EJMP.111963 
 
 

 
69 

 

34. Krishnakumar T. Application Of Microwave 
Heating In Food Industry. 2019. 
10.13140/RG.2.2.27035.72488.  

35. Shinde, A, GahungeP, Rath S. 
Conservation and Sustainability of 
Ashwagandha: A Medicinal Plant. Journal 
of Biological & Scientific Opinion. 2015, 3. 
94-99.  
DOI: 10.7897/2321-6328.03220. 

36. Kumari V, Mishra P K. Withania somnifera- 
an endangered medicinal plant from 
Lohardaga district of Jharkhand. 
International Journal of Emerging 
Technologies and Innovative Research. 
2020;7(4):203-207. 

37. Tishkevich D I, Korolkov I V, Kozlovskiy A 
L, Anisovich M, Vinnik D A, Ermekova A E, 
Vorobjova A I, Shumskaya E E, Zubar T I, 
Trukhanov S V, Zdorovets M V, Trukhanov 
A V. Immobilization of boron-rich 
compound on Fe3O4 nanoparticles: 
Stability and cytotoxicity, J. Alloys Compd. 
2019;797:573-581.  
Available:https://doi.org/10.1016/j.jallcom.2
019.05.075 

38. Dukenbayev K, Korolkov I V, Tishkevich D 
I, Kozlovskiy A L, Trukhanov S V, Gorin Y 
G, Shumskaya E , Kaniukov E Y, Vinnik D 
A, Zdorovets M V, Anisovich M, Trukhanov 
A V, Tosi D, Molardi C. 
Fe3O4 nanoparticles for complex targeted 
delivery and boron neutron capture 
therapy, Nanomaterials. 2019:494.  
Available:https://doi.org/10.3390/nano9040
494. 

39. Kozlovskiy AL, Alina A, Zdorovets MV. 
Study of the effect of ion irradiation on 
increasing the photocatalytic activity of 
WO3 microparticles, J. Mater. Sci.: Mater. 
Electron. 2021;32:3863-3877. 
Available:https://doi.org/10.1007/s10854-
020-05130-8 

40. El-Shater RE, Shimy HE, Saafan SA, 
Darwish MA, Zhou D, Trukhanov AV, 
Trukhanov SV, Fakhry F. Synthesis, 
characterization, and magnetic properties 
of Mn nanoferrites, J. Alloys Compd. 
2022;928:166954.  
Available:https://doi.org/10.1016/j.jallcom.2
022.166954 

41. Kozlovskiy A L, Zdorovets M V. Effect of 
doping of Ce4+/3+ on optical, strength and 
shielding properties of (0.5-x)TeO2-
0.25MoO-0.25Bi2O3-xCeO2 glasses, Mater. 
Chem. Phys. 2021, 263, 124444.  
Available:https://doi.org/10.1016/j.matche
mphys.2021.124444 

42. Almessiere M A, Algarou N A, Slimani Y, 
Sadaqat A, Baykal A, Manikandan A, 
Trukhanov S V, Trukhanov A V, Ercan I. 
Investigation of exchange coupling and 
microwave properties of hard/soft 
(SrNi0.02Zr0.01Fe11.96O19)/(CoFe2O4)x nanoc
omposites, Mat. Today Nano. 
2022:100186.  
Available:https://doi.org/10.1016/j.mtnano.
2022.100186 

43. Umakanthan T, Mathi M. Increasing 
saltiness of salts (NaCl) using mid-infrared 
radiation to reduce the health hazards. 
Food Science & Nutrition. 2023c;11:3535–
3549. 
Available:https://doi.org/10.1002/fsn3.3342  

44. Umakanthan, Madhu Mathi. Potentiation of 
Siddha medicine using Muppu (Universal 
Potentiator). International Journal of 
Pharmaceutical Research and 
Applications. 2023d;8(4):2070-2084. 

45. Pereira M F, Shulika O. Terahertz and 
Mid Infrared Radiation: Generation, 
Detection and Applications. Springer 
Science + Business Media B.V., The 
Netherlands. 2011.  
DOI:10.1007/978-94-007-0769-6. 

46. Prasad M. Soul, God and Buddha in 
Language of Science, Notion Press, 
Chennai. 2017. 

47. Dakin J P, Brown R. Handbook of 
Optoelectronics: Concepts, Devices, and 
Techniques. Vol I, 2nd edition, CRC Press, 
Taylor & Francis Group, LLC. 2018:                   
634. 

48. Singh G, Sharma P K, Dudhe R, Singh S. 
Biological activities of Withania somnifera. 
Ann Biol Res. 2009:1. 

49. Atta-ur-Rahman, Abbas S, Dur-e-Shahwar, 
Jamal A, Choudhary I. Journal of Natural 
Products. 1993;56(7):1000-1006  
DOI: 10.1021/np50097a003 

50. Sommer A, Zhu D, Mester A, Försterling H 
D. Pulsed Laser Light Forces Cancer Cells 
to Absorb Anticancer Drugs - The Role of 
Water in Nanomedicine. Artificial cells, 
blood substitutes, and immobilization 
biotechnology. 2011;39:169-73. 
DOI: 10.3109/10731199.2010.516262. 

51. Tsai S R, Hamblin M R. Biological effects 
and medical applications of infrared 
radiation, J. Photochem. Photobiol. 2017; 
170:197–207. 

52. Nouri K. Lasers in Dermatology and 
Medicine: Dermatologic Applications, 2nd 
edition, Springer International Publishing 
AG, Switzerland. 2018:346. 

https://doi.org/10.1016/j.jallcom.2019.05.075
https://doi.org/10.1016/j.jallcom.2019.05.075
https://doi.org/10.3390/nano9040494
https://doi.org/10.3390/nano9040494
https://doi.org/10.1007/s10854-020-05130-8
https://doi.org/10.1007/s10854-020-05130-8
https://doi.org/10.1016/j.jallcom.2022.166954
https://doi.org/10.1016/j.jallcom.2022.166954
https://doi.org/10.1016/j.matchemphys.2021.124444
https://doi.org/10.1016/j.matchemphys.2021.124444
https://doi.org/10.1016/j.mtnano.2022.100186
https://doi.org/10.1016/j.mtnano.2022.100186


 
 
 
 

Umakanthan et al.; Euro. J. Med. Plants, vol. 34, no. 11, pp. 56-70, 2023; Article no.EJMP.111963 
 
 

 
70 

 

53. Blue planet project: Alien                      
Technical research–25, Westchester 
Camp, Office of the Central          
Research #3.CODE: ARAMISIII–ADR3-
24SM:80-81. 

54. Pople S. Complete Physics, Oxford 
University Press, Oxford. 1999:166. 

55. Alam M, Kamal A, Upadhyay TK, Upadhye 
VJ. The role and effects of aroma: status 
and trends. Aromatic Plants. 2010:169. 

_________________________________________________________________________________ 
© 2023 Umakanthan et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

 

http://creativecommons.org/licenses/by/4.0

