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Abstract

Amla (Phyllanthus emblica), commonly known as Indian gooseberry, is highly esteemed for its nutritional and medicinal
properties. It possesses a rich abundance of bioactive compounds and exhibits a wide range of health benefits, including
anti-hyperlipidemic, antidiabetic, anticancerous, anti-inflammatory, hepatoprotective, and neuroprotective effects. Amla lends
itself to the production of diverse value-added goods such as powder, candy, juice, soup, and oil, offering a convenient and
nutritious means of incorporating this fruit into one's daily regimen. Earlier studies suggest that irradiation can have both positive
and negative effects on amla, depending on the specific parameters and doses used. Therefore, the primary aim of the present
study was to positively enhance the inherent characteristics of amla by employing the safe and effective 2-6 m mid-infrared
rays, thereby further augmenting its value. Our research utilized a water-based atomizer known as the 2-6pm mid-infrared
radiation generating atomizer (MIRGA), which was recently developed by us. A panel of sensory experts conducted a thorough
assessment of amla both before and after the application of mid-IR radiation. In addition, various analytical techniques, including
FTIR, PXRD, TEM, and HINMR, were employed to further characterize the irradiated amla. The results demonstrated that the
application of mid-IR radiation positively influenced the sensory attributes of amla, enhancing its palatability. Furthermore, the
findings revealed significant transformations at the atomic, bond, and compound levels. Hence, it can be inferred that the
utilization of mid-IR radiation through an economical, easily accessible, and safe technology holds immense potential for
elevating the quality of amla.
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1. Introduction

Amla (Phyllanthus emblica) has multiple health benefits
Besides cooking it is also widely used in the treatment of
colds, fevers, dyspepsia, diabetes mellitus, diuresis, and pur-
gation cancers, etc. [1]. Several research studies have proven
Amla to have hypoglycemic, anti-inflammatory, an-
ti-hyperglycemic, anti-hyperlipidemic, and antioxidant prop-
erties in animal and human studies [2-4]. Amla’s health ben-
efits could be related to its high nutritional content. High
levels of vitamin C, tannins, polyphenols, fibers, minerals,
proteins, and amino acids are naturally found in fresh amla
fruit [5].

Even though amla has many health benefits, the fruit has
low acceptability for direct consumption. The reason is low
palatability that stems from its high acidity and astringent
taste. Thus, Amla is mainly consumed after processing, and it
is easy to find Amla extracts being used in various food and
beverage preparations [6]. However, fruit processing results
in alterations in the bioactive molecules that could be re-
sponsible for some of the studied health benefits. It was found
a loss of total phenolic contents and free radical scavenging
activity after spray drying Amla fruit with maltodextrin [7]. It
has also been found losses in ascorbic acid during Amla
cooking [8]. Therefore, minimal processing of the Amla fruit
would be preferable since it could benefit the acceptability of
keeping its high nutritional content.

Infrared has been gaining popularity in recent years be-
cause of its thermal efficiency when compared to traditional
technologies. Infrared transfers energy in the form of elec-
tromagnetic waves that are absorbed by several molecules and
macromolecules present in food. However, there is still a lack
of knowledge on the effects of mid-IR on fruit. Specifically,
there is no work reporting the effects of mid-IR on fresh and
powdered fruit sensorial aspects of the fruit. Thus, the objec-
tive of our work was to increase the sensorial acceptability of
the fresh and powdered Amla fruit using our MIRGA tech-
nology.

2. Materials and Methods

2.1. Preparation of Samples

Hand-picked amla was bought at a local market. The fruits
were cleaned and sanitized using an aqueous solution of so-
dium hypochlorite with a concentration of 200mg L™ of free
chloride for 15 minutes and then rinsed with running water.

2.2. MIRGA Apparatus

MIRGA (patent no. 401387) — details in Supplementary
file) is a 20 ml capacity polypropylene plastic atomizer con-
taining an inorganic (molar mass 118.44 gm/mole) wa-
ter-based solution (having approximately two sextillion cat-
ions and three sextillion anions). Dimensions of the unit are
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86 x 55 x 11 mm, orifice diameter 0.375 mm, ejection vol-
ume 0.062 +0.005 ml, ejection time 0.2 sec, and average
pressure 3900 pascal and cone liquid back pressure 2000
N/m?. During spraying, approximately 1 pg weight of water
as the mist is lost and the non-volatile material in the sprayed
liquid is 153 mg/ml. Every time spraying emits 0.06ml
which contains approximately seven quintillion cations and
eleven quintillion anions. Depending on the pressure (varies
with the user) applied to the plunger, every spraying is de-
signed to generate 2-6 pm which was estimated by FTIR
(retro-reflector) interferometer instrument (Detector type D*
[cm HZ1/2 - 1] MCT [2-TE cooled]) at Lightwind, Petaluma,
California. [9-11]

The spraying was carried out at a distance of 0.25 - 0.5 m
toward packaged amla fruit, close spraying does not generate
mid-IR.

2.3. Mid-IR Spraying of Fresh Amla

Amla fruit (200 g) was weighed and packed in polyethylene
bags of different thicknesses (51-70 microns). Such fifty bags
were prepared, and vacuum sealed (Trial). Additionally, ten
packets were kept as controls. Each trial bag was sprayed
from a distance of 0.25-0.50 meters. Twenty trial bags re-
ceived one spraying, and another 20 trial bags received two
times MIRGA sprayings. A subset of control and trial packets
were kept at room temperature (approximately 32<C; 10 one
sprayed and 10 two sprayed + 5 control 25 bags). And another
subset was kept in a refrigerator (4° C) (10 one sprayed and 10
two sprayed + 5 control = 25 bags). After each sensory trial,
the samples were kept at room temperature or returned to the
refrigerator.

The trial packets at room temperature were subjected to
sensory expert panel (n=6) tests daily and those in refrigera-
tion on alternative days. Expert panel members used a 9-point
nominal structure as the hedonic scale: 1 - Dislike extremely,
2 - Dislike very much, 3 - Dislike moderately, 4 - Dislike
slightly, 5 - Neither like nor dislike, 6 - Like slightly, 7 - Like
moderately, 8 - Like very much, 9 - Like extremely [9-11].
For accuracy, the trials were repeated six times.

2.4. Mid-IR Spraying of Powdered Amla

Samples of commercial Amla fruit powders packed in
polythene (70 microns) were taken, and sensory tests were
performed (non-sprayed control). Then, MIRGA sprayings
were externally applied. After every spraying, Amla powder
was taken and subjected to sensory evaluation. The spraying
continued until the powder became unpalatable. The reason is
that input of extra energy (mid-IR) should denature the in-
herency of amla. The trials were repeated six times for accu-
racy.
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2.5. Microbiological Assessment of the Fresh
Amla Fruit

The microbiological assessment was performed to evaluate
the presence/absence of total coliforms (35<C) (method
2000.15), fecal coliforms (45<C) (method 983.25), and Sal-
monella sp. (method 967.6).

2.6. Sensorial Analysis

The sensorial analysis was applied with 6 judges who were
trained and potential consumers of the product. The judges
were aware of the research goals, according to the Freely
Given and Informed Consent Terms. The acceptance test was
carried out using the 9-point hedonic scale (9 = like extremely,
5 = neither like nor dislike, and 1 = dislike extremely) for the
sourness and bitterness. The Amla fruit samples were coded
with random three-digit numbers.

2.7. Instrumentation analysis

2.7.1. High-Performance Liquid
Chromatography

Instrument utilized: Agilent 1200 series; Reversed Phase-
HPLC (RP-HPLC) with Cyg column. Standard used: 0.2 to 1
mg/ml of 100% pure Ascorbic acid. Protocol followed: 1 g
Amla Powder sample in 25 ml of acidified water (pH=2).
After dissolving powder, the solution was centrifuged and
filtered through a 0.22-micron filter before HPLC analysis.
Method: 90% 30mM O-phosphoric acid and 10% ACN with a
flow rate of 0.5 ml/min and detection at 260 nm.

2.7.2. Gas Chromatography-Mass Spectrometry

Agilent 7890A with MS detector. Method: NERL method
for FAME detection. Oven temperature: 100<C for 1 min,
25<C/min up to 200<C and hold for 1 min, 5<T/min up to
250<C and hold for 7 min (23 min total). 1-pL injection at
10:1 split ratio, inlet temperature of 250<C. Constant flow: 1
mL/min helium. FID: 280<C, 450 mL/min zero air, 40
mL/min H2, 30 mL/min helium. Processing of Samples: 100
mg sample dissolved in 5ml of HPLC. Method: Added 1 ml of
BF3-METHANOL. Heated at 80-90 C for 2 min. Cooled it
and added 5 ml of n-Hexane (HPLC grade) and water. Taken
an n-hexane layer and washed with water two times. The
n-hexane layer and filtered with a 0.22-micron filter and an-
alyzed in a GC-MS instrument after suitable dilution.

2.7.3. Fourier Transform Infra-Red

FTIR analyses were carried out in the range 4000 - 600 cm™
with a resolution of 4000400 cm'at 4 cm™" and 32 scans in
transmittance mode using an infrared spectrophotometer
(Thermo Avtar 370 FTIR spectrometer).

A small quantity of the sample is added to KBr in the ratio
of 1:100 approximately. The matrix is grind for 3-4 minutes
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using mortar and pestle. The fine powder is transferred into a
13 mm diameter die and made into a pellet using a hydraulic
press by applying a pressure of 7 tonnes. The fine pellet is
subjected to FTIR analysis using a universal pellet holder (a
single drop of oil is poured on the KBr pellet in the case of
liquid samples). Infrared spectral data were collected.

2.7.4. Powdered X-ray Diffraction

The sample is smeared over a low background sample
holder (amorphous silica holder) and fixed on the sample
stage in a goniometer. The instrument is set with B-B geom-
etry. The current and voltage is set to 40 mV and 35 mA and
data has been collected. Instrument make: Bruker Model D8
Advance Goniometer: theta/2 theta.

2.7.5. Transmission Electron Microscopy

Transmission electron microscopy (TEM) observations
were made with an FEI Technai Spirit G2, HT 120KV, Elec-
tron source LaB6, Netherlands, with an accelerating voltage
of 100kV. A droplet of a dilute suspension (0.02 wt%) of
chitin nanowhiskers was deposited onto a carbon-coated grid
and allowed to dry. No stain agent was used.

2.7.6. H* Nuclear Magnetic Resonance

The H'NMR experiments were performed on a 600 MHz
NMR spectrometer (ECZR Series, JEOL, JAPAN) using a
3.2mm CPMAS probe at 150MHz frequency. All the samples
were run at 18 KHz spinning speed at Room Temp and with a
delay of 5sec.

3. Result

3.1. Microbiological Assessment Revealed no
Pathogens

Sensorial Analysis of Fresh and Powdered Amla

Table 1 presents the results of the sensorial analysis per-
formed on fresh and powdered Amla fruit. The sensory at-
tribute changes were perceived in 1-5 minutes after spraying.
Considering the fresh Amla, an increase in both sourness and
bitterness points was found after the first spraying irradiating
mid-IR. Then, sourness rises to 8 points, while bitterness stays
the same after the second irradiation. These increasing points
indicate that Amla is less sour and less bitter. Thus, the result
reveals that the fresh Amla fruits have an increase in palata-
bility only after one irradiation. Considering the powdered
samples, it is possible to observe from Table 1, that a similar
increase in palatability was found after two irradiations.
However, subsequent irradiation led to a decrease in both
component points. A value of 3 points was found for sourness,
while 2 points were found for bitterness after 6 irradiations.
This result indicates that samples irradiated 6 times had a
pungent taste and loss of palatability. Comparing the fresh and
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powdered samples, it is observable that samples have similar
susceptibility to mid-IR even though they have different

moisture contents.

Table 1. Sensory profiling of fresh amla and amla powder samples.

Fresh Amla
Number of sprayings

Sourness Bitterness
Control 5 5

6 6

8 6

1
2
3
4 - .
5
6

3.2. Instrumentation Results

PowderedAmla

Sourness Bitterness

W w o1 o 0 o O
N W oo N oy Ol

3.2.1. High-Performance Liquid Chromatography Analysis

Table 2. Vitamin C analysis in amla powder samples from HPLC spectra.

Sample AUC Ascorbic acid conc. (mg/ml) Ascorbic acid (mg/100g of amla powder)
Control 17799.32 0.24427665 610

2 sprayed 35187.14 0.53245504 1330

6 sprayed 39940.94 0.61124252 1527

Table 2 presents Vitamin C analysis in amla powder sam-
ples from HPLC spectra, control sample has 610 mg of
ascorbic acid per 100 grams which lies well within range. In 2
sprayed samples, the ascorbic acid concentration was nearly

doubled reaching 1330 mg per gram of sample. in 6 sprayed
samples, the ascorbic acid concentration was 1527 mg per 100
grams. The results show promising improvement in ascorbic
acid concentration after MIRGA sprayings.

3.2.2. Gas Chromatography-Mass Spectrometry Analysis (Figure 1)

Table 3. GC-MS analysis of amla powder samples.

% area present in each sample

RT (Min) Name of compound
Control
23.726 2-tert-butyl-5-methylarisole 0.0
2,6 Dimethyl -9-1 (me-
29.206 thyl)-1-cyclodecanone 2.24
29.319 N-Hexadecanoic acid 2.70

Remarks
2 sprayed 6 sprayed
10.64 10.99 Peaks in only sprayed samples
0.0 0.0 Unique peak in control
7.51 5.60
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% area present in each sample

RT (Min)  Name of compound

Control
29.778 Ethylene Brassylate 5.28
30.741 Oleic acid 0.0
30.750 Octadecanoic acid (Stearic acid) 18.33
31.859 Palmitic acid 0.0
31.861 Octadecanal-2-bromo 0.0
33.201 2-Myristrynoyl-glycinamide 5.59
33.343 Olein, 2-Mono 0.0
33.354 Cis- Cis- Cis- 7,10,13, Hexadecatriene 0.0
33.508 13-Docosenoic acid, methyl esters (2) 2.95
39.45 Nonacosane 62.89

Table 3 represents GC-MS analysis of amla powder sam-
ples, control sample contains Nonacosane, Stearic acid,
2-Myristrynoyl-glycinamide, etc. However, several of the
peaks from the control sample disappeared after MIRGA
spraying. 2 sprayed sample has unique peaks of Palmitic acid,
Olein, 2-Mono, Oleic acid, and 2-tert-butyl-5-methylarisole.
There was a sharp decrease in the peak of Nonacosane and an

Remarks
2 sprayed 6 sprayed
2.94 1.78
14.01 12.25 Peaks in only sprayed samples
2.86 2.31
2.03 0.0 Unique peak in 2 sprayed samples
0.0 1.25 Unique peak in 6 sprayed sample
0.0 0.0 Unique peak in control
8.19 0.0 Unique peak in 2 sprayed samples
0.0 6.86 Unique peak in 6 sprayed sample
0.0 0.0 Unique peak in control
5180 58.93 The common and most abundant

peak in all the samples

increase in oleic acid. Thus 2 sprayed amla powder samples
were found to be very soft and dissolved in the mouth quickly.
6 sprayed samples showed all unique peaks such as Octade-
canal-2-bromo, Cis- Cis- Cis- 7,10,13, Hexadecatriene which
is responsible for pungent taste, with reduction in sourness
and bitterness.

DT 8, Waue gt =260 im ©IL'GI0T 2020 NBW 2006-1 1-30 02-04-1MAMC SAMPLE 260 NM.O)
W01 A, Waue bigti=260 im ©IL'GI0T 2020 NBW 2006-1 1-30 02-04-1 (A M2 S0 MP LE 260 N).0)
MU0 A, Wase bigti=260 im @ILGI0 2020 NBWY 2006-11-30 02-0¢-1 (0,06 SO MP LE 260 NM.O)
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Figure 1. GC-MS of Amla powder samples.
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3.2.3. Fourier Transform Infra-Red Spectroscopy
Analysis (Figure 2)

All transmission peaks are the same between the sprayed
samples. However, differences in intensity can be found when
samples are compared. The transmission band around
3400cm™ is attributed to the hydroxyl groups (-OH) present in
cellulose [12]. The increase in intensity could be related to
higher moisture content after two irradiations. After 6 irradi-
ations, the (OH-) transmittance is the same, indicating that
both samples have similar hydroxyl group content.

The transmittance around 1730 cm ' is attributed to pectins

—— Control

— 2 sprayed

with ester, the 1631cm™ to free carboxyl groups, the
1230cm™' to proteins, and 1015cm™ to polysaccharides,
sugars, and pectins [13].

2 sprayed sample: Bigger absorbance than control. Peaks
1631 cm™ and 618 cm™ are lower caused by protein reduction.
The effect of applied mid-IR caused an increase in tempera-
ture enough to precipitate protein (denaturation) leading to
reduction.

6 sprayed sample: A little bigger absorbance than 2 sprayed,
peaks 1631 cm-1 and 618 cm-1 are lower might have been
caused by protein reduction. The concentration of carbohy-
drate and carboxylic acid increased.

120.00

100,00

BLLLUL

40,00

2000

6 sprayed

Figure 2. FTIR of Amla powder sample.

3.2.4. X-ray Crystallography Analysis

Figure 3 presents the diffractogram of the three powdered
Amla samples. A broad peak between 6 = 10° and 30 ° cen-
tered on 21.5° is observed for the control sample. Two narrow
and intense peaks are observed at 20 = 19.7° and 30.9°, sug-
gesting the presence of crystalline phases within Amla.
Smaller peaks are discerned at 20 = 14.9° 26.9° and 37.8°.
Samples sprayed 2 times presented less intensity at peak 21.59
but a higher intensity at 26.92 The narrow, intense peak at
30.92almost disappeared after the first two irradiations.
However, this peak alteration did not result in a broader peak
or an increase in the amorphous region of the sample.

Samples sprayed 6 times presented a much broader region
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around the peak 21.59 indicating that the sample presents a
more amorphous character. The crystalline peak around 14.92
has disappeared, but crystalline peaks at 19.7< 26.9< and
30.9%%are present.

Comparing the effect of spraying repetition on the crys-
tallographic nature of the samples, it is observed that all three
samples show one intense, narrow peak followed by a broad
peak between 20 values 10° and 30°. The scattering in crys-
tallographic planes corresponding to 21.5° (broad peak) and
19.6° (narrow peak) shows that all three samples maintain
slightly similar crystalline structures. The broad peak can be
attributed to the presence of semi-crystalline polysaccharides
such as cellulose [14], while the crystalline peaks are at-
tributed to specific crystalline molecules present in the pow-
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der. These specific molecules have become crystallized after  irradiation.
3
L
6 sprayed
E
-
5
g
= 2 sprayed
1
control
1]
(1] 10 20 30 40 50 a0 70
=&
ANGLE {2-THETA®)

Figure 3. PXRD of the amla powder sample.

The reduction of overlapping peaks and width in the XRD of
2 sprayed samples allows more peaks to be seen at higher 26
values. This result indicates that samples sprayed 2 times are
more crystalline, due to some transition from an amorphous
into a crystalline structure due to increased water activity.

3.2.5. Transmission Electron Microscopy Analysis

Samples sprayed 6 times maintained a similar peak width to
the control samples but presented more peaks at higher 26
values. The peak at 14.9%increased in intensity from control to
2 sprayed but is absent in 6 sprayed showing the formation of
new minority phases with the increase in spraying.

B

Control 2 sprayed 6 sprayed

Figure 4. TEM of Amla powder.
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Figure 4 presents the TEM micrographs of the irradiated
samples. It is possible to observe that samples have become
different after irradiation. The TEM of control samples pre-
sented elongated whisker structures (700 x100 microns) while
the samples irradiated 2 times also presented whisker struc-
tures (600 x100 microns) but smaller. In both cases, the
structures mentioned are independent and have no specific
organization and orientation. The morphology of the samples
became completely altered after six irradiations and presented
much smaller spherical structures (diameter of about 25 mi-

Control

2 sprayed sample |
|

crons) and an agglomerated arrangement.

3.2.6. IH-NMR

Figure 5 presents the magnetic resonance of Amla fruit
samples. The 2 sprayings lead to a reduction of sourness and
bitterness caused by a diminution of the concentration of
ascorbic acid and polyphenolic compounds. In the spectrum,
it is difficult to evaluate the variations in the concentration of
ascorbic acid due to the overlap with other intense signals.

6 sprayed sample

Figure 5. 1H-NMR of Amla powder samples.

6 spraying leads to a similar effect on the sample, but the loss
of sourness and bitterness is more pronounced. The interpreta-
tion of these observations not only considers the total concen-
tration of the compounds involved in sourness and bitterness,
but also looks at the total balance between substances contrib-
uting to bitterness, sourness, and sweetness (since the last ones
could counteract the effect of the first ones).

The above trials and instrumentations validated the altera-
tions (compared to non-sprayed control) in viz., chemical
bond, chemical compounds, configuration, and sensory at-
tributes in Amla caused by MIRGA spraying.

4. Discussion

The action of MIRGA emitted 2-6 jum mid-IR on amla
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While spraying MIRGA, most of the mid-IR energy scat-
ters through the air and gets absorbed by receptors (Amla)
molecules. Virtually all organic compounds absorb mid-IR
radiation which causes a change in the molecule’s vibrational
state to move from the lower ground state to the excited higher
energy state [15]. This leads to changes in chemical bonds [16]
and these bond parameter changes lead to consequent changes
in the receptor’s physical and chemical characters, configu-
ration, compound transformation depending on the dose of
energy applied [17-20]. Nanostructured water layers can be
triggered upon application of mid-IR radiation since water
molecules absorb in this region [21, 22].

The 2-6 pm mid-IR is non-ionizing, biologically safe,
harmless, and capable of penetrating obscurants [23, 24],
coincides with most of the biomolecules causing photostim-
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ulation and photobiomodulation [25, 26], leading to chemical
bond changes [16] and physiochemical alterations [17, 20].
This stereochemical configuration alteration influenced the
amla’s enhanced sensory attributes [27].

Though amla is nutritious, it is less palatable due to strong
sourness and astringency [28] besides the short shelf-life [29]
which can be extended by drying [30] nutritional value de-
crease and limited availability of sunlight in some countries.
Other methods of amla processing are blanching, and
pre-treatment with chemical addition. These methods have
certain advantages but the occurrence of color and nutrition
leaching and quality loss is inevitable [31, 32]. 1% NaCl pre-
treated and 8 hrs 55°C drying of grated amla nearly overcame
the said disadvantages [33]. This method does not apply to
fresh amla fruit or marketed amla powder (with or without
pretreatment). However, MIRGA technology is more advan-
tageous, economical, rapid in action, and needs no skilled
person, hence used at all levels.

The inorganic substances that are utilized to create MIR offer
a potential avenue for biomedical uses [34, 35]. Additionally, it
is a novel synthesis technique for producing functional material
(2-6 m mid-IR) [36, 37]. It is well known that the combination
of different compounds with excellent electronic properties re-
sults in new composite materials, which have sparked significant
technological interest in recent years [38, 39].

One of the advantages of this technology is depending on
the number of MIRGA spraying a receptor’s chemical bond
configurations and subsequent physical and chemical char-
acters can be altered to our desire [9-11].

5. Conclusion

The effects of mid-IR irradiation on Amla fruit were suc-
cessfully studied. Amla fruit, both in the fresh and powdered
form, presented increased acceptability when irradiated with
mid-IR. The increase in acceptability results from several
physicochemical alterations on the fruit. Therefore, it is con-
cluded that MIRGA technology can be useful for the minimal
processing of fruits.
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GCMS: Gas Chromatography-Mass Spectrometry
FTIR: Fourier Transform Infra-Red

PXRD: Powdered X-Ray Diffraction

TEM: Transmission Electron Microscopy

NMR: Nuclear Magnetic Resonance

Supplementary Material

https://docs.google.com/document/d/1lugHu8azhlUyWrW
_6knHEIxgc0QFw75e0/edit?usp=sharing&ouid=111101387
151809704391 &rtpof=true&sd=true

60

Author Contributions

Umakanthan: Conceptualization, Methodology, Project
administration,

Madhu Mathi: Data curation, Investigation, Visualization,
Writing - Original draft preparation.

Umadevi and Sivaramakrishnan: Resources, Supervision,
Validation, Writing- Reviewing and Editing.

Data Availability Statement

All data is available in the manuscript and supplementary
materials.

Conflicts of Interest

The authors declare no conflicts of interest.

References
[1] Gul M, Liu Z-W, lahtisham-Ul-Hag, et al (2022) Functional
and Nutraceutical Significance of Amla (Phyllanthus emblica
L.): AReview. Antioxidants 11: 816.
https://doi.org/10.3390/antiox11050816

[2] ‘Yokozawa T, Young Kim H, Ju Kim H, et al (2007) Amla
(Emblica officinalis Gaertn.) prevents dyslipidaemia and oxi-
dative stress in the ageing process. Br J Nutr 97: 1187-1195.

https://doi.org/10.1017/S0007114507691971

[3] Antony B, Benny M, Kaimal TNB (2008) A Pilot clinical study
to evaluate the effect of Emblica officinalis extract (Am-
lamax™) on markers of systemic inflammation and
dyslipidemia. Indian J Clin Biochem 23: 378-381.

https://doi.org/10.1007/s12291-008-0083-6

[4] Akhtar MS, Ramzan A, Ali A, Ahmad M (2011) Effect of
Amla fruit (Emblica officinalis Gaertn.) on blood glucose and
lipid profile of normal subjects and type 2 diabetic patients.
International Journal of Food Sciences and Nutrition 62: 609—

616. https://doi.org/10.3109/09637486.2011.560565

[5] Yang B, Liu P (2014) Composition and Biological Activities of
Hydrolyzable Tannins of Fruits of Phyllanthus emblica. J Agric

Food Chem 62: 529-541. https://doi.org/10.1021/jf404703k

[6] Wijemanna ND, Ravindra U (2018) Amla as a potential sub-
strate for production of probiotic drink. Int J Curr Microbiol

Appl Sci 7: 2743-2756.

[7]1 MishraP, Mishra S, Mahanta CL (2014) Effect of maltodextrin
concentration and inlet temperature during spray drying on
physicochemical and antioxidant properties of amla (Emblica
officinalis) juice powder. Food and bioproducts processing 92:

252-258.

[8] Nisha P, Singhal RS, Pandit AB (2004) A study on degradation
kinetics of ascorbic acid in amla (Phyllanthus emblica L.) during
cooking. International Journal of Food Sciences and Nutrition 55:

415-422. https://doi.org/10.1080/09637480412331321823


http://www.sciencepg.com/journal/sf

Science Frontiers

http://www.sciencepg.com/journal/sf

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Umakanthan, Mathi M (2022) Decaffeination and improve-
ment of taste, flavor and health safety of coffee and tea using
mid-infrared wavelength rays. Heliyon 8: e11338.
https://doi.org/10.1016/j.heliyon.2022.e11338

Thangaraju U, Mathi M (2023) Quantitative reduction of heavy
metals and caffeine in cocoa using mid-infrared spectrum ir-
radiation. Journal of the Indian Chemical Society 100: 100861.
https://doi.org/10.1016/j.jics.2022.100861

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

Kondo T (1997) The assignment of IR absorption bands due to
free hydroxyl groups in cellulose. Cellulose 4: 281-292.
https://doi.org/10.1023/A:1018448109214

Canteri MH, Renard CM, Le Bourvellec C, Bureau S (2019)
ATR-FTIR spectroscopy to determine cell wall composition:
Application on a large diversity of fruits and vegetables. Car-
bohydrate Polymers 212: 186-196.

Saxena S, Singh N, Jain N (2018) Low Cost, Non-conventional
Adsorbents Neem leaves powder (NPL), Peepal leaves powder
(PPL), Amla leaves powder (APL) used for Pb Removal. IOSR
Journal of Engineering 08: 01-13.

Girard JE (2014) Principles of Environmental Chemistry, 3rd
edn. Jones & Bartlett Publishers.

Mohan J (2004) Organic Spectroscopy: Principles and Appli-
cations. CRC Press.

Atkins P, Paula J de (2011) Physical Chemistry for the Life
Sciences. OUP Oxford.

Yi G-C (ed) (2012) Semiconductor Nanostructures for Optoe-
lectronic Devices: Processing, Characterization and Applica-
tions. Springer Berlin Heidelberg, Berlin, Heidelberg.

Datta SN, Trindle CO, Illas F (2014) Theoretical and Compu-
tational Aspects of Magnetic Organic Molecules. Imperial
College Press.

Esmaeili K (2015) Viremedy, Homeopathic Remedies, and
Energy Healing Remedies as Information — including Reme-
dies; A Synopsis. Google books, p 43.

Sommer AP, Caron A, Fecht H-J (2008) Tuning Nanoscopic
Water Layers on Hydrophobic and Hydrophilic Surfaces with
Laser Light. Langmuir 24: 635-636.
https://doi.org/10.1021/1a7032737

Sommer AP, Zhu D, Mester AR, F&sterling H-D (2011)
Pulsed Laser Light Forces Cancer Cells to Absorb Anticancer
Drugs — The Role of Water in Nanomedicine. Artificial Cells,
Blood Substitutes, and Biotechnology 39: 169-173.
https://doi.org/10.3109/10731199.2010.516262

Prasad NS (2005) Optical communications in the mid-wave IR
spectral band. J Optic Comm Rep 2: 558-602.
https://doi.org/10.1007/s10297-005-0057-x

Pereira MF, Shulika O (eds) (2011) Terahertz and Mid Infrared

61

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

Radiation: Generation, Detection and Applications. Springer
Netherlands, Dordrecht.

Pollack GH (2015) Cell electrical properties: reconsidering the
origin of the electrical potential. Cell Biology International 39:
237-242. https://doi.org/10.1002/cbin.10382

Toor F, Jackson S, Shang X, et al (2018) Mid-infrared Lasers
for Medical Applications: introduction to the feature issue.
Biomed Opt Express 9: 6255.
https://doi.org/10.1364/BOE.9.006255

Williamson KL, Masters KM (2011) Macroscale and Mi-
croscale Organic Experiments, 6th edn. Brooks/ Cole Cengage
learning.

Pareek S, Kitinoja L, Kaushik RA, Paliwal R (2009) Posthar-
vest physiology and storage of ber. Stewart Postharvest Review
5:1-10.

Pathak PK, Preeti D, Sunil K (2009) Effect of post-harvest
treatments on shelf-life of aonla (Emblica officinalis) fruits
damaged during harvesting. Journal of Food Science and
Technology (Mysore) 46: 283-285.

Deka BC, Sethi V, Parsad R, Batra PK (2001) Application of
mixtures methodology for beverages from mixed fruit
juice/pulp. Journal of food science and technology 38: 615-
618.

Gornicki K, Kaleta A (2007) Drying curve modelling of
blanched carrot cubes under natural convection condition.
Journal of Food Engineering 82: 160-170.

Tembo L, Chiteka ZA, Kadzere I, et al (2008) Blanching and
drying period affect moisture loss and vitamin C content in
Ziziphus mauritiana (Lamk.). African Journal of Biotechnol-

ogy 7.

Sonkar N, Rajoriya D, Chetana R, Venkatesh Murthy K (2020)
Effect of cultivars, pretreatment and drying on physicochem-
ical properties of Amla (Emblica officinalis) gratings. J Food
Sci Technol 57: 980-992.
https://doi.org/10.1007/s13197-019-04131-8

Dukenbayev K, Korolkov I, Tishkevich D, et al (2019) Fe304
Nanoparticles for Complex Targeted Delivery and Boron
Neutron Capture Therapy. Nanomaterials 9: 494.
https://doi.org/10.3390/nan09040494

Tishkevich DI, Korolkov 1V, Kozlovskiy AL, et al (2019)
Immobilization of boron-rich compound on Fe304 nanoparti-
cles: Stability and cytotoxicity. Journal of Alloys and Com-
pounds 797: 573-581.
https://doi.org/10.1016/j.jallcom.2019.05.075

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

El-Shater RE, El Shimy H, Saafan SA, et al (2022) Synthesis,
characterization, and magnetic properties of Mn nanoferrites.
Journal of Alloys and Compounds 928: 166954.
https://doi.org/10.1016/j.jallcom.2022.166954


http://www.sciencepg.com/journal/sf

Science Frontiers http://www.sciencepg.com/journal/sf

[38] Kozlovskiy AL, Zdorovets MV (2021) Effect of doping of [39] Almessiere MA, Algarou NA, Slimani Y, et al (2022) Investi-

Ced+/3+ on optical, strength and shielding properties of gation of exchange coupling and microwave properties of
(0.5-x)Te02-0.25M00-0.25Bi203-xCe0O2 glasses. Materials hard/soft (SrNi0.02Zr0.01Fe11.96019)/(CoFe204)x nano-
Chemistry and Physics 263: 124444, composites. Materials Today Nano 18: 100186.
https://doi.org/10.1016/j.matchemphys.2021.124444 https://doi.org/10.1016/j.mtnan0.2022.100186

62


http://www.sciencepg.com/journal/sf

