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Enhancement of Sensory Quality, Nutritional and
Health Benefits of Complementary Baby Food
through 2—6um mid-Infrared Irradiation

Umakanthan T *, Madhu Mathi ° & Umadevi U ®

Absiract- Complementary foods are provided to infants when
the amount of breast milkk produced by the mother is
insufficient. Numerous baby foods are available in the market
worldwide but their quality is questionable. Therefore, we used
our recently invented 2-6um mid-infrared generating atomizer
(MIRGA) on various brands of complementary baby foods to
safely enhance their quality in terms of nutrition and sensory
attributes. The effects of mid-IR irradiation on baby food
included compound transformation, changes in the protein
concentration, changes in the chemical bond, and changes in
the nanoparticle morphology. The matrix structure and sensory
attributes and other benefits were analyzed and validated with
various tests and are presented here.

Keywords: MIRGA, 2-6um mid-infrared, complementary
infant food, quality enhancement, food safety, economy.

[ INTRODUCTION

evolved to provide the child with the nutrients
needed for growth and development. As the
infant grows, the hedonic properties and composition of
the breast milk change naturally. This chronological
change in the characteristics of the milk fulfills the
infant’s growth and developmental needs and also
encourages the infant to learn new eating skills and
preferences (Institute of Medicine, 1991; Picciano, 2001;
Dowey, 2001; Murray, 2017). Nevertheless, not all infants
can obtain all the nutrition they need when the amount
of breast milk is insufficient. Hence, the food industry
has developed a wide variety of complementary baby
foods including baby rice cereals and pureed meats,
vegetables, and fruits. However, the quality of marketed
complementary baby foods around the world is under
debate (Mohamed et al., 2018). To complicate this
problem, no scientific methods are currently available to
improve the quality of complementary baby foods.

In this study, we applied mid-infrared irradiation
generated by a mid-infrared generating atomizer

3reast milk is the ideal food for infants as it has
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(MIRGA) to baby foods, aiming to improve the quality of
the foods. The 2-6 um mid-IR is the safest zone in the
infrared spectrum which penetrates obscurant media
(Pereira et al., 2011). This non-ionizing-irradiated baby
foods were subjected to various analyses to determine
whether the changes also occurred at the molecular
level. The goal was to improve the quality of
complementary baby foods without compromising their
safety.

[I.  MATERIALS

MIRGA (patent No.: 401387) is a polypropylene
plastic atomizer of 20 mL capacity containing an
inorganic water-based solution composing Sodium
carbonate monohydrate, Sodium carbonate anhydrous,
Potassium nitrate  and Sodium chloride. The
specifications of MIRGA (MIRGA) and the process of
generating 2-6pum mid-IR while spraying with MIRGA are
described by Umakanthan et al., 2022a, Umakanthan et
al., 2022b; Umakanthan et al., 2023c,; Umakanthan et al.,
2023d (Figure S1) (details presented in Supplementary
TextT1)

Complementary baby foods from three different
multinational brands available in the market were
individually sprayed with MIRGA, taking care not to mix
any brand or batch during the experiments. The
samples used were from the same source in terms of
the manufacturer and batch number, and the only
difference among them was the number of sprayings
they received.

The instruments used to identify the changes
caused by MIRGA in the complementary baby foods
were the following:

FTIR: Fourier-transform infrared spectroscopy (FTIR)
was performed using a JASCO 4200 Plus
spectrophotometer with ATR (range of 4000-400 cm™" at
298 K). The aim was to detect changes in the chemical
bonds.

GC-MS: Gas chromatography-mass spectrometry (GC-
MS) was conducted using an Agilent Technologies 7820
GC system with a 5977E MSD, fitted with a DB-5
column. The temperature range was 100-270°C. The
carrier gas was helium at a flow rate of 1.2 mL/min. GC-
MS  analyses revealed  chemical  compound
transformation.
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PXRD: Powder X-ray diffraction (PXRD) was performed
using a Rigaku RINT 2500 X-ray diffractometer (CuKa
anode; A = 1.541 Ao). Samples were scanned at 40kV
and 30mA from 5 to 35 °C 26 values and analyzed using
PDXL2 software (Rigaku). PXRD analyses revealed
structural changes.

TEM: A high-resolution  transmission  electron
microscope (HR-TEM) model FEI -TECNAI G2-20 TWIN
was used to observe the sample structure. The
operating voltage was 200kV.

Proton NMR: H1NMR spectra of milk powder
samples (ca. 8mg for 1H) in DMSO-D6 (Eurisotop,
France) were recorded to identify  proton
resonances. Spectra were acquired using a 300 MHz
AVANCE Il (Bruker BioSpin, Switzerland) spectrometer
equipped with a 5mm BBO probe (Bruker BioSpin,
Switzerland). The experiments were conducted at
298.15 K and data were processed using the standard
pulse sequence library of TopSpin 3.2 (Bruker BioSpin,
Switzerland). The proton resonance was identified.

3D Fluorescence spectroscopy: 3D fluorescence
emission spectra were measured on a Hitachi F-7000
spectrophotometer in the range of 200-700 nm at 298
K. The spectral patterns were analyzed using the original
software (Hitachi). The contour and signal-to-noise
ratios were determined.

An expert sensory panel (n=6) from the dairy
industry and a group of feeding mothers (n=18)
participated in the study.

[II.  METHODS

Spraying was done from a 0.25 to 0.50 m
distance toward the packaged (polythene/ paper) baby
food (the spraying method is shown in the video link
presented in Supplementary Video V1). This distance is

essential for the MIRGA sprayed solution to form ion
clouds, which oscillate generating 2-6um mid-IR. The
rays can penetrate the packaged material and exert their
action on the baby food inside. Close spraying does not
generate sufficient energy to yield the desired outcome.

A control sample of 50 g was taken from a 500
g polyethylene packet of a specific brand and batch of
baby food and a sensory test was carried out. Then, the
packet containing the remaining baby food was sealed
with cellophane tape, and one MIRGA spraying was
externally applied from a distance of 0.25 to 0.50 m. The
packet was opened and a sample of 30 g was taken,
which was used for another sensory test. The cycle of
spraying and sensory tests was repeated 14 times.
Second trial was done using another 14 samples taken
from a specific second brand and batch of 500 g baby
food packet. The same procedure was repeated for a
specific third brand and batch of baby food also. The
sensory tests were conducted using an acceptability
index based on a hedonic scale with a 9-point nominal
structure: 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 (Everitt, 2009, Wichchuki et al.,
2014). Analyses were repeated for increased accuracy.

The control and 4-, 10-, and 14-sprayed
samples were subjected to various laboratory analyses
and the obtained results were compared.

V.

After MIRGA spraying, the taste and palatability
difference among the brands was substantial. Therefore,
we limited our analysis and discussion to one
complementary baby food made by a multinational
company (Table 1).

RESULTS AND DISCUSSION

Table 1. Sensory Attribute Test

Number of MIRGA sprayings | Score by the sensory expert panel Opinion of feeding mothers
Control 5 Neither like nor dislike

1 5 -

2 6 -

3 6 -

4 7 Like moderately

5 7 -

6 6 -

7 7 -

8 8 -

9 8 -

10 9 Like extremely

11 6 -

12 5 -

13 4 -

14 2 Dislike very much
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The control had a regular taste. The samples
sprayed 4 and 10 times acquired moderately and highly
enhanced sweetness, respectively, but the sweetness of

Instrumentation results of Complementary baby food

(aw data of all
Supplementary data D1)

the sample sprayed 14 times was greatly reduced.
These changes in sensory attributes were perceived 1-5
minutes after spraying.

GC-MS of complementary baby food

instrumentations  presented in

Table 1. Volatiles in complementary baby food, identified by GC-MS analysis

(Il:\;i-[{) Name of Compound % Peak area of the samples
Control | 4-sprayed 10- 14- Remarks
sprayed sprayed
11.15 | n-Hexadecanoic acid 0.12 1.66 0.0 0.0
11.81 | n-Hexadecanoic acid 4.32 3.22 0.0 0.0
11.93 | n-Hexadecanoic acid 0.77 5.07 0.0 0.0
12.06 | n-Hexadecanoic acid 0.82 0.61 0.0 0.0
1p.4g | 11-Dodecen-1-ol 092 7.05 0.0 0.0
trifluoroacetate
12.63 | n-Hexadecanoic acid 1.28 2.68 0.0 0.0
12.71 | n-Hexadecanoic acid 0.57 3.66 0.0 0.0
12.81 | n-Hexadecanoic acid 0.25 0.0 0.0 0.0
13.02 | n-Hexadecanoic acid 0.74 0.0 0.0 0.0
13.10 | n-Hexadecanoic acid 0.39 0.0 0.0 0.0
13.28 | 9-Octadecenoic acid 2.20 0.0 0.0 0.0
13.49 | 9-Octadecenoic acid 9.64 0.0 0.0 0.0
Only present in the 4-
13.59 | trans-13-Octadecenoic acid 0.0 26.52 0.0 0.0 sprayed sample. Anti-
inflammatory effects
(Hameedet &/, 2016)
Only present in the 4-
13.67 | 2,3,3-Trimethyl-1,7-octadiene 0.0 31.88 0.0 0.0 sprayed sample. New
compound.
14.24 | 6-Octadecenoic acid 0.19 0.0 0.0 0.0
14.66 | Oleic Acid 0.92 0.0 0.0 0.0
14.75 | 9-Octadecenoic acid 1.37 0.0 0.0 0.0
15.35 | Octadec-9-enoic acid 0.14 0.0 0.0 0.0
15.40 | 9-Octadecenoic acid 0.26 0.0 0.0 0.0
15.48 | 9,17-Octadecadienal 0.94 0.0 0.0 0.0
, o Only present in the 4-
1558 | 11-(1,3-Propanediyl)bis- 0.0 12.02 0.0 0.0 spr;/yé)d sample. New
cyclohexane
compound.
15.88 | 2-Octyl-cyclopropaneoctanal 0.35 0.0 0.0 0.0
16.19 | cis-9-Hexadecenal 0.75 0.0 0.0
1p.2g | 2Hydroxy- 213 0.0 0.0 0.0
cyclopentadecanone
16.26 | cis-9-Hexadecenal 2.71 0.0 0.0 0.0
16.28 | cis-11-Hexadecenal 0.0 1.69 0.51 0.0
16.44 | Oxacyclododecan-2-one 1.43 0.0 0.0 0.0
16.58 ;ii—gydroxypentadecanom 858 00 00 00
16.83 | Oleic acid 1.25 0.0 0.0 0.0
16.96 | 2,3-Dihydroxypropyl elaidate 0.46 0.0 0.0 0.0
Only present in the 4-
17.12 | cis-11-Hexadecenal 0.0 9.75 0.0 0.0 sprayed sample. New
compound.
17.37 | cis-Vaccenic acid 0.48 0.0 0.0 0.0
17.43 | Bicyclo[5.3.1]undecan-11-one 0.55 0.0 0.0 0.0

© 2024 Global Journals

! Year 2024

(K)



Global Journal of Medical Research (K) Volume XXIV Issue I Version IH Year 2024

17.84 | Tetradecanal 8.39 0.0 0.0 0.0
17.84 | 2-Cyclohexyl-dodecane 0 0.0 44.37 43.04
17.87 | (1-Methylethyl)-cyclohexane 12.09 0.0 0.0 0.0
18.12 Oleic acid, 3-hydroxypropyl 13.07 00 00 00
ester
18,09 | QCtadecanoic —acid,  23-| ;59 0.0 0.0 0.0
dihydroxypropyl ester
18,52 | 2Methyl-2,2-3,13- 2,20 0.0 0.0 0.0
octadecadienol
18.75 3-Trifluoromethylbenzoic acid, 131 00 00 00
2-pentadecyl ester
Only present in the 4-
18.84 | 13-Octadecenal 0.5 8.39 0.0 0.0 sprayed sample. New
compound.
9-Octadecenoic acid (2)-, 2-
19.22 | hydroxy-1-(hydroxymethyl) 0.32 0.0 0.0 0.0
ethyl ester
Most abundant in the
10- and  14-sprayed
samples. Antibacterial,
anticancer, immune-
19.71 | Oleic acid 0.0 9.39 56.14 56.96 stimulant, and  anti-
inflammatory effects
(Mustapha et al, 2016;
Helioswilton et al,
2013).
9-Octadecenoic acid (2)-, 2,3-
19.77 | dihydroxypropy! ester 14.12 0.0 0.0 0.0
20.02 Fumaric acid, cis-hex-3-enyl 54 00 00 00
heptadecyl ester
20.27 | 9,17-Octadecadienal, 3.2 0.0 0.0 0.0
20.70 | Isopropyl linoleate 0.51 0.0 0.0 0.0
20.91 | 9,17-Octadecadienal, 0.74 0.0 0.0 0.0
21.07 | Decylsulfide 1.66 0.0 0.0 0.0
9-Octadecenoic acid (2)-, 2-
21.15 | hydroxy-1-(hydroxymethyl) 0.35 0.0 0.0 0.0
ethyl ester
2138 1,2,3,6—Tetra_hydro—1—methyl—4— 0.4 00 00 00
phenyl-pyridine
2176 9-Octadecenoic acid (2)-, 2- 116 00 00 00
hydroxyethy! ester
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Fig. 1. GC-MS spectra of complementary baby food

The control sample contained many aldehydes
and long-chain fatty acids such as oleic acid and
palmitic acid. After spraying the samples 4 and 10
times, the sweetness increased and the long-chain fatty
acid content, which has health benefits, increased
(Zarate et al., 2017; Hoppen brouwers et al., 2019). In
particular, the long-chain fatty acidé-octadecenoic acid
(C18) and 2-cyclohexyl-dodecane were generated by
spraying. The sample sprayed 14 times showed oleic
acid and 2-cyclohexyl-dodecane as the major peaks.
These compounds are the by-products of spraying and
transformation (Figure 1, Table 1).

MIRGA spraying has been reported to increase
the content of some free fatty acids, which influence the
product quality, flavor, texture, and nutritional properties
(Larodan Research Grade Lipids; Human Metabolome
Database) and as a consequence, also shows health
benefits (Kilcawley et al., 2017). The samples sprayed 10
and 14 times showed oleic acid as the most abundant
compound. This fatty acid has many health benefits like
increasing high density lipoprotein, reducing the risk of
heart diseases, etc. (Aleksandra et al., 2019, Anka et al.,
2021)
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Fig 2: FTIR of complementary baby food
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S-H bond stretching was observed near 2358
cm™ (Merck, 2020) in the 10- and 14-sprayed samples,
which suggests the breakage of the protein secondary
structure due to the reduction of the disulfide bonds.
Furthermore, the control and the 4-sprayed sample did
not show any change in their protein structures.
However, these two samples showed an aliphatic C=0
stretching at 1700 cm™ from carboxylic acid, which is
most probably derived from lipids. This signal was
absent in the 10- and 14-sprayed samples, which may
be due to the formation of lipid anhydrides (Merck,
2020). C-N bond stretching was detected at 1395 cm™,
which corresponded to free amino acids. The intensity
of the C-N bond stretching signal waslower in the
samples sprayed 10 and 14 times, indicatingthe
formation of amino acid dimers (Rumbley et al., 2001;
Kazlauskas, 2018). C-O bond stretching was observed
at 1350 cmfor the control and the sample sprayed 4

times but it was absent in the samples sprayed 10 and
14 times. This may be explained bythe breakage of
lactose into glucose and galactose (Figure 2). The
increase in the sweetness of the sample sprayed10
timeswas be due to the formation of glucose from
lactose (Vernikovskaya et al., 2022). As glucose is much
sweeter than lactose, the breakage of lactose caused
the increased sweetness of the baby food. However, the
decreased sweetness in the sample sprayedi4 times
wasdue to the degradation of the baby food caused by
excessive spraying.

Another C-N bond stretching was detected at
1220 cm™ (Fig 2), which corresponded to the free amino
acids (Merck, 2020). This signal was present in the
control and the sample sprayed4 times but was absent
in the samples sprayed10 and 14 times. This may be
explained bythe formation of amino acid dimers at the
amine group in the samples sprayed10 and 14 times.

PXRD
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Fig. 3: PXRD of complementary baby food

All four (control, 4, 10 and 14 sprayed) samples
showed a single broad peak at 19.6°. This result
suggests an improvement in the crystallinity of the
powders as the number of sprayings increased.
However, the crystallinity of the sample sprayed 4 times

decreased by 6.8% because of the formation of lipid
anhydrides (Herman, 2007). On the other hand, the
crystallinity of the samples sprayed 10 and 14 times
increased by 5.9% and 9.9%, respectively (Table 2).

Table 2: PXRD analysis of complementary baby food

Percentage change in the baby food samples
Control 4-sprayed 10-sprayed 14-sprayed
Peak (min) 19.64 19.33 19.68 18.58
Area 111837 104215 118457 122864
Change in area 0 -7622 6620 11027
Fraction change in area 0 -0.06815 0.059193 0.098599
Percentage change 0 -6.81528 5.919329 9.859885

© 2024 Global Journals



ENHANCEMENT OF SENSORY QUALITY, NUTRITIONAL AND HEALTH BENEFITS OF COMPLEMENTARY BABY FOOD THROUGH
2-6uM MID-INFRARED [IRRADIATION

TEM
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Fig. 4: TEM of complementary baby food
Table 3: TEM analysis of complementary baby food

Control 4-sprayed 10-sprayed 14-sprayed
Nanoparticles of 10-30
. Nanoparticles of 10-30 | nm and larger sub- | Nanoparticles of 10-40 | Different mass
Size of the . . . .
articles nm and  sub-micron m!crometer . and | nm and amorphous-like | aggregates in the 0.5—
P particles of 300-400 nm micrometer-sized aggregates of 0.5-2 um 2 um range
particles of 100-400 nm
Shape of the Clustered. Ellipsoidal and
:rticles Mainly semi-spherical Mainly semi-spherical amorphous-like Mass aggregates
P aggregates
Nanoparticles were | Nanoparticles were
Particle unevenly distributed. | unevenly distributed. | Uneven distribution of the | Uneven mass
o Larger particles showed a | Larger particles showed a | mass within the | distribution within the
distribution
homogeneous mass | homogeneous mass | aggregate body aggregate body
distribution distribution

Compared to the control, the sample sprayed 4  observed (Table 3) (details presented in Supplementary
times showed minor changes to the morphology and  Text T2).
matrix structure. By contrast, the samples sprayed 10
and 14 times showed substantial changes to the
morphology and matrix structure, with differences mainly
in the type of particles observed. In the control and 4-
sprayed samples, the main components were semi-
spherical individual nanoparticles and sub-micrometer
particles, whereas in the samples sprayed 10 and 14
times, ellipsoidal nanoparticles were grouped in large
clusters and micrometer-sized mass aggregates were

© 2024 Global Journals

Global Journal of Medical Rescarch (K) Volume XXIV Issue I Version | H Year 2024



Global Journal of Medical Research (K) Volume XXIV Issue I Version In Year 2024

Proton NMR
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Fig. 5: 1TH-NMR of complementary baby food

The intensity of the peak at 8 3.90-6.00 was due
to the -OH and -NH protons of the sugar ring, and that
at 8 1.068-1.103 was due to the B-hydroxy butyrate
group. This group has potent anti-inflammatory
property, hence useful in inflammatory bowel disease
and irritable bowel syndrome. This peak was notable in
the sample sprayed10 times, small in the sample

sprayed 14 times, and absent in the sample sprayed4
times (Figure 5). These differences in peak intensities
were related to the varying protein solution
concentration that resulted from the changes induced
by MIRGA spraying (details are presented in
Supplementary Text T3).

3D Fluorescence spectroscopy

bhu baU bbU
600 500 500
560 550 550
500 500 2 500
EX 450 EX 450 s EX 450
(nrm) 4pg o 2 {nm) 4pp : (nm) 4pg
350 ; 350 : 350
300 300 : . 300 - 2
20 3P ((C 250 e (C 250 gl (C
300 400 500 600 700 300 400 500 600 700 300 400 500 600 700
Ebd(nm) Ebd(nm) Ehdinm)
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Fig. 6: 3D Fluorescence spectroscopy of complementary baby food
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The samples were fluorescence active. A
Rayleigh scattering peak (A,=A.n) Was observed in all
spectra. The increased fluorescence intensity in the
sample sprayed14 times was due to the spectral
behavior of the tryptophan residues that were formed as
a result of the unfolding of the protein (Kazlauskas,
2018; Rumbley et al., 2001) (Figure 6). Tryptophan is
useful for in vivo synthesis of proteins, to cure of autism,
cognitive  dysfunction, cardiovascular and kidney
diseases, inflammatory bowel diseases and induce
sleep, etc.

MIRGA and mid-infrared irradiation

The concept of MIRGA is based on the action of
the2—6 um mid-IR irradiation on the chemical bonds of
coffee, tea, cocoa powder, edible salt and terminalia as
described in previous studies conducted by our team
Umakanthan et al., 2022a; Umakanthan et al., 2022b;
Umakanthan et al., 2023c; Umakanthan et al., 2023d (a
detailed discussion is presented in Supplementary Text
T4).

Action of MIRGA-emitted 2—6 ummid-IR on baby food

The laboratory analyses described above
showed that the C-N and C-O bond stretching,
formation of new molecules, lactose breakage,
increased crystallinity, and configurational changes were
responsible for the improved quality of the baby food.
The applied mid-IR is absorbed by the carbohydrates,
protein, fat, and water in the food. The vibrational
frequencies of these molecules correspond to this
wavelength (Toor et al, 2018), thus resulting in
photostimulation and photobiomodulation  (Pollack,
2015). These phenomena lead to changes in the
vibrational modes of the molecules (e.g., stretching)
(Mohan, 2004; Shankar, 2017) and chemical compound
transformation (Xu et al., 2017), ultimately altering the
physical and chemical properties (Yi, 2012, Atkins et al.,
2011) of the food. Thus, the favorable organoleptic and
biochemical changes corresponded to the number of
sprayings occurred.

FTIR analysis revealed that the reduction of
disulfide bonds results in health benefits (Mossuto,
2013). Moreover, the breakage of lactose into glucose
ad galactose increased the sweetness of the food.
Fetuses (Hayes et al., 2017), infants, and children
naturally prefer the sweet taste (Murray, 2017) so
sweeter baby food is expected to be more appealing to
infants.

The formed lactose-free by-product is suitable
for lactose-intolerant infants and is also an affordable
alternative to Maltodex (Maldonado et al., 1998, Hofman
et al., 2015) as well as a therapeutic agent against
diarrhea in children (Sethi et al., 2018). As evidenced by
the PXRD analysis, increased crystallinity is an added
value to the manufacturer and consumer. 3D
fluorescence spectroscopy revealed the unfolding of
protein as a result of the MIRGA spraying, with more

sprayings resulting in greater unfolding. By contrast,
FTIR revealed that 4 spraying preserved the protein
structure. Based on our experience, we consider the
complementary baby food enhanced by MIRGA
spraying can be used in addition to breast milk feeding
when the latter is insufficient. Also based on our
experience in this research and unrevealed results in this
paper, we humbly request feeding mothers to feed
babies with the mother’s milk or on deficit the cow milk
especially milk of native cows or the MIRGA sprayed
complementary baby foods.

V. CONCLUSION

Complementary baby food was irradiated with
2-6um mid-infrared. Sensory and instrumental analyses
revealed that mid-IR irradiation favorably altered the
chemistry of complementary baby food, thereby
improving the aroma, texture, nutritional, and health
benefits of the baby food. This technology can be used
in the future to enhance the quality and sensory
attributes of similar products.
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SUPPLEMENTARY DATA

D71: Raw data files of Complementary baby food
instrumentations
https://drive.google.com/open?id=1Y31W6EKDDz3jveY2
GPB8P3x3U4-T8KEw8

Supplementary video:

V1. Method of spraying
https://drive.google.com/open?id=1QoRwTESKfSdoJTf
D--xIG9YpTDnVonGW

Supplementary Text

T1:

MIRGA (under-patent no.: 401387)is a 20-mL
capacity polypropylene plastic atomizer containing an
inorganic (molar mass 118.44 g/mole) water-based
solution. The sprayer unit has dimensions 86 x 55 x 11
mm, an orifice diameter of 0.375 mm, ejection volume
0.062 + 0.005 mL, and ejection time 0.2 s. The average
pressure is 3900 Pa, and the cone liquid back pressure
is 2000 N/m? During spraying, approximately 1-ug
weight of water is lost as mist and the non-volatile
material in the sprayed liquid has a concentration of 153
mg/mL. Depending on the pressure applied to the
plunger, every spraying is designed to generate 2-6 um
as estimated by an FTIR (retro-reflector) interferometer
instrument (Detector type D* [cm HZ1/2 - 1] MCT [2-TE
cooled]) at Lightwind, Petaluma, CA, USA.

Raw data files for estimation of 2-6 um mid-IR
generated from MIRGA while spraying:
https://drive.google.com/open?id=1zTiqglOMVgpaTsiEF
qGeyvDM62juHMO06
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Fig: Estimation of 2-6 um mid-infrared while spraying MIRGA atomizer

Supplementary text

T2: Detailed TEM interpretation
Bright-field images

Control sample:
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MNC: control
Natural taste

Top row images: nanoparticles. Bottom row images: submicron particles.

The control sample is mainly composed of
particles, either in the nanometer (images in top row)
and in the submicrometer (images in bottom row)
ranges. Both particle types appear not clustered, each
other or to other components, and show mainly semi-
spherical shape. Size ranges are 10 — 30 nm for
nanoparticles, and 300 — 400 nm for larger particles.
Besides the size, main difference between the two types

4 sprayed sample:

concerns the uniformity of distribution of the particle
mass within particle body. In the nanoparticles the
mass appear unevenly distributed, as it is mostly visible
in top right image. Viceversa, larger particles show
homogeneous mass distribution, as clearly documented
by bottom row images. Dark appearance of particles
has to be related to mass contrast, since the control
sample has amorphous structure.

MN4: low treated

Approx. 40% sweetness increased

e .
) ’J._

Top row images: nanoparticles. Bottom row images: particles in the submicrometer (left, central) and above-
micrometer (right) ranges.

In the 4 sprayed sample the overall morphology
of the control sample is preserved, indicating that the 4
sprayings does not affect heavily the sample matrix. It is
mainly composed of particles, either in the nanometer
(images in top row) and in the submicrometer (images
in bottom row) ranges. Similarly to control, both particle
types appear not clustered to other components, and
show mainly semi-spherical shape. Size ranges are 10 -
30 nm for nanoparticles, and 100 — 400 nm for larger
ones. An example of the combined presence of the two
size ranges is given in top left image, where both
nanoparticles and submicrometer particles are visible.
However, differently from the control, larger particles are
also observed, like the one in bottom right image,

ranging 1 — 2 um. Similarly to control, main difference
between nanoparticles and larger particles concerns the
distribution of mass within particle body. In the
nanoparticles the mass appear unevenly distributed, as
it is clearly visible in top right image. Viceversa, larger
particles show homogeneous mass distribution, as
clearly documented by bottom row images. Dark
appearance of particles has to be related to mass
contrast, since the 4 sprayed sample has amorphous
structure.
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10 sprayed sample:

MN10: medium treated
Approx. 60% sweetness increased

o

.ﬂv

Top row images: clusters of nanoparticles (left), Bottom row images: particles in the submicrometer range (central),
cluster of mass aggregates (right).

Semi-spherical nanoparticles similar to those
observed in the control and 4 sprayed samples are
anyway also visible in the 10 sprayed sample, like those
indicated by arrows in the top central image.
Amorphous-like aggregates of material range 0.5 -2 um
size; they are observed either in clusters (top right

image), or individually (bottom images). The
inhomogeneous distribution of dark areas observed on
these aggregates suggests an uneven distribution of
mass within the aggregate body. Indeed, since also the
10 sprayed sample has non crystalline structure, dark
areas have to be related to mass contrast effects.

MN14: high treated
Approx. 50% sweetness reduced

14 sprayed sample:

Differently from previously discussed samples,
in the 14 sprayed sample the matrix structure and
morphology of control is not preserved, indicating that
also the 14 sprayings affects significantly the sample
matrix itself. Neither nanoparticles, nor larger semi-
spherical particles, are generally visible from available
images, while mass aggregates are widely documented,
suggesting that this type of materials are far more
abundant than in previously discussed samples, with
the partial exception of the medium treated one. Mass
aggregates show similar size range than those of 10
sprayed sample. Similarly to the latter, also, a clearly
inhomogeneous distribution of dark areas is observed
on these aggregates, that suggests an uneven
distribution of mass within the aggregate body. Indeed,

© 2024 Global Journals
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Top and bottom row images: different mass aggregates observed in this sample.

since also the 14 sprayed sample has non crystalline
structure, dark areas have to be related to mass
contrast effects. Finally, a sponge-like mass distribution
is observed in bottom right image that is not visible in
previous samples.



MNC: control

MN4: low treated

Approx. 40% sweetness increased
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MN10: medium treated MN14: high treated

Approx. 60% sweetness increased

Approx. 50% sweetness reduced

MNC: control
Natural taste

MN4: low treated

Approx. 40% sweetness increased

Spectrum: Spectrum 455-MNC

Spectrum: Spectrum 458-MN4

Element Series Net unn. C norm. C Atom. C Error (3 Sigma) Element Series NHet unn. C norm. C Atom. C Error (3 Sigma)

[Wt.%] [wt.%] [at.%] [Wt.%] [wt.%] [wt.%] [at.%] [wt.%]
Oxygen K-series 30331 3.59 3.59 z.78 0.40 Oxygen K-series 3€1%4 14.37 14.37 13.77 1.38
Carbon K-series 113161 93.388 83.33 S96.64 8.57 Carbon K-series 20457 56.87 5&.37 T2.60 5.33
Phosphorus K-series 2205 0.15 0.15 0.08 0.09 Phosphorus E-series €2247 14.35 14,35 7.10 1.38
Sulfur K-series 4244 0.28 0.28 0.11 0.10 Copper E-series 14703 5.21 5.21 1.26 0.56
Copper K-series 19011 2.01 2.01 .39 0.26 Calcium K-geriesz 892& 2.12 2.12 0.81 .28
Calcium K-series 1185 0.08 0.08 0.03 0.08 Magnesium K-series 32221 7.08 T.08 4.48 0.72

Total: 100.00 100.00 100.00 Total: 100.00 100.00 100.00

Spectrum: Spectrum 457-MN10

Spectrum: Spectrum 453-MN14

Element Series Net unn. C norm. C Atom. C Error (3 Sigma) Element Series Het unn. C norm. C Atom. C Error (3 Sigma)
[Wt.%] [wt.%] [at.%] [Wt.%] [wt.%] [wt.%] [at.%] [wt.%]

Carbon E-series 125442 4.23 54.23 87.01 8.58 Carbon K-series 43868 77.83 77.83 9.82 T.1€
Oxygen K-series 29342 3.20 3.20 2.47 0.37 Oxygen K-series 28455 &.47 &.47 5.59 .87
Phosphorus K-series 851 0.05 0.05 0.02 0.08 Phosphorus K-series 845 0.11 0.11 0.05 0.08
Calcium E-series 539 0.03 0.03 2.01 0.08 Sulfur E-series 564 0.07 Q.07 0.03 2.0%
Copper K-series 25958 2.48 2.48 0.48 0.30 Calcium K-series 76680 10.45 10.45 3.61 1.02
Copper K-series 2493& 5.08 5.08 1.10 0.54

Total: 100.00 100.00 100.00
Total: 100.00 100.00 100.00
MN10: medium treated MN14: high treated
Approx. 60% sweetness increased Approx. 50% sweetness reduced
To summarize, with respect to the control significantly the sample morphology and matrix

sample, 4 spraying affected the sample with minor
changes of morphology and matrix structure.
Conversely, both 10 and 14 sprayings affected

structure, with differences mainly in the type of particles
observed: semi-spherical individual nanoparticles and
submicrometer particles are observed as main
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components of the control and 4 sprayed samples,
while ellipsoidal nanoparticles grouped in large clusters

Supplementary text

13: Detailed 1H-NMR interpretation

Control

8 0.50-2.70). This is due to Aliphatic group.

8 1.068-1.103.This is due to-p hydroxybutyrate GROUP.

8 2.508 This is due to DMSO-d6.
d 3.372.This is due to H20 peak.

and above-micrometer mass aggregates are observed

in the 10 and 14 sprayed samples.

6 2.70-3.90.This is due to sugar ring and residual water proton.

& 3.90-6.00This is due to sugar ring -OH and —NH protons.

8 5.12-5.96.This is due to CARBOHYDRAT anomeric proton.

4 sprayed
8 0.50-2.70). This is due to Aliphatic group.

& 1.068-1.103.This is due to-p hydroxybutyrate GROUP.(Intensity is very less in comparision to control)

& 2.508 This is due to DMSO-d6.
& 3.372.This is due to H20 peak.

& 2.70-3.90.This is due to sugar ring and residual water proton.
& 3.90-6.00This is due to sugar ring —OH and —NH protons.(This is absent in this sample)
8 5.12-5.96.This is due to CARBOHYDRAT anomeric proton.(This peak is absent )

10 sprayed

& 0.50-2.70). This is due to Aliphatic group.

& 1.068-1.103.This is due to-f hydroxybutyrate GROUP.
5 2.508 This is due to DMSO-d6.

& 3.372.Thisis due to H20 peak.

& 2.70-3.90.This is due to sugar ring and residual water proton.

& 3.90-6.00This is due to sugar ring -OH and —-NH protons.

8 5.12-5.96.This is due to CARBOHYDRAT anomeric proton.

14 sprayed

& 0.50-2.70). This is due to Aliphatic group.

& 1.068-1.103.This is due to-f hydroxybutyrate GROUP.
& 2.508 This is due to DMSO-d6.

& 3.372.Thisis due to H20 peak.

& 2.70-3.90.This is due to sugar ring and residual water proton.

& 3.90-6.00This is due to sugar ring -OH and —NH protons.

8 5.12-5.96.This is due to CARBOHYDRAT anomeric proton.

Supplementary text

T4: Detailed discussion
1. Detailed discussion [1]

1.1.  Invention background

The four observable states of matter (solid,
liquid, gas, and plasma) are composed of
intermolecular and intramolecular bonds. The inherent
characteristics of neutrons, protons and electrons are
unique, however, differences in their numbers are what
constitute different atoms, and how these atoms bind
together develops into different molecules with unique
characteristics. In the electromagnetic wave (EMW)
spectrum, the mid-IR region is vital and interesting for
many applications since this region coincides with the
internal vibration of most molecules [2]. Almost all
thermal radiation on the surface of the Earth lies in the
mid-IR region, indeed, 66% of the Sun’s energy we
receive is infrared [3] and is absorbed and radiated by
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all particles on the Earth. At the molecular level, the
interaction of mid-IR wavelength energy elicits rotational
and vibrational modes (from about 4500-500 cm™,
roughly 2.2 to 20 microns) through a change in the
dipole movement, leading to chemical bond alterations
[4].

During our research we have observed: (A) In all
objects, even though atoms always remain as atoms,
their chemical bond parameters are continuously prone
to alteration by cosmic and physical energies (e.g.:
EMW, heat, pressure, and humidity) causing the bonds
to compress/stretch/bend [5-8], break [9,10], or new
bonds to be formed [11]. These alterations ultimately
lead to changes in the physicochemical characteristics
of the objects. (B) The dynamic, constant, and mutual
influences of EMW among the Earth and the celestial
and living bodies are continuously causing alterations in
the inherent physiochemical characters of earthly
objects, for instance, enhancement due to an optimum



dose of energy or decrease/destruction due to a high
dose of energy (detailed below). Thus, based on these
concepts, MIRGA was developed to alter the bond
parameters, thereby  potentiating the  natural
characteristics of products.

1.2.  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’.

1.3.  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, which can move as free particles.
The solution exhibits very little detectable background
frequency, below even that of cosmic events. By
comparison humans emit more radioactivity (around 10
microns) [12,13]. We designed MIRGA to generate
energy based on various processes such as: (A)
spraying leads to ionization (electrons getting separated
from atoms) and many pathways for electron re-
absorption; due to these two oscillatory processes,
energy is generated; (B) while spraying, a water-based
ionic solution gets excited/charged, which in turn leads
to oscillation among the imbalanced ions [14] in their
excited state, resulting in the emission of photons
[15,16]; (C) although a low electromagnetic field exists
between the charged particles of the MIRGA's ionic
solution, during spraying the induced oscillation
between these charged particles produces energy [17-
21]; and (D) in the natural rainfall process, more energy
is required to break the water bonds for creating smaller
water droplets [22]. Therefore, these droplets should
have more stored energy, which then travels down at
velocity from a specific distance, thus gaining kinetic
energy. When the rain hits the Earth’s surface, it forms a
very thin film of mid-IR (nearly 6 micron), hence there is
a net heat gain [22,23]. We simulated this rainfall's
energy-gaining process in MIRGA(i.e., when imbalanced
ions in liquid media are atomized, the ejected smaller
droplets should have higher internal energy as well as
acquired kinetic energy, and the energy emitted by
breaking the surface tension). From trial and error, we
calibrated the ejection pressure to obtain a desired fine
mist, and minimized the evaporation rate by altering the
pH and density of the solution. Moreover, the
accelerated ions in the sprayed ionic clouds collide
among themselves and generate energy [24], thus, we
incorporated these phenomena in our atomizer and
designed it in such a way as to emit energy in the 2-6
um mid-IR depending on the given plunger pressure.

Yousif et al. [25] described this process as a
photo dissociation of molecules caused by the
absorption of photons from sunlight, including those of

infrared radiation, visible light, and ultraviolet light,
leading to changes in the molecular structure.

1.4. Safety of MIRGA-sprayed products

In our nearly two-decades of research, we have
observed that MIRGA-induced bond-altered target
substances do not show any adverse reaction upon
consumption/use. In nature, (A) Stereochemical
configuration has great influence on taste [26] (e.g.,
varieties of mango, grapes, rice, etc.), (B) Cooking and
digestive enzymes break chemical bonds, thereby
softening foods. This indicates that alterations in
chemical bonds occur naturally and do not represent a
risk to human health. As an example, boiledrice, puffed
rice, flat rice, and rice flour have a unique aroma, taste,
texture, and shelf-life but conserving the same molecular
formula (C¢H;0Os). (C) In the food industry, sensory
attributes and shelf-life are enhanced by altering the
food’s chemical bonds using various irradiation
processes like radappertization, radicidation, and
radurization [27]. (D) Uponheating, water changes from
ice to liquid to steam, which are manifestations of
changes in the hydrogen bonds [28] but the chemical
composition (H,O) remains the same [29].

1.5, MIRGA’s primeval and future scope

The water-based MIRGA could be the first novel
potentiating technology. This type of atomizer
technology also seems to be present with the extra-
terrestrials for their therapeutic use during visitations
[30].

In various products, we have achieved a range
from 30% to 173% potentiation. Even the smaller
improvement resulted in 30% monetary and resource
savings as well as health benefits. However, there is a
knowledge gap between potentiation from 30% to at
least 100% for all products, which can be filled-up by
refining MIRGA'’s ionic solution, concentration, atomizer
pressure, and other parameters and even formulating a
better solution.

Various mid-IR emitters are now available (e.g.,
silicon photonic devices [31], cascade lasers quantum
and interband [32], non-cascade-based lasers,
chalcogenide fiber-based photonic devices [33], and
suspended-core tellurium-based chalcogenide fiber
photonic devices [34]). These emitters are not as cost-
effective as MIRGA and are useful only in astronomy,
military, medicine, industry, and research applications.
These emitters are too complex for domestic application
by the average user.

Because of MIRGA’'s wide range of
applications, we believe that this technique will resonate
in  many scientific fields including biophotonics,
therapeutics, health, ecology, and others. We are
currently conducting research on MIRGA and its
applications, namely MIRGA salt, MIRGA vapor and
MIRGA plasma.
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