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Abstract: In this investigation, theoretical infrared spectroscopy has been applied to distinguish the
functional group of the compounds to calculate their physical and chemical properties for approving
frequency and intensity of absorbance in six water-soluble anthocyanins, including Cyanidin (Cya),
Pelargonidin (Pel), Peonidin (Peo), Delphinidin (Del), Malvidin (Mal) and Petunidin (Pet) in vacuum
and water media with a variety of pH. As Anthocyanins are more stable at low pH acidic conditions
meanwhile, the higher amount of pH among anthocyanins will indicate a colorless medium. In this
work, it has been illustrated the electronic structure of anthocyanin pigments that changes due to the
solvent dielectric effect of polar H,O molecules. Most anthocyanins in nature have been derived from
six anthocyanidin aglycones of flavylium chain with various glycosylations and acylations consisting
of Cyanidin, Pelargonidin, Peonidin, Delphinidin, Malvidin, and Petunidin. In this work, it has been
studied the information available concerning the electronic structure thermodynamic properties of these
anthocyanin pigments in vacuum and water media at 300K toward approving their stability and color.
Different water-soluble anthocyanins absorb the light and produce red, blue, and purple colors in
vegetables and fruits.
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1. Introduction

The cherry tree belongs to the Rosaceae family, including peaches, apricots, and plums.
This tree is native to the Caspian region, the Black Sea, and northeastern Anatolia and has
spread across the world [1,2]. The two most consumed species are wild or sweet cherries and
sour cherries or sour cherries.

The main characteristics linked to the quality of the cherry are its color, sweetness,
acidity, and firmness. The pigments responsible for the color of the cherry are anthocyanins.
Their content varies depending on the cultivar, which gives them colors ranging from yellow
to dark red. The cherry's sweetness is believed to be due to its fructose and glucose content,
followed by arabinose and sorbitol. Its acidity could be explained by the presence of organic
acids, mainly malic acid, followed by ascorbic, tartaric, and shikimic acid. In sour cherries or
sour cherries, fructose is the predominant sugar, glucose, sorbitol, and sucrose. The
polysaccharide composition of the cherry cell wall could have an important influence on the
firmness of the fruit [3-5].

Thirty-one volatile compounds have been isolated from seven Spanish cultivars,
including acids, alcohols, and aldehydes. The six compounds responsible for the aroma of the
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cherry would be benzaldehyde, benzyl alcohol, eugenol, nonanal, trans-2-hexenal, and isoamy|
butyrate [5, 6].

Cherries contain carotenoids, more specifically -carotene and lutein and, to a lesser
extent, zeaxanthin. Cherries (sweet or sour) contain an interesting amount of polyphenols
(Phenol Explorer). Among them, anthocyanins have multiple properties: antioxidant and anti-
inflammatory properties that promote recovery after exercise and lower blood pressure; they
could also decrease the blood concentrations of biomarkers linked to the degradation of skeletal
muscles and reduce the risks of cardio-metabolic diseases (hypertension and dyslipidemia);
they could reduce the risk of several degenerative diseases, such as cancer and heart disease.
The consumption of cherries is even associated with a reduction in arthritis and pain associated
with gout with methanol; they would have anticancer powers, particularly on prostate cancer,
by stimulating apoptosis of cancer cells [6, 7].

Anthocyanins are mostly 3-glucosides of anthocyanidins. Anthocyanins are subdivided
into sugar-free anthocyanidins aglycones and anthocyanins glycosides. The difference in
chemical structure that occurs in response to changes in pH is why anthocyanins are often used
as pH indicators, as they change from red in acids to blue in bases through a process called
halochromism [8,9].

It is believed that anthocyanins are subject to physicochemical degradation in vivo and
in vitro. The structure, pH, temperature, light, oxygen, metal ions, intramolecular association,
and intermolecular association with other compounds (copigments, sugars, proteins,
degradation products, etc.) are generally known to affect the color and stability of
anthocyanins.The B-ring hydroxylation state and pH have been shown to be involved in the
degradation of anthocyanins to their phenolic acid and aldehyde constituents. Indeed, large
portions of ingested anthocyanins are liable to degrade into phenolic acids and aldehyde in
vivo, after consumption. This characteristic confuses the scientific isolation of the specific
mechanisms of anthocyanin in vivo [10].

Anthocyanins are secondary metabolites of plants generally located in vacuoles. Their
bright color attracts insects and birds, which play a major role in pollinating flowers and
dispersing seeds. The main physiological roles attributed to them in the plant are, among others,
the absorption of harmful radiations for chlorophyll b, the transport of monosaccharides, the
regulation of osmotic pressure during periods of drought and cold, or the regulation of the
antioxidative response of plants subjected to stress factors [10,11].

They are particularly studied for their notorious stability problem, the positive effect of
their consumption on health, and their potential as a natural food coloring. These are the areas
that will be addressed in the following literature review to review the use of fruits and
vegetables rich in anthocyanins as sources of food coloring.

Anthocyanidins, polyhydroxy derivatives of the flavylium ion (2-
phenylbenzopyrylium), are differentiated by the number and location of hydroxyl and
methoxyl groups. Although 31 anthocyanidins have been identified, 90% of anthocyanins are
derived from 6 anthocyanidins of Cyanidin, Delphinidin, Malvidin, Pelargonidin, Peonidin,
and Petunidin. Many combinations are thus possible, and nearly 600 compounds have been
identified. The color of anthocyanins is the most notable characteristic is the change of color
which accompanies the variations of pH of their medium. As the pH increases, structural
changes resulting from hydration and proton transfer reactions cause changes in structure and
color. As a result, several resonant shapes and structures can coexist in a complex medium for
the same type of anthocyanin. This is explained by conjugating all the = bonds of the A and C
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rings. These color changes lead to the limitation of their use as a red food coloring to foodstuffs
having a pH lower than 5; in addition, they are particularly sensitive to the treatments that these
foodstuffs could subsequently undergo [11,12].

Under certain pH and temperature conditions, anthocyanins degrade in the presence of
oxygen, metal ions, enzymes, and light. This degradation is accompanied by an increase in the
concentration of compounds formed by the condensation between the degradation products of
anthocyanins and other polyphenols present in the medium. This results in the formation of
polymers that become larger and tend to precipitate over time. The medium's acidity affects
the color and the reactivity of anthocyanins. The increase in pH causes the C-ring to open by
nucleophilic attack giving the hemiacetal form whose reactivity is greater than that of the
flavylium ion. In a strongly acidic medium (pH <2), anthocyanins show good stability with
respect to temperature and oxygen. On the other hand, their degradation accelerates when the
pH increases under the same temperature and aeration conditions. In addition to color,
differences in structure result in different reactivity in anthocyanins, resulting in greater
stability generally observed in more complex anthocyanins. Substitutions affect the stability of
anthocyanins mainly through a phenomenon called copigmentation. It occurs when the
substituents of an acylated anthocyanin or molecules present in the medium help produce a
protective hydrophobic environment around the flavylium nucleus. This effect becomes
significant only when there is an overabundance of protective molecules compared to
anthocyanin molecules [12].

2. Materials and Methods

The theoretical methods to obtain models that can predict and understand molecular
structures, properties, and interactions of anthocyanins are used in this study. This makes it
possible to provide information that is not available from experience and therefore plays a role
complementary to experimental chemistry. Thus, molecular modeling can make it
anthocyanins possible to get a precise idea of the structure of the transition state for a given
reaction. Anthocyanins are heat-labile and degrade at a rate that increases considerably with
temperature. They are, however, relatively stable for temperatures below 70°C. Thermo
degradation at 95°C and pH = 1 begins after 4 h with deglycosylation followed by cleavage,
leading to the release of anthocyanidin's A and B rings. Storage of anthocyanins at low
temperatures allows very good preservation of their color. The presence of oxygen causes the
degradation of anthocyanins by a mechanism that may be chemical oxidation or an enzymatic
reaction in the presence of polyphenol oxidase. PPO is an endogenous enzyme responsible for
the browning phenomenon of fruits. It oxidizes polyphenols to quinones, which combine with
anthocyanins to form brown compounds according to the mechanism shown. Heat treatment at
50 ° C significantly reduces the effect of this enzyme [13-15]. In this investigation, the DFT
calculations were also carried out using the GAUSSIANO9 with the functional B3LYP on 6
anthocyanins' families [16].

The city of Oshnavieh in the province of West Azerbaijan with 300 hectares of cherry
orchards is known as the cherry capital of the country. Cherry harvest begins in the first days
of July and continues until the second half of this month. More than 1,500 tons of cherries are
expected to be harvested this year. More than 90% of this product enters the domestic and
foreign markets as fresh food. In the harvest season of this product, more than 5,000 people are
directly and indirectly employed (Scheme 1a). Classified among flavonoids, anthocyanins are
characterized by the C6-C3-C6 backbone (Scheme 1b). These are glucosides formed from the
https://nanobioletters.com/ 30of 16
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combination of an aglycone called anthocyanidin and a sugar substituted in position 3. These
sugars, which are of the mono-, di- or tri-saccharide type can be acylated by aliphatic acids or
aromatic [17-20].

(@

H20 molecules

Schemel. (a) Cherry of Oshnavieh garden in Iran; (b) Schematic of anthocyanin molecule (solute); (c)
Solvation optimized model of anthocyanins' family in water molecules (solvent) at 300K.

Most chemical reactions, and almost all biochemical reactions, occur in solution. The
effects of the solvent on the chemical reactivity of the species are not negligible. Therefore, it
is necessary to do the optimized geometry, charge electron transfer, and thermodynamic
properties of 6 anthocyanidins of Cyanidin, Delphinidin, Malvidin, Pelargonidin, Peonidin, and
Petunidin in the water environment. The optimized geometry, charge electron transfer, and
thermodynamic properties of 6 anthocyanidins of Cyanidin, Delphinidin, Malvidin,
Pelargonidin, Peonidin, and Petunidin in vacuum and water media at 300K have been measured
and compared with each other by different concentrations of H* in a simulated solvent model
of H20 molecules (Scheme 1a-c).

The method used to implement such a model is called SCRF (for self-consistent
reaction field). The expression of the electronic wave function and that of the probability
density solute electronics change when going into solution. This helps ensure self-consistency
between the solute's charge distribution and the solvent's reaction field (the field generated by
the solvent polarized around the solute). The Schrédinger equation is solved for an equal total
Hamiltonian :

A + Vit (1)

Several models are used in SCRF. They differ according to two main criteria: part,

depending on the shape and size of the cavity containing the solute; and secondly, in the way
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Ve is calculated. Not all models will be included in this section; only those necessary to
understand this work are presented [21-26].

The Onsager model is the simplest. The cavity containing the solvent is considered to
be a sphere. The interaction potential, V;,,., is calculated by describing the charge distribution
of the solute by an electric dipole located in the center of the cavity. An improvement of the
Onsager model considers the ellipsoidal shaped cavity and models the charge distribution of
solute by the multipolar expression [27-30].

The PCM model (polarizable continuum model) describes more precisely the solvent
effects than the Onsager model. It more realistically models the shape of the cavity. In the PCM
model, each atomic nucleus of solute is surrounded by a sphere whose radius is equal to 1.2
times. The cavity is the region whose volume is delimited by the entanglement of these spheres.
The value of V;,,, is determined by means of an analytical method. Electrostatic potential
produced by the polarized dielectric medium is equal to the potential produced by an apparent
load. It is a load continuously distributed on the surface of the cavity and characterized by a
surface charge density that varies from point to point on the surface. According to Onsager's
theory, a dielectric cannot spontaneously polarize under the sole influence of the classical
dipole-dipole interaction. Onsager method only leads to a lowering of the Curie point, the
importance of which we can moreover assess. This conclusion is important to the subject of
Ferroelectricity, which is often attributed to the dipolar interaction. In addition, it could explain
that the 4nt/ 3 catastrophe did not manifest itself in certain crystals where it was expected to be
observed. For this reason, Onsager has built a theory where correlations play an essential role

and moreover overestimated. The resulting equation [31-36]:
(e-D(2e+1) _ 4-71'NM—2 @)
£ kT

However, the small temperature admits a positive solution. We thought we could
deduce from this that the Onsager method necessarily ruled out any possibility of spontaneous
polarization under the influence of the classical interaction between dipoles.

The mutual interaction between classical, electric, or magnetic is likely to cause the
polarization of a crystal. An affirmative answer is indeed provided by Debye's theory of
dielectrics, a theory formally identical to Weiss theory of ferromagnetism, but in which the
molecular field is given by the Lorentz-Lorenz formula [37- 41]:

F=1{P 3)
F=E+=TP (4)

The Lorentz factor / having the value 4n/3 in the case of networks cubic, but such a
theory neglects the influence of the structure crystalline, except for the evaluation of statistical
correlations between the orientations of the neighboring dipoles: only the mean value of the
polarization is involved in the calculation of the total energy of the crystal

It follows, first of all, from this approximation that the minimum energy state would
correspond to the maximum polarization state, where all the dipoles are parallel. This
conclusion is certainly incorrect in the case of the simple cubic lattice, where we have found
zero polarization states whose energy is lower than that of the maximum polarization state.
However, it does seem that this circumstance no longer occurs in networks where the number
of immediate neighbors is higher, for example, in cubic networks with body-centered and faces
centered [42-47].

Things are no longer so simple if we admit a priori that the dielectric is spontaneously
polarized. If the polarization is not more proportional to the field, we would have to solve a
https://nanobioletters.com/ 5 of 16
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non-linear problem very difficult. However, if the temperature is low enough, we can assume
that the dielectric is very strongly polarized so that the polarization is, as a first approximation,

a linear function of E [47, 48]:

P(T) =Py (D) +(52) _-E 5)

We immediately see that Onsager's reasoning remains because it requires only the
linearity of the relation uniting P h E; simple proportionality is by no means necessary [48,49].
Thus, we will have to consider a fictitious dielectric whose susceptibility and dielectric constant
are:

ap
X = o (6)
e=1+4nx (7)

For obtaining the potential VV which corresponds to the cavity field, it suffices to solve
the Laplace equation AV = 0 with the condition: V(r; — 0,68) = V(r, + 0,0) (8)

3. Results and Discussion

Anthocyanins are naturally present in many foods eaten regularly, especially red fruits.
The moderately consumed amounts vary depending on the country and eating habits. They are
studied for the positive effects of their consumption on health. These effects are generally
attributed to their antioxidant power, which would allow them to protect tissues against damage
caused by free radicals. They can thus have a preventive effect by reducing the damage that the
accumulation of free radicals could cause. Their consumption is associated with improving
visual acuity; they are recognized as having anticarcinogenic and anti-inflammatory properties
and the ability to reduce the risks of being affected by cardiovascular diseases [50].

In this investigation, the pigments of Cyanidin (Cya), Delphinidin (Del),
Malvidin(Mal), Pelargonidin (Pel), Peonidin (Peo), and Petunidin(Pet) have been calculated
using theoretical methods to evaluate the dielectric solvent effect on the stability of these
anthocyanins in vacuum and water media at 300 K (Scheme 1a-c).

In this investigation, we showed that the central quantity of a system in thermodynamic
equilibrium is its canonical partition function which function belongs to a single harmonic
oscillator can be calculated analytically. So, we generalize any harmonic system for the
energies of the stationary states. This greatly facilitates the calculation of thermodynamic
functions. You just need to know the density of states. We have calculated the internal energy
and vibrational calculation of the system with its eigenvector for finding thermodynamic
parameters and physical properties of anthocyanins including AG,AH, AS InK, Electronic
Energy, and Core-Core Interaction have been calculated by Gaussian09 in vacuum and water
media at 300K [16] (Tablel and Figurela,b). These results show how the density of states plays
a central role in calculating macroscopic thermodynamic quantities.

Table 1. Thermodynamic properties of anthocyanins of Cya, Del, Mal, Pel, Peo, Pet in vacuum and water media

at 300K.

AG AH AS %1072 Eelectronic Ecore-core InK
Pigment (kcal/mol) (kcal/mol) (kcal/K.mol) (kcal/mol) | (kcal/mol) | x10

Cya 3.07
(vacuum) -9.20x10° -9.15x10! -5.50%x10° 4.8x10° 1.54
Cya (water ) -2.85x10° -1.54x10° 9.44 -2.80x10° 2.51x108 2.85
Del(vacuum) -9.94x10% -1.34x10? 3.31 -6.02x10° 5.02x10° 1.66
Del(water ) -2.92x10° -1.57x10° 9.69 -2.89x106 2.60x108 4.90
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AG AH AS xlo_z Eelectronic Ecore-core InK
Pigment (kcal/mol) (kcal/mol) (kcal/K.mol) (kcal/mol) | (kcal/mol) | x107
Mal(vacuum) -1.06x10° -1.05x10? 3.55 -7.05x10° 5.98x10° 1.78
Mal(water ) -2.11x10° -9.07x10? 7.00 -1.86x10° 1.65x108 3.54
Pel(vacuum) -8.46x10* -5.18x10! 2.82 -5.01x10° 4.16x10° 1.42
Pel(water ) -2.45x10° -1.26x10° 8.14 -2.25x108 2.01x108 1.37
Peo(vacuum) -9.56x10* -7.74x10% 3.18 -5.98x10° 5.03x10° 1.60
Peo(water ) -2.72x10° -1.42x10° 9.03 -2.61x108 2.33x108 4.56
Pet(vacuum) -1.03x10° -1.20x10? 3.43 -6.53x10° 5.50x10° 1.72
Pet(water) -2.80x10° -1.47x10° 9.28 -2.75%x10°% 2.47x108 4.69
6 la) -120000 T rh\' T
54 Dielir) Peol{wPet(w) -1 ;,:,.:,.:,,:,u ) 17 7
L - +Al R*=0%799
‘-é' Mal(w) 170000
| 1000
g e Pal(Reli) p wet(v) Eﬁg
4 - -210000
0 0 5 anthocyanigs 15 230000
-230000

anthocyanidine-cation

Figurel. (a) The calculated equilibrium constant (K) of anthocyanin pigments of Cya, Del, Mal, Pel, Peo, Pet in
vacuum and water at 300K. (b) Changes of Gibbs free energy (AG, kcal/mol) of [ACN- Mg?*/AI**/Ga%*/
Sn?*/Cr¥*/Fe®*] chelation water at 330K.

It is interesting to extract as much information as possible without resorting to explicit
calculations. Such information is extracted from the symmetry properties of the system:
symmetry establishes relations between the constants of force and thus reduces the degrees of
freedom of the dynamic matrix. The forces between two sets of atoms that are images of each
other under an operation of symmetry are identical.

The difference between these subclasses is revealed of double bonds and carbonyl
groups in the C ring in vacuum and water media that approves the stability and color of
anthocyanins pigments in a weak acidic condition (Figurela,b). The slope of the straight differs
from compound to compound. To explain this behavior, remember that the free energy of a
molecule is given by the difference between its enthalpy and the product of its entropy by
temperature according to:

G=H-TS 9)

Let us study the behavior of AG when the temperature varies. The value of AH depends

on the temperature. Indeed :
H=E, + k, T (10)
and E;,; depends on the temperature through its contributions translational (E;,4ns ) rotational

(Eyot ), and vibrational (E,;;, ), which are functions of the temperature. The value of AS

depends on the temperature. Indeed:

S = Strans T Setec T Srot + Svip (11)
where Strans » Setec » Srot » Svip depend respectively on translational contributions, electronic,
rotational, and vibrational to the function of total partition of the system, q,,.. The latter is also
a function of temperature (and pressure). Note S,,;;, also depends directly from the temperature

through the term T (a;%

the molecules considered, the values of H and S of a molecule vary slightly when the
temperature increases (Figurela,b).

) [50-52]. It appears that for the domain of temperature studied and for
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Absorbance (A), the proportion of light absorbed by a solution at a certain wavelength,
was calculated for six anthocyanins pigments of Cya, Del, Mal, Pel, Peo, Pet in a water medium
(Table 2). The color of a solution is related to its absorbance, a quantity that can be measured
using a spectrophotometer. We measure the absorbance A of a solution at different
wavelengths. Thus, the absorption spectrum is obtained:

A=f() (12)
The absorbance of a solution is proportional to its concentration:
A =exIxC (13)

Table 2. Calculated absorbance (A), frequency, and dipole of anthocyanin pigments of Cya, Del, Mal, Pel, Peo,
and Pet in different pH.

Cya
Frequency Dipole
pH A (2/cm) (Debyes)
0.84 1.96 3518.59 5.47
0.95 1.95 3518.59 5.46
1.11 0.25 3602.86 4.15
1.28 0.79 3617.99 2.40
1.48 1.66 3644.25 8.68
1.60 1.50 3657.02 4.44
Del
Frequency dipole
pH A (2/cm) (Debyes)
0.84 1.71 3647.81 8.89
0.95 1.70 3647.81 8.88
111 1.66 3646.86 9.06
1.28 1.68 3647.42 9.07
1.48 1.59 3650.29 8.49
1.60 1.62 3682.85 11.93
Mal
Frequency Dipole
pH A (2/em) (Debyes)
0.84 2.10 3521.74 6.70
0.95 1.49 3521.74 6.69
111 0.66 3613.85 9.92
1.28 0.66 3613.87 9.87
1.48 0.03 3662.21 5.52
Pel
Frequency dipole
pH A (2/cm) (Debyes)
0.84 2.09 3522.11 4.36
0.95 2.08 3522.11 4.35
111 2.07 3522.11 4.36
1.28 1.50 3649.06 4.82
1.48 1.56 3656.27 7.94
1.60 1.71 3677.06 3.97
Peo
Frequency dipole
pH A (2/cm) (Debyes)
0.84 1.62 3520.51 521
0.95 1.61 3520.51 5.22
111 1.62 3520.51 5.21
1.28 0.39 3613.52 3.60
1.48 1.60 3651.11 11.08
1.60 1.64 3680.44 472
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Pet

Frequency dipole
pH A (1/cm) (Debyes)
0.84 1.83 3520.56 6.91
0.95 1.84 3520.56 6.92
111 1.83 3520.56 6.91
1.28 0.96 3625.44 5.44
1.48 1.49 3645.10 1.77
1.60 1.75 3669.67 6.23

Where A is the absorbance (without unit), € the molar extinction coefficient (in L.mol .cm™) and | the optical
path (in cm) and C is the concentration of the solution (mol/lit) so, it has been calculated the values of ¢ in Table
2 for pigments of Cya, Del, Mal, Pel, Peo, Pet in different pH.

By plotting the chart of absorbance (A) versus concentration of H, it has been gained
the high relation coefficients for Mal, Del, and Pel anthocyanins in water; see following first
order of linear equations with the best relation coefficient for Mal pigment (Figure 2a,b) and
compared to three other pigments of Cya, Peo, and Pet with low relation coefficients.

For colorless compounds, it is sometimes possible to manufacture colored complexes.
This law is only valid for low concentrations and, in general, for absorbance of less than 1.
However, this will depend on the solute studied and the quality of the spectrophotometer. In
all cases, to ensure that the law is verified in the chosen field of study, it suffices to plot the
absorbance as a function of the concentration. Beyond a certain concentration, linearity is no
longer obtained beyond a certain concentration. It is, therefore, necessary to make dilutions to
remain in the linear domain.

23 13
' C

N ) P

0.3

0 ’

0.05 o1 015

0
0.5 0 0.03 01 015
o= 176050 - 0,468 Ap,=0862c+ L5988 A, = 49776+ L4769 Ap =5.0188xc+ 0.9842 Ap, =13818x+ 12398 A, =3.3883c + L3677
e S eaeod R m 0 ™ R, 06451 Rig,, = 01125 Rep,, = 0.0479 Ry = 0203

Figure2. Changes of absorbance (A) versus concentration of H* (c) for anthocyanin pigments of (a) Mal, Del,
Pel with high relation coefficient and (b) Cya, Peo, Pet with low relation coefficient.

In the present project, the optimized models of anthocyanin pigments have been applied
to estimate the absorbance of indicated molecules toward exhibiting the stabilization and range
of color due to their electronic structures in vacuum and water media with different
concentrations of H*. So, the absorbance equation versus concentration has been accomplished
the best value of relation coefficient for Mal, Del, Pel colored pigments in contrast to the
relation coefficient for Cya, Peo, Pet colored pigments by fitting the values in table 2 (Figure
2a,b).

As it has been seen in Table 1, the physical properties of high Frequency and Dipole
moment of Cya, Del, Mal, Pel, Peo, and Pet were calculated in different weak acidic media by
infrared computational method (Figure 3a,b).
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Figure 3. Changes of Frequency (F) versus pH for anthocyanin pigments of (a) Cya, Mal, Del, and (b) Pel, Peo,

Pet.

Among the most common implicit solvation models, there is the PCM model. Since the
solvent used is water at basic pH, it is recommended to use the PCM model.

26 Cyanidin

Peonidin

Delphinidin

Petunidin

Figure 4. The 3D Isosuface schematics of calculated total spin density for different atoms in anthocyanins;
Cyanidin (O17), Delphinidin, Malvidin (O7), Pelargonidin (O17), Peonidin (O;), and Petunidin (Oy).

https://nanobioletters.com/

10 of 16


https://doi.org/10.33263/LIANBS122.039
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS122.039

However, the choice of one model has no significant impact on the free energies of the
species studied nor on the stability of the structures. However, this model has many limitations;
one of the most important is that they do not take into account the dynamic aspect of the effects
between the solute and the solvent. Despite this, these solvation methods can be used in order
to improve the energies and geometries of chemical species involved in reaction mechanisms.

Table 3. The atomic charge for Oxygen atoms in molecules of Cyanidin, Delphinidin, Malvidin, Pelargonidin,
Peonidin, and Petunidin in different media of vacuum and water.

Atom Cya (vacuum) | Cya (water)
010 -0.23 -0.26
017 -0.16 -0.17
024 -0.26 -0.24
025 -0.24 -0.24
026 -0.25 -0.24
027 -0.24 -0.25

Del (vacuum) Del (water)
09 -0.23 -0.24
016 -0.16 -0.16
023 -0.26 -0.26
024 -0.24 -0.23
025 -0.25 -0.22
026 -0.23 -0.24
032 -0.27 -0.27
Mal/(vacuum) | Mal/(water)
o7 -0.16 -0.15
017 -0.23 -0.24
018 -0.17 -0.17
024 -0.26 -0.24
025 -0.25 -0.24
026 -0.24 -0.21
035 -0.20 -0.19
Pel/(vacuum) Pel/(water)
010 -0.25 -0.26
017 -0.16 -0.16
024 -0.26 -0.25
025 -0.24 -0.24
026 -0.25 -0.24
Peo/(vacuum) Peo/(water)
o7 -0.16 -0.17
017 -0.23 -0.24
018 -0.17 -0.24
024 -0.26 -0.24
025 -0.25 -0.23
026 -0.24 -0.24
Pet/(vacuum) Pet/(water)
o7 -0.16 -0.16
017 -0.23 -0.24
018 -0.23 -0.24
021 -0.26 -0.25
022 -0.25 -0.22
023 -0.24 -0.23
032 -0.20 -0.20

The vibrational results accomplished of IR spectra have illustrated the normal mode of
the active parts of anthocyanin pigments of Cya, Del, Mal, Pel, Peo, and Pet in weak acidic
optimized media to approve the stability and color of these compounds. In addition, the

https://nanobioletters.com/ 11 of 16


https://doi.org/10.33263/LIANBS122.039
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS122.039

principal vibrational modes were considered based on the stability and color of different
anthocyanin pigments (Table 2 and Figure 3a,b).

Besides, in this work, the atomic charge of oxygen in six electrophilic structures of
anthocyanin pigments (Cya, Del, Mal, Pel, Peo, and Pet) has been extracted as the active parts
of the molecules which are responsible for the electron charge transfer toward generating a
range of various colored and water-soluble anthocyanins in water compared to vacuum medium
(Figure 4 and Table 3).

(a) '
o : : : @%
] . p | 012 - ; :
014 A 2
017 ——cya (vaccum) 014 7 O16 del...
-0.16 1 ——ucya (water) -0.16 - ——del (water)
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Figure 5. Comparison of atomic charge for oxygen atoms in molecules of (a) Cya (b) Mal (c) Pel and (a") Del
(b") Peo (c") Pet in vacuum and water media.

So far, we have validated the choice of the functional, the base, and the model of
solvation employees. The calculations were all carried out under normal temperature
conditions at 300K. However, the conditions of microfluidic synthesis are more extreme. It is
necessary to consider this when calculating because the Gibbs free energy of a system is
influenced by temperature. Therefore, it is judicious to establish the profile of respective
energies of the studied species as a function of temperature.

In Figure5(a-c, a’-c’), it has been plotted the fluctuation of atomic charge of oxygen
atoms based on optimized molecules (Figure4) and data in table 3 of the electrophilic groups
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of Cya, Del, Mal, Pel, Peo, and Pet in vacuum in comparison to water ,a polar medium, with
high dielecrtic constant (=80) which conduct us to explore the stability and color of these
structures in the natural products of vegetables and fruits.

The perspective of Figure 5 suggests that the different data observed in Cya, Del, Mal,
Pel, Peo, and Pet are fundamentally linked to the situation of active parts of oxygen atoms in
these molecules which pass the electron charge in aromatic cyclic chains due to water polar
molecules (Figure 6a,b).

(a) (b)
-01 -0l : .
2 4 3] ) ) 4 &
= | 07 i
- -0u15 Ol& del o7 o 013 1
z po
= =
= =
o o 4
-H L o 0.2
g g
= =
025 - ® 0325
atom
03 atom 03

Figure 6. Fluctuation of the atomic electron charge for Oxygen atoms in anthocyanins of (a) Del, Peo, Pet, and
(b) Cya, Mal, Pel in water at 300K.

4. Conclusions

The raw materials described above nevertheless have the potential to be used as a source
of dyes. They have hues to cover the range of colors, from the bright red of black strawberry
cherry to the dark red of red cabbage. In addition, recent advances in formulation open up good
prospects for all fruits and vegetables with high concentrations of anthocyanins.

Modeling and simulation methods on pigments of Cya, Del, Mal, Pel, Peo, Pet describes
the absorbance parameter in vacuum and water media and then unravel the stabilization energy
and geometry which have been affected by the infrared theoretical method through the
evaluation of the thermodynamic properties and the electronic structural of identified
compounds.

The data have shown that such extrapolation schemes significantly overestimate the
anthocyanin pigments by sharp parts of electrophilic molecules in weakly acidic media with
different concentrations of H*, which are the most active particles at the applied compounds in
this project toward a large range of research due to building up the health-promoting.
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