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Abstract: This investigation analyzes the effects of light and genotype on the biosynthesis of 

anthocyanins. The applied plant material, including dye grape varieties, accumulates anthocyanins in 

the skin and the pulp and hybrid populations. Anthocyanins are secondary plant metabolites with the 

response of most of the red to purple pigmentation existing in fruits, vegetables, and flowers. During 

grape berry development, these compounds are accumulated from maturation until ripening and are 

responsible for pigmentation found in red skin berries. Several cations linked to anthocyanins in H2O 

molecules have been investigated for studying the color difference of various compounds in the low 

limitations of pH value. In this accomplishment, cations attached to  Mal, Peo, Del, Pet, and Cya in 

water has been simulated, converting flavylium cations to the blue quinonoidal bases at a lower amount 

of pH using the IR approach by installing the beer-lambert law for getting the physicochemical 

properties of absorbance, intensity and of the structures. The changes of enthalpy between complexes 

of anthocyanins-cations have been discussed due to carbonyl groups and double bonds by the (B)-ring 

chelated of cyanidin, delphinidin, and petunidin anthocyanins in different media of gas and water which 

illustrates the stability and color of anthocyanin-cations chelated to Mal, Peo, Del, Pet, and Cya colorful 

pigments in a weakly acidic medium.  
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1. Introduction 

Numerous studies [1,2] have shown positive effects linked to human health of phenolic 

compounds extracted from the skins and seeds of grapes and winemaking by-products such as 

pomace. In addition to their antioxidant properties, phenolic compounds also exhibit anti-

inflammatory, anticarcinogenic and neuroprotective activities [3-10]. In addition, effects on 

improving the cardiovascular system and decreased hypertension, a positive effect on oral 

health, and decreased wound healing time have been shown. These beneficial effects on human 

health are generally associated with condensed tannins, anthocyanins, and stilbenes [11-17]. 

The term anthocyanin, derived from the Greek words: flower and blue (anthos = flower, 

kianos = blue), was coined by Marquart in 1835 to refer to the blue pigments of flowers. It was 

noted later that in addition to the color blue, anthocyanins are also responsible for the colors 

purple, violet, magenta, and almost all shades of red that appear on flowers, fruits, leaves, 

stems, and roots. Anthocyanins are part of the flavonoid family and absorb visible light. 

Anthocyanins and their derivatives are among the most important pigment families in black 

grapes. The anthocyanin molecule contains a flavylium nucleus, possessing positively charged 
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oxygen. Due to the existence of conjugated double bonds, the charge is de facto delocalized 

over the entire cycle, which is stabilized by resonance [18]. On the one hand, Anthocyanins are 

differentiated by their degree of hydroxylation and methylation, and on the other hand, by the 

nature of the oses bound to the molecule. Anthocyanidin is the chromophore group of the 

pigment. In heterosidic form (anthocyanins), these molecules are much more stable than in 

their aglycon form (anthocyanidins). 

Five anthocyanidins are distinguished in grapes and wine by substituents at the R1 and 

R2 positions (Table 1). Several derivatives are possible depending on the nature of the glucose 

in position 3: glucose, acetylated glucose, p-coumaroyl glucose, caffeoyl glucose. New 

anthocyanins acylated with unusual organic acids, such as lactic acid and ferulic acid, have also 

been identified in trace amounts in some red wines [19]. Within the grape berry, anthocyanins 

are co-localized with tannins in the thick-walled hypodermic cells of the skin [20,21]. In some 

so-called "dyer" grape varieties, they are also present in the pulp. They are extracted during 

alcoholic fermentation and pre- and post-fermentation macerations. Malvidin-3-O glucoside is 

the major anthocyanin in grapes (70-90%).  

Table 1. The chemical structures of anthocyanins. 
Anthocyanin R1 R2 

 

Malvidin-3-O-glucoside OCH3 OCH3 

Peonidin-3-O-glucoside OCH3 H 

Delphinidin-3-O-glucoside OH OH 

Petunidine-3-O-glucoside OCH3 OH 

Cyanidin-3-O-glucoside OH H 

1.1. The balance of anthocyanins as a function of Ph. 

The color of an anthocyanin solution is pH-dependent. The flavylium form, which is 

red, although possessing an electronic deficit, is stable in an acidic environment and changes, 

when the pH increases, either into a carbinol base (colorless), chalcone (yellow), or quinone 

base (blue), purple or red pigments located in the skin of the grapes and which are found in the 

musts. Anthocyanins constitute an important family of organic molecules present, particularly 

in the berry of red grapes. The main property of anthocyanins is their coloring power. The 

anthocyanins produced by grapes are distinguished by the surprising simplicity of their 

structure. We can cite, in particular, the pinot noir, which produces the simplest anthocyanins 

in all the vegetable kingdom. These pigments belong to the group of chlorophylls and 

anthocyanins (mainly for black grapes). Among the flavonoids, anthocyanins and flavonols are 

particularly important in enology since they constitute the grape's red pigments and tannins. 

Anthocyanins appear during veraison and increase throughout ripening. They reach a 

maximum around maturity. The concentration of anthocyanins varies considerably depending 

on the grape variety. The anthocyanins are extracted at the start of fermentation in the aqueous 

phase. Anthocyanins and grape tannins are very reactive molecules that, as soon as they are 

extracted from the grape berries in the liquid medium. Free anthocyanins are not very stable. 

Their content drops noticeably during the first months of aging until disappearing within a few 

years, although the wine remains red. First of all, this decrease is due to combination reactions 

with various compounds, in particular tannins. It is then the consequence of degradation 

reactions due to heat and violent oxidation. Only the anthocyanins combined with the tannins 

will ensure the stability of the color [22-27]. Anthocyanins are characterized by their 

OH O
+

O Glc

OH

R1

R2

OH

https://doi.org/10.33263/BRIAC132.162


https://doi.org/10.33263/BRIAC132.162  

https://biointerfaceresearch.com/ 3 of 17 

 

antioxidant properties, which are beneficial to health and, in particular, against cellular aging 

by improving the elasticity and density of the skin. Recent medical studies also highlight the 

positive properties of these polyphenolic pigments in preventing cardiovascular accidents and 

Alzheimer's disease [28-31]. 

1.2. Flash relaxation to increase the pigment content. 

In the grape berry, most of the agents responsible for the color (pigments) and flavor 

are found in the skin cells of the grain. They are mainly polyphenolic compounds, aroma 

precursors, tannins, and anthocyanin pigments.  

 

 

Scheme 1. Mal, Peo, Del, Pet, and Cya in the water toward the appearance of pigments reveal a variety of 

molecular transformations with the pH changes and generating different colors; (a) (Flavylium cation) pH˃3 

red; (b) Carbonyl pseudo base (pH=4-5 colorless); (c) anhydrobase (pH= 6-7 violet); (d) anhydrobase anion 

(pH=7-8 blue), (e) chalcone (pH˃8 yellow)  

However, conventional winemaking methods only allow 30 to 50% of this potential to 

be extracted, the rest being lost in the marc at pressing. A new technique, flash relaxation, 

increases the polyphenol content by more than 50%. It involves heating the fruit quickly and 

instantly placing it under a vacuum, promoting the freedom of catching compounds in the cell 

parts. Trapped inside the cells. So, scientists have shown that the color of anthocyanins in 

nature differs from H+ cations, consisting of a weakly acidic medium. At pH of 3, changing the 
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color makes the complex of colorful anthocyanin cation that changes into colorless or near-

colorless samples (Scheme 1). 

In fact, these structures are precious edible compounds for health as they are against the 

known free radicals for what is named "oxidative stress". These are produced naturally by our 

body and are, to some extent, necessary because they are involved, for example, in the defense 

against pathogenic viruses and bacteria. However, certain factors such as overexposure to the 

sun, alcohol, tobacco, stress, and an unbalanced diet can contribute to excessive production of 

these radicals, causing cell damage and contributing to premature aging of tissues and the 

development of cardiovascular disease or degenerative diseases such as cancer. To counteract 

the negative effects of our lifestyle, it is therefore important to adopt a diet rich in antioxidant 

nutrients such as vitamins A, C, and E, trace elements (copper, selenium, zinc), carotenoids 

(beta carotene and lycopene), and polyphenols [32-38]. The berries of red fruits are real health 

allies. They have extraordinary antioxidant power thanks to their polyphenol and vitamin C 

content, have recognized anti-inflammatory properties, and are a food highly appreciated by 

our beneficial intestinal bacteria. Among the red fruits with the most powerful antioxidant 

powers, we find blueberries, mulberries, raspberries, and strawberries. 

The exact physiological and physicochemical mechanism of astringency is not yet fully 

understood, but psychophysical evidence supports that astringency is not a taste. First, the 

relationship between the intensity of perception and the concentration of monomeric and 

polymeric tannins is linear over a wide range of concentrations, which is not the case for all 

the other tastes studied. Second, unlike tastes, the perception of which decreases following 

repeated ingestions, the sensation of astringency is accentuated under the same conditions. 

Third, mutual suppression is a fundamental property between all tastes that astringency does 

not have. Additionally, astringency can be felt on surfaces lacking taste receptors, such as the 

surface below the lips inside the mouth [39-43]. 

The origin of the color of the red flavylium A+ form and the blue AO form of 

anthocyanins can be found in their structures. Energy with the correct wavelength/frequency 

can promote an electron from a full orbital to an empty orbital, resulting in a UV-visible 

spectrum. If the wavelength of the absorbed light falls within the visible region, this compound 

is colored. Generally, the more a compound is conjugated, the tighter the amount of energy 

required for the transition and, therefore, the greater the wavelength of light it can absorb. UV-

visible spectroscopy can tell us about the conjugations present in a molecule. With fewer than 

eight conjugated double bonds, the compound only absorbs UV. With more than eight 

conjugated double bonds, absorption slides into the visible [44]. 

In the presence of sulfur dioxide (SO2), solutions of free anthocyanins are strongly 

disycolourable. In aqueous media, SO2 combines with water to produce sulfurous acid, which 

equilibrates according to the following equation [45]: 

 

H2O + SO2                       HSO3
- + H+                                        SO3

2- + 2H+          

The balance of the solution depends mainly on the pH of the medium but also the 

temperature and the ethanol content. At pH 3.5, 96.3% of the sulfurous acid (SO2 + H2O) occurs 

as the hydrogen sulfite anion (HSO3
-) [46]. The HSO3

- ion can react with the flavylium cation 

of the anthocyanin, mainly on the C4 carbon, although theoretically, this is also on the C2 

carbon, leading to the formation of colorless ASO3H-type compounds [47] (Scheme 2). This 

substitution would also prevent the condensation of anthocyanins with other molecules. The 

bleaching effect of SO2 on combined and polymerized anthocyanins is less or nonexistent [48]. 

pKa2 pKa1 
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Scheme 2. Structures of colorless ASO3H form resulting from the reaction between anthocyanins and HSO3
- ion. 

Glińska and his coworkers have illustrated the decrease of potential toxic effects of 

ACNs through separating Mn+ chelation of these compounds [49,50].  

In these structures, the color expression of the "Del" began red, becoming violet, and 

then blue as pH and ACN concentrations were maintained, but the Al3+ content increased. 

Chelation of Al3+ with Cya has been identified to develop in aqueous samples, pH 2-5, which 

indicate violet colorations [51].  

Buchweitz and his coworkers compared the stability of Al3+ chelates of Del-3-

rutinoside in American eggplant to that of acylated Cya glycosides, red cabbage, as literature 

is limited about the stability of acylated ACN metal chelates. They explained that ACN metal 

complexes are stronger to heat treatment rather than light exposure. Degradation of Del-Al 

chelates seems jointed to concentration with the rate decreasing over time, in agreement with 

recent research [52]. 

In recent research, it has been approved that Al3+ in metalloanthocyanins can induce 

blue color development with Del, having a pyrogallol moiety on the B ring. Still, it is not 

enough to lead to blue colors with Cya derivatives [53]. Therefore, a theoretical study of the 

linkage between the electronic and chemical structure of Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+ by 

Mal, Peo, Del, Pet, and Cya and their stability has been followed using theoretical and 

computational methods in water at 300 K.  

2. Theory of chelation 

The chelation of anthocyanins of Mal, Peo, Del, Pet, and Cya with Mg2+/Al3+/Ga3+/ 

Sn2+/Cr3+/Fe3+ has been studied in this investigation by forming relatively stable complexes in 

the weak acidified medium with a different pH range. Thus, a series of quantum-theoretical 

approaches has been done for finding the optimized coordination of [ACN- Mg2+/Al3+/Ga3+/ 

Sn2+/Cr3+/Fe3+] chelation with IR computations and following the Beer-Lambert rule using 

Gaussian09 program package [54]. It has been indicated that polarization functions into the 

principal basis set in the calculation show us a significant result in the simulation and modeling 

approaches. So,  IR consequences are the outlook of frequency potential by an analytic 

methodology that keeps the movement of all atoms at the same time in a vibrant time scale 

toward a real discussion of molecular vibrant [55-60]. 

First, optimized geometry coordination of [Cya- Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+] 

chelation complexes through their B ring in water at 300K evaluated. Besides, charge electron 

transfer and thermodynamic properties of  [ACN- Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+] chelation 

through their B ring in water at 300K have been estimated and compared to each other by 

different concentrations of H+ in a simulated solvent model (Figure 1). 
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Figure 1. The schematics of (a) ACN- Fe3+; (b) ACN- Mg2+; (c) ACN- Sn2+ due to the bond length of O  

Mn+ and  bond angle of   O  Mn+  O in the molecular structure. 

 In this work, the data has been achieved from thermodynamic parameters of ΔG, ΔH, 

and ΔS for the solute-solvent model of [ACN- Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+] chelation in 

water at 300K. Therefore, for accomplishing a stable structure of [ACN- Mg2+/Al3+/Ga3+/ 

Sn2+/Cr3+/Fe3+] chelation of Mal, Peo, Del, Pet, and Cya pigments, geometry coordination with  

IR computations have been run; the intensity and frequency of the IR modes were evaluated 

with the QM approach, and the basic infrared vibrant were measured by their changes of 

minimized energy in H2O. So, thermodynamical analysis pursues infrared information data. 

So, computed data was run at different basis sets to achieve correct equilibrium coordinated 

results and frequency data for each of the certain structures. It is assumed that another 

polarization and diffuse levels in the basis set used in the calculation direct us to the special 

development of the consequences of the theory. The simulation indicates the approaches that 

produce a common model template at a special temperature by computing all physicochemical 

properties among the partition function [56]. 

3. Results and Discussion 

The use of data from back grape sequencing of three anthocyanin pigments of Mal, Peo, 

Del, Pet, and Cya have been calculated using theoretical methods to evaluate order to identify 

molecular actors involved in the transport of anthocyanins in metal chelation with cations of 

Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+ in different pH and evaluated using Gaussian09 in a water 

medium (Figure 2). In this project, three anthocyanin pigments of Mal, Peo, Del, Pet, and Cya 

have been estimated using theoretical methods to measure the effect of metal chelation of 

different plants, including factorial excess of Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+ in different pH 

and evaluated by IR spectroscopy using Gaussian09 in water media at 300K. The 

thermodynamical characterizations gibs free energy, enthalpy entropy,  ∆G, ∆H, ∆S, Electronic 

Energy, Core-Core Interaction, IR properties frequency spectrums, anthocyanin amount,  and 

pH conduct us towards final color and stability (Table 2 and Figure 2) [54].  

Table 2. Thermochemical factors of Cya, Del, Mal, Pel, Peo, pet in water at 300K. 

Pigment ∆G 
∆H 

 
∆S ×10-2 

Eelectronic 

 
Ecore-core 

 
lnK ×10-5 

Cya   -2.85×105 -1.54×103 9.44 -2.80×106 2.51×106 2.85 

Del -2.92×105 -1.57×103 9.69 -2.89×106 2.60×106 4.90 

Mal -2.11×105 -9.07×102 7.00 -1.86×106 1.65×106 3.54 

Pel -2.45×105 -1.26×103 8.14 -2.25×106 2.01×106 1.37 

Peo -2.72×105 -1.42×103 9.03 -2.61×106 2.33×106 4.56 

Pet -2.80×105 -1.47×103 9.28 -2.75×106 2.47×106 4.69 
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Figure 2. Flactuation of Gibbs free energy (∆G, kcal/mol) of [anthocyanin- Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+] 

chelation in water at 330K. 

Six anthocyanin pigments of cyanidin (Cya), delphinidin (Del), malvidin (Mal), 

pelargonidin (Pel), peonidin (Peo), and petunidin (Pet) have been evaluated using theoretical 

methods to evaluate the dielectric solvent effect on the stability of these anthocyanins water at 

300 K. As it has been shown, a vibrational calculation with its eigenvector for finding 

thermodynamic parameters and physical properties of anthocyanins including ∆G,∆H, ∆S lnK, 

Core-Core Interaction, and Electronic Energy has been calculated by Gaussian09 in water at 

300K (Table 2 and Figure 2) [60]. 
 

Figure 3. The calculated equilibrium constant (K) of anthocyanin pigments of Cya, Del, Mal, Pel, Peo, Pet in 

water at 300K. 

The difference between these subclasses is revealed in double bonds and carbonyl 

groups in the C ring in water media that approves the stability and color of anthocyanins 

pigments in a weak acidic condition (Figure 3). 

The absorbance (A) of six anthocyanins pigments of Cya, Del, Mal, Pel, Peo, Pet in a 

water medium has been measured in Table 3 based on the beer-lambert rule; the absorbance is 

directly proportional to the concentration (c/ molL-1) of the solution for the compounds through 

Beer-Lambert equations of A =log10 (Iₒ/I) and A = εlc. 
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Table 3. Calculated absorbance (A), Frequency, and Dipole moment of anthocyanin-metal chelation of Cya, 

Del, and Pet in various pH. 

pH A Frequency Dipole A Frequency Dipole A Frequency Dipole A Frequency Dipole A Frequency Dipole 

Cya Mg2+ Ga3+ Cr3+ Fe3+ Al3+ 

1.17 0.10 3922.70 3.05 0.25 3924.86 18.65 0.22 3926.30 9.94 0.13 3924.71 0.25 0.25 3924.86 18.65 

1.30 1.20 3927.39 3.24 1.32 3925.22 16.74 0.96 3931.09 8.39 1.06 3926.28 1.32 1.32 3925.22 16.74 

1.40 1.21 3927.39 1.53 0.64 3926.23 16.35 0.65 3926.20 10.31 0.95 3926.28 0.64 0.64 3926.23 16.35 

1.48 1.89 4014.50 5.27 1.87 4008.35 13.82 0.68 3926.21 8.59 1.19 3928.35 1.87 1.87 4008.35 13.82 

1.54 1.89 4012.12 3.91 1.85 4007.68 6.69 1.90 4009.28 9.59 1.90 4012.01 1.85 1.85 4007.68 6.69 

pH Mg2+ Ga3+ Cr3+ Fe3+ Al3+ 

Del 

1.17 0.70 3926.53 6.71 0.42 3925.41 18.78 0.89 3933.41 9.04 0.89 3767.49 7.90 3.59 3925.80 1617.19 

1.30 1.20 3929.42 3.67 1.25 3927.6 14.94 0.89 3933.41 9.04 3.93 3945.54 1907.47 1.07 3929.67 1745.15 

1.40 2.81 5816.27 22.60 1.24 3927.92 12.99 1.07 3935.24 6.40 0.89 3928.67 6.87 1.12 3929.62 16.10 

1.48 1.24 3930.14 4.91 3.75 4040.77 2293.99 1.92 4017.84 7.38 1.92 4018.25 5.54 1.86 4015.05 17.01 

1.54 1.92 4018.29 3.75 1.90 4014.13 13.14 1.84 4015.40 9.03 1.95 4016.15 6.38 1.80 4012.90 16.86 

pH 
Mg2+ Ga3+ Cr3+ Fe3+ Al3+ 

Pet 

1.2 0.39 3925.49 8.2 0.61 3926.05 17.77 1.47 3767.37 26.67 0.39 3925.49 8.2 1.22 3764.23 22.84 

1.30 3.59 3925.48 7.89 0.57 3925.90 16.37 0.27 3926.38 9.77 3.59 3925.48 7.89 3.59 3930.10 1.22 

1.40 0.97 3938.03 6.59 1.04 3936.28 15.78 1.02 3944.92 9.34 0.97 3938.03 6.59 8.50 7744.65 1935.27 

1.48 0.96 3941.18 5.34 1.07 3935.38 2473.38 0.86 3940.57 6.89 0.96 3941.18 5.34 1.06 3953.97 16.27 

1.54 1.00 3940.83 6.52 1.89 4013.77 12.82 0.92 3943.45 6.21 1.00 3940.83 6.52 1.96 4013.69 15.92 

The difference in ∆HR among [ACN- Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+] chelation 

complexes (Figure 4) has been explored through double bonds and carbonyl groups by the B 

ring chelated of Cya, Del, and Pet anthocyanins in water that illustrates the stability and color 

of [ACN- Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+] chelation of Cya, Del, and Pet pigments in a weakly 

acidic solution. The highest chelate stability with different ACNs indicates that ACN-metal 

chelation can produce a varied range of colors under acidic pH with efficiency for food 

consumption. The results of ∆HR for the formation of [Cya, Del, Pet- Mg2+/Al3+/Ga3+/ 

Sn2+/Cr3+/Fe3+] chelation complexes have been extracted in Figure 4 and data from Table 2. 

 
Figure 4. Changes of enthalpy of reaction (∆HR) for formation of [ACN- Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+ - 

chelation] complexes in water medium. 
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In the present project, the Beer-Lambert rule has been applied for minimized structures 

of [Cya, Del, Pet- Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+] attached to explain the linkage of identified 

molecules for indicating the stability and a limitation of color through their electronic 

compounds in H2O media with different concentrations of H+ (Table 3). The absorbance (A) 

of the anthocyanins- Al3+/Ga3+/Cr3+/Fe3+ /Mg2+ ion chelation of Cya, Del, and Pet pigments in 

H2O molecules has been modeled, which relates to concentration (c/ mol/L) of H+. The data 

has been introduced based on A =log10 (Iₒ/I) = εlc (Table3 and Figure 5a, b). A big increase in 

absorbance might be considered to transform the colorless states of anthocyanin to those that 

absorb and reflect visible light and the Mn+ induced attached to ACN compounds (Figure 5a, 

b). 

 
Figure5. Changes of absorbance (A) versus concentration (c) through beer-lambert law for; (a) [Pet- Al3+/Ga3+/ 

Mg2+]chelation and (b) [Cya- Al3+/Ga3+/ Mg2+] chelation in the weak acidic media by different concentrations of 

H+ at 300K. 

It has been seen the absorbance of Cya, Del, and Pet with Mg2+ cation. Still, the shiftings 

were of the magnitude by a function in establishing anthocyanin ACN into macromolecules 

like the function of Mg2+ cation in metalloanthocyanins foundation [53]. So, Mg2+ cation is the 

divalent metal cation applied in this research which is an essential M n+ to life status and usually 

attached to anthocyanin in plants without any electrons in d orbitals. It can produce some 

metalloanthocyanins with the empty orbitals of d or f [62]. Mg2+ was explored to function in 

the stereochemical configurations of Cya, Del, and Pet anthocyanins. To discover the impacts 

of Al3+ salt on food origin, ACN was measured to understand the blue color development of 

metallo-ACN better. In calculations, Al3+ was identified to displace Mg2+ in ACN- Mg2+ 
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complexes, Cya based, and produces more stable complexes [63]. This Mn+  has also even been 

estimated as a key to evaluating Cya, Del, and Pet in ACN extracts from edible sources. Similar 

to Mg2+, Al3+ also lacks electrons in d orbitals but is trivalent when ionized. In all pH, the 

frequency, intensity, absorbance, and thermodynamics properties of ACN-chelation were 

found to be significantly different with each metal treatment (Al3+/Ga3+/Mg2+). It has been seen 

that by increasing the pH, the frequency of [Cya-Al3+/Ga3+/Mg2+] chelation increases between 

pH ≈1.1-1.5. The maximum frequency of Al3+ treated acylated Cya was greater, indicating the 

development of bluer colors, especially in higher pH with effects on their visible light 

absorbance (Figure 6). 

 
Figure 6. Changes of frequency (F) versus pH for [Cya-Al3+/Ga3+/Mg2+] chelation in the weak acidic media by 

different concentrations of H+ at 300K. 

Although we have little information about the interaction of ACN with Cr3+, it is 

trivalent Mn+ having electrons in d orbitals, whereby adding the Cr3+ to the ACN of this research 

was also explored to approve the spectra of absorbance. The mean frequency of the ACN of 

both sources in all pH was accomplished to be different metal cation compounds. Similar trends 

occurred with Cr3+, where the Fmax of chelated Cya and Del were greater while it has been 

shown the larger Fmax of the ACN with Cr3+ compared to Al3+in chelation by Cya and Pet. 

Like Al3+, the impacts of iron chelated to ACN were investigated to be better characterized to 

generate some ACN based blue colorations. Fe3+ is an important role in many of the known 

pigment macromolecules [53]. Those metalloanthocyanins with Cya chromophores need Fe3+ 

to generate blue hues, but those based on Del chromophores can precede blue colors. So, it has 

been seen ACN formed bonds with Fe3+ producing the highest shift of frequency and 

absorbance compared to other metalloanthocyanins (Figure 6). As has been seen in Table 3, 

the physical properties of high frequency and dipole moment for ACN-metal cation chelated, 

including Cya-Al3+, Del-Al3+, and Pet-Al3+ have been calculated in weakly acidic media 

extracted from the infrared computational method, which shows a high deviation of absorbance 

for [Al3+- chelation] of Del pigment. 

The frequency achieved by IR vibrational spectra has shown that the normal mode of 

the active sites is due to anthocyanin-metal cation chelation of Cya-Al3+, Del-Al3+, and Pet-
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Al3+ in minimized weak acidic media, indicating the resistance and color of these compounds. 

The principal frequency vibrational modes have been illustrated based on the stability and color 

of various anthocyanin-metal cation chelation (Table 3). In the next step,  the atomic charge of 

indicated atoms in [ACN- Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+] chelation has been evaluated as the 

active parts of the molecules which play an important role in the electron charge transfer toward 

producing a range of various colors in water (Table 4). 

Table 4. Atomic charge for Oxygen atoms in molecules of [ACN-Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+-chelation] in 

water medium. 

Cyanidin 

atom Mg2+ Ga3+ Cr3+ Fe3+ Al3+ 

O10 -0.42 -0.37 -0.02 -0.16 -0.36 

O+17 -0.13 -0.16 -0.13 -0.14 -0.13 

O24 -0.20 -0.23 -0.21 -0.21 -0.18 

O25 -0.22 -0.22 -0.21 -0.22 -0.21 

O26 -0.21 -0.21 -0.21 -0.21 -0.21 

O27 -0.39 -0.34 0.07 -0.13 -0.33 

Mn+31 0.76 0.76 -0.45 0.07 -0.02 

Delphinidin 

atom Mg2+ Ga3+ Cr3+ Fe3+ Al3+ 

O9 -0.39 -0.56 0.00 -0.14 -0.32 

O+16 -0.13 -0.13 -0.13 -0.13 -0.13 

O23 -0.20 -0.18 -0.21 -0.20 -0.18 

O24 -0.21 -0.20 -0.20 -0.21 -0.20 

O25 -0.21 -0.21 -0.21 -0.21 -0.21 

O26 -0.40 -0.63 0.06 -0.12 -0.33 

O30 -0.21 -0.18 -0.21 -0.21 -0.19 

Mn+32 0.76 0.64 -0.42 0.04 0.04 

Petunidin 

atom Mg2+ Ga3+ Cr3+ Fe3+ Al3+ 

O+7 -0.13 -0.13 -0.13 -0.13 -0.13 

O17 -0.40 -0.57 0.03 -0.13 -0.33 

O18 -0.39 -0.63 0.04 -0.17 -0.33 

O19 -0.20 -0.19 -0.21 -0.21 -0.19 

O20 -0.21 -0.19 -0.21 -0.20 -0.21 

O21 -0.22 -0.21 -0.22 -0.22 -0.21 

O30 -0.15 -0.12 -0.15 -0.15 -0.13 

Mn+35 0.76 0.65 -0.42 0.0 0.03 

 

In Figure 7 it has been plotted the changes in atomic charge of labeled oxygen atoms 

and metal cations through optimized [ACN- Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+] chelation. 

Figure 7. Comparison of atomic charge versus labeled oxygen atoms and metal cations through optimized 

[ACN- Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+] chelation in water. 
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The outlook of Figure 7 recommends the reason for existing observed various results 

of [ACN- Mg2+/Al3+/Ga3+/ Sn2+/Cr3+/Fe3+] chelation which are attached to the status of active 

cites of precise oxygens and metal cations in these compounds, which pass the charge of 

electrons in the aromatic cyclic chain. Therefore, the partial charges and spin density have been 

gained by matching the electrostatic potential to a fixed charge of O+
17, O

+
16 , and O+

7 cations 

for Cya-Mn+ (31), Del-Mn+ (32), and Pet-Mn+(35), respectively (Table 4 & Figure 7); therefore, 

the electrophilic groups of Cya, Del anthocyanin pigments conduct us to find the reason for the 

stability and the activity of these compounds in the natural products. 

4. Conclusions 

In this paper, the anthocyanins of cyanidin (Cya), delphinidin (Del), and petunidin (Pet) 

with a big linkage in the active part of these complexes by metal cations of (Mg2+/Al3+/Ga3+/ 

Sn2+/Cr3+/Fe3+) produce a different range of colors under acidic pH; as divalent Mg2+ cation 

has introduced diverse physicochemical parameters concerning its minimized coordination as 

oxygen - Mg2+ ≈ (1.9Å) and oxygen - Mg2+ - oxygen ≈ (112o)   while it has been pointed out 

oxygen - M3+ ≈ (1.8Å) and oxygen - M3+ - oxygen ≈ (120o)  for trivalent metal cations of (Mg2+, 

Al3+, Ga3+, Sn2+, Cr3+, and Fe3+) metal cations with more metal ions produced big shifts in the 

color, stability, and foundation.  

Besides, we have discovered that [anthocyanin- metal cations of (Mg2+, Al3+, Ga3+, 

Sn2+, Cr3+, and Fe3+)] chelated is founded on the axes of active parts of identified oxygens and 

metal cations in these molecules. At the same time, the electronic charges differ in aromatic 

cyclic chains in the presence of a high dielectric constant of water compared to gas. The partial 

charges and spin density have been estimated by installing the electrostatic potential to pierce 

the charge of O+
17, O+

16, and O+
7 cations for  cyanidin-Mn+(31), delphinidin-Mn+ (32), and 

petunidin-Mn+(35), respectively related to the electrophilic properties of cyanidin, delphinidin, 

and petunidin which explain the stability and the activity of these molecules in the natural 

structures. Basically, anthocyanins can be attached to the Mn+ while denotes the shift in their 

spectra of absorbance and frequency, which are influenced by several parameters such as the 

anthocyanin crystal and pH, which is the medium parameter in the identified color of the 

solutions, and also the atomic configuration of the metal cations.  

So, the divalent Mg2+ cation was indicated to influence  ACN  approximately by 

enhancing electron density in diverse pH; Sn2+ ≈ Fe3+≈ Ga3+> Al3+> Cr3+>> Mg2+. 

Using Beer-Lambert law on anthocyanin- metal cations of (Mg2+, Al3+, Ga3+, Sn2+, Cr3+, 

and Fe3+)] chelated of cyanidin, delphinidin, and petunidin pigments in Iranian black grape 

applying theoretical approaches discusses the absorbance parameter in two diverse conditions 

of water and gas and then shows the minimized stabilization energy and the stable coordination 

which have been influenced by infrared theoretical simulation toward the thermodynamical 

characterization and the electronic structure of optimized [anthocyanin- metal cations of (Mg2+, 

Al3+, Ga3+, Sn2+, Cr3+, and Fe3+)] cluster chelation in Iranian black grape resulting of metal 

chelation. 

The data have indicated such foundations of [anthocyanin-metal cations of (Mg2+, Al3+, 

Ga3+, Sn2+, Cr3+, and Fe3+)]  chelated in Iranian black grape 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. 
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