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Abstract: Aloe vera is known to have many antioxidants. However, the best component is not known 

yet. In this study, a search for the best candidate to show antioxidant ability is made through quantum 

chemical calculations. Antioxidant behavior at different solvent medium including the lipid 

environment has been explored. Our study reveals that out of ten major components of Aloe vera, 

three of them, namely esculetin, umbelliferone and aloinoside A have been found to possess superior 

ability. Moreover, these three components have shown similar antioxidant ability as that of resveratrol 

and gallic acid while they perform better than fumaric acid.  
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1. Introduction 

 Antioxidants trap unwanted free radicals which are produced by oxidation in our 

body. The demand for antioxidants in day-to-day life is growing at an exponential rate. Over 

several decades, researchers have been searching for new antioxidants from natural sources 

[1-20]. The oxidative stress in the body is sometimes balanced by internally produced 

antioxidants such as enzymes or by those obtained from dietary sources such as vitamin C 

and E. However, when the body is under excessive oxidative stress, the internally produced 

antioxidants may not tackle the situation and therefore, more efficient antioxidants from 

dietary sources are gaining much attention these days. 

 Aloe vera is known for decades as a super antioxidant which is due to the presence of 

polyphenols. There are ten major phenolic compounds such as esculetin (1), chrysophanol 

(2), aloe-emodin (3), aloesaponarin I (4) and umbelliferone (5), aloin A (6), aloeresin A (7), 

aloesin (8), aloenin (9) and aloinoside A (10) as shown in Scheme 1. All these phenolic 

compounds are known to be the active components present in Aloe vera and are known to 

trap unwanted radicals generated in our body and thereby serve as antioxidants. However, it 

is not known to us which among them performs the best. Are all of them equally capable? Is 

there a particular component which performs better than the others? Can we distinguish the 

best component which can be synthesized alone in the laboratory? To answer these pertinent 

questions, we have undertaken a theoretical study to search for the best antioxidant 

component present in Aloe vera. 
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Scheme 1. Phenolic compounds present in Aloe vera 

The study focusses on O-H bond dissociation enthalpy (BDE), ionization potential (IE) and 

radical stabilization enthalpy (RSE) using quantum chemical method. These chemical 

properties are associated with the four accepted mechanisms of antioxidants’ action, [21-23] 

such as (i) hydrogen atom transfer (HAT), (ii) single electron transfer (SET), (iii) single 

electron transfer followed by proton transfer (SET-PT), and (iv) sequential proton loss 

electron transfer (SPLET) [2,8,18]. 

2. Computational Details 

 Structures were fully optimized at M06-2X/def2-TZVP level [24]. This functional 

provides good thermochemistry of main group compounds [24]. Harmonic vibrational 

frequency calculations confirm them to be local minimum. Transition states were located 

with one imaginary value of the Hessian matrix by intrinsic reaction coordinate (IRC) 

analysis. Unrestricted formalism was employed for the open shell calculations. Spin 

contaminations were found to be negligible (less than 1%). Further, bond dissociation 

energies of some phenols considered in this study were also evaluated by running single point 

calculations at CCSD(T)/def2-TZVP level on M06-2X optimized geometries. Universal 

solvation model (SMD) [25] were used for solvent phase calculations using n-octanol, water, 

and benzene on the gas phase optimized geometries. Pentyl ethanoate as solvent was also 

used to model lipid environment.  



Multidisciplinary Research Journal      Volume 1, Issue 1, 2025 

                 January – March 2025 

84 

 

 Rate constants were calculated using standard transition state theory at 298 K and 1 

atm pressure. 

 The lipophilicity (LogP) was calculated using the following equation, Eq. (1) [26].  

𝐿𝑜𝑔𝑃 =  (𝛥𝐺𝑤𝑎𝑡𝑒𝑟 − 𝛥𝐺𝑛−𝑜𝑐𝑡𝑎𝑛𝑜𝑙)/𝑅𝑇                                      (1) 

where ΔG values are the free energies in respective solvent. 

Electronic structure analyses were performed using natural bond orbital (NBO) [27]. All the 

other calculations were performed using Gaussian 16 suite of program [28]. 

3. Results and Discussion 

 3.1. Lipophilicity 

Lipophilicity is an indication of the physiological activity of the compounds [21, 29]. 

It is measured in terms of LogP values calculated in two different solvent medium, water and 

n-octanol. This partition functions provides important information regarding the 

bioavailability of a compound. Higher the LogP values, higher is the biological availability of 

the compounds. Figure 1 shows the logP values of the studied molecules. It is evident from 

Figure 1 that aloinoside A (10) has the highest value of LogP indicating higher physiological 

activity. This is expected due to its high molecular weight among all the polyphenols. 

Similarly, high molecular weight containing polyphenols (6-10) have higher LogP values 

indicating higher physiological activity. Interestingly, umbelliferone (5) have also significant 

value of logP despite of its smaller molecular weight.  

 

Figure 1. Calculated LogP values of the compounds 

 We then turned our attention to investigate chemical properties of these compounds 

by calculating the O-H bond dissociation energies (BDE), ionization energies, electron 

transfer enthalpy (ETE), radical stabilization energies (RSE) and finally the activation 

energies associated with trapping of OH free radical (as a test case). These parameters are 

very important to determine antioxidant ability following HAT, SET, SET-PT and SPLET 

discussed above. 

 Table 1 contains the O-H bond dissociation energies. The O-H bond is broken which 

produced the lowest BDE values and are marked red in Scheme 1. Calculated values of BDE 



Multidisciplinary Research Journal      Volume 1, Issue 1, 2025 

                 January – March 2025 

85 

 

for 1, 2 and 5 at M06-2X and CCSD(T) levels are very close (within 3.0 kcal/mol) indicating 

the reliability of the method used. It is evident from Table 1 that BDE values increase from 

gas phase to water, n-octanol and lipid medium which are more realistic model for the 

biological system. It is interesting to note that esculetin (1), umbelliferone (5) and aloinoside 

A (10) showed the lowest O-H BDE indicating that these three compounds are best to show 

antioxidant ability through hydrogen atom transfer (HAT) pathway. Moreover, the calculated 

BDE of these two compounds is lower than trans-resveratrol, gallic acid and fumaric acid 

which are known to be good antioxidants. Thus, these three compounds (1, 5 and 10) present 

in Aloe vera are the best performers according to HAT mechanism. 

Table 1. Calculated O-H bond dissociation energies (BDE, kcal/mol) [The O-H bonds marked red are broken as 

shown in Scheme 1; values within parenthesis refer to CCSD (T)/ def2-TZVP values] 

Compound 
BDE 

Gas Water n-octanol Lipid 

1 77.7 (79.3) 87.5 (89.1) 
87.2 

(89.3) 

88.3 

(90.3) 

2 101.7 (103.2) 
107.3 

(108.4) 

107.9 

(109.2) 

109.2 

(111.3) 

3 101.6 109.3 107.9 105.2 

4 94.1 102.2 102.4 104.6 

5 88.0 (90.1) 
96.0 

(97.8) 

96.9 

(98.3) 

97.2 

(99.3) 

6 91.0 94.2 97.2 97.6 

7 88.2 90.2 91.2 92.3 

8 92.1 93.2 94.3 94.1 

9 90.1 91.4 91.8 92.4 

10 76.1 77.3 78.2 78.5 

Trans Resveratrol 86.7 96.0 95.9 96.3 

Gallic Acid 88.1 93.5 93.9 94.2 

Fumaric Acid 112.0 121.9 122.7 122.8 

Ionization potential is another important parameter to understand the feasibility of 

electron transfer to the other radical centre. This is important as lower the ionization energy, 

higher will be its tendency to release electron and thereby trap the unwanted radical. Table 2 

contains the numerical information of adiabatic ionization potential. In every case, IP values 

decrease in water and n-octanol medium owing to their high polarity which helps in 

stabilizing the cation formed after release of electron, thereby helping in electron transfer to 

the unwanted radical. It is evident from Table 2 that out of ten phenolic compounds 

considered in this study which are active components of Aloe vera, compound 1, 5 and 10 

have lower IP values indicating that these three may trap the radicals through single electron 

transfer mechanism. Interestingly, all the phenolic compounds have lower IP values 

compared to fumaric acid. This implies that all these phenolic compounds present in Aloe 

vera are better antioxidants than fumaric acid. 

We then turned our attention to the kinetic barrier of these compounds to trap radicals. 

We have considered OH radical as a representative case. Table 2 also contains the activation 
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barriers of these compounds to trap OH radical. The activation barriers were found to be 

much lower for compound 1, 5 and 10 compared to other phenolic compounds indicating that 

these three are the best to readily trap radicals. Interestingly, the activation energies of these 

two compounds are very close to trans-resveratrol and gallic acid which are known to show 

excellent antioxidant abilities. Thus, out of ten phenolic compounds present in Aloe vera 

compound 1, 5 and 10 are the best in trapping radicals. The transition states are shown in 

Figure 2. Moreover, Gibbs free energy change (ΔG298) for the reaction between these 

phenolic compounds with OH radical also indicates that compound 1, 5 and 10 have more 

negative values of ΔG298. Therefore, the reactions of 1, 5 and 10 with OH radical are 

expected to be more spontaneous. 

Table 2. Calculated adiabatic ionization potential (IP, eV) of the compounds in different media [Activation 

energy (Ea, kcal/mol) and Gibbs free energy change (ΔG298, kcal/mol) associated with the trapping of OH 

radical calculated in gas phase] 

Compound 
IP 

Ea ΔG298 

Gas Water n-octanol Lipid 

1 8.1 6.2 6.4 6.6 16.6 -21.3 

2 8.4 7.0 7.1 7.2 31.2 -17.6 

3 8.5 7.0 7.1 7.3 30.9 -18.3 

4 8.5 7.1 7.3 7.4 18.2 -23.2 

5 8.5 6.6 6.7 6.5 17.6 -24.1 

6 8.3 6.9 6.8 6.7 23.1 -19.2 

7 8.7 7.1 7.3 7.6 28.2 -18.7 

8 8.4 7.3 7.5 7.2 26.1 -15.3 

9 8.3 6.9 7.1 7.3 24.2 -16.3 

10 7.8 6.1 6.3 6.4 14.5 -29.2 

Trans-Resveratrol 7.3 5.9 6.0 6.2 17.3 -27.2 

Gallic Acid 8.4 6.5 6.7 6.6 17.7 -25.4 

Fumaric Acid 11.2 9.2 9.3 9.4 21.3 -24.2 

 

Figure 2. Transition state structures for the reaction between OH radical and the polyphenols 
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We then calculated the rate constant for the reaction between OH radical and phenolic 

compounds. Table 3 contains the rate constant k in M-1S-1 for all the reactions. The calculated 

rate constants for 1, 5 and 10 are higher and are closer to the conventional antioxidants trans 

resveratrol, Gallic and Fumaric acid. Thus, the kinetic study also indicates that 1, 5 and 10 are 

better antioxidants among the phenolic components present in aloe vera. 

Table 3. Rate constant k (M-1S-1) for the reaction of OH radical with the phenolic compounds calculated at 298 

K and 1 atm pressure 

Compound k Compound k 

1 1.82 7 3.93 x 10-2 

2 3.42 X 10-1 8 4.12 x 10-1 

3 3.91 x 10-1 9 3.67 x 10-2 

4 2.12 x 10-1 10 1.87 

5 1.91 
Trans 

Resveratrol 
1.62 

6 3.72 x 10-2 Gallic Acid 1.81 

  Fumaric Acid 1.67 x 10-1 

Stability of the radicals formed after H atom transfer is very crucial to determine. 

Distribution of spin density is important to render stability to the radical. We therefore, 

plotted the spin density of the radicals (Figure 3) and calculated the radical stabilization 

energy (RSE) using NBO program [27]. It is evident from Figure 3 that spin density is most 

delocalized in 1, 5 and 10 radicals which render more stability to the radical after H atom 

transfer. This has also been reflected in the second-order perturbation energy E2 (Table 4) 

computed using NBO program. Calculated RSE values of 1, 5 and 10 radicals are almost 

similar to those of trans-resveratrol and gallic acid and slightly higher than that of fumaric 

acid. Thus, radicals of compound 1, 5 and 10 have higher stability which may render them 

better antioxidant ability. 

Table 4. Calculated RSE (kCal mol-1) values 

Compound 
RSE 

Gas Water n-octanol Lipid 

1 28.2 30.1 28.9 27.8 

2 22.1 24.1 22.7 21.0 

3 21.7 22.4 22.2 20.6 

4 23.4 25.1 23.9 22.1 

5 29.1 30.4 29.5 28.4 

6 28.6 29.1 29.5 28.2 

7 24.2 23.4 24.1 23.7 

8 23.3 22.4 22.5 21.3 

9 27.6 27.2 26.9 24.1 

10 31.2 29.5 29.1 30.2 

Trans Resveratrol 29.5 30.2 30.2 28.2 

Gallic Acid 28.7 29.1 29.3 27.1 

Fumaric Acid 25.2 26.1 26.1 24.2 
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Figure 3. Spin density plots [Contour value used: 0.003 au] 

4. Conclusions 

 Calculations were performed to search for the best phenolic antioxidants present in 

Aloe vera. Different parameters such as O-H bond dissociation energy, ionization potential 

and radical stabilization energies were evaluated for ten different phenolic compounds 

present in Aloe vera. Our study reveals that esculetin (1), umbelliferone (5) and aloinoside A 

(10) are the best phenolic compounds to show antioxidant behavior. The present study also 

checked the bioavailability through the calculation of lipophilicity. Although compound 1 has 

lower lipophilicity compared to others, compound 5 has comparable lipophilicity to others. 

The activation barrier for 1, 5 and 10 related to the H atom transfer reaction with OH radical 

are lower compared to others. Thus, kinetics also favors 1, 5 and 10 to trap unwanted free 

radicals generated in our body. The antioxidant ability of these two compounds is quite 

comparable to the well- known antioxidants such as trans-resveratrol and gallic acid. In 

conclusion, esculetin, umbelliferone and aloinoside A are the best three phenolic compounds 

present in Aloe vera having superior antioxidant behavior. 

Multidisciplinary Domains 

This research covers the domains: (a) Antioxidant, and (b) Theoretical. 
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