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ABSTRACT 
  
 Background and aim : The antioxidant activity of phenolic compounds is due to their ability to scavenge 
free radicals, donate hydrogen atoms or electron, or chelate metal cations. In this study, the antioxidant activities 
of 10 structurally different pomegranate phenolic compound  were evaluated by FRAP assay and SAR study. 
Material and method: The antioxidant capacity of pomegranate juice (PJs) obtained from Saveh Black Leather 
cultivar were determined by “ferric reducing antioxidant power” (FRAP) assay.   antioxidants is usually carried 
out by determination of their profile as chain-breaking antioxidants, by the evaluation of their direct free radical-
scavenging activity as hydrogen- or electron-donating compounds.The structure of phenolic compounds is a key 
determinant of their radical scavenging and metal chelating activity, and this is referred to as structure–activity 
relationships (SAR). In the case of phenolic acids for example, the antioxidant activity depends on the numbers 
and positions of the hydroxyl groups in relation to the carboxyl functional group. Results: Monohydroxy 
benzoic acids with the –OH moiety at the ortho- or para-position to the –COOH show no antioxidant activity, 
though the same is not true for the m-hydroxybenzoic acid. The antioxidant activity of phenolic acids increase 
with increasing degree of hydroxylation, as is the case of the trihydroxylated gallic acid, which shows a high 
antioxidant activity. However, substitution of the hydroxyl groups at the 3- and 5-position with methoxyl groups 
as in syringic acid reduces the activity .results of SAR were in good agreement with FRAP assay results. 
Conclusion: Phenolic compounds have been associated with the health benefits derived from consuming high 
levels of fruits and vegetables .  
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Introduction: 
 
 Pomegranate juice is nutritionally an important 
beverage since it is consumed frequently for its 
phenolic compounds (such as anthocyanins, ellagic 
acid,phytoestrogenic flavonoids and tannins). In the 
past decade, numerous studies on the antioxidant 
activity have shown that pomegranate juice contains 
high levels of antioxidants - higher than most other 
fruit juices and beverages Besides these findings, 
some clinical research studies suggest that 
pomegranate juice changes the blood parameters 
such as LDL, HDL, and cholesterol increase the 
prostate specific antigen (PSA), and may be helpful 
against heart disease , Alzheimer’s disease . Phenolic 
compounds including flavonoids and flavanoids are 
widespread in plants and they are important in 
contributing the flavor and color of many fruits and 
vegetables. They are C15 compounds of 2 phenolic 
rings connected by a 3-carbon unit, and grouped 
according topresence of different substituents on the 
rings and the degree of ring saturation. They are 

frequently attached with sugars moiety to increase 
their water-solubility .Flavonoids extracted from 
pomegranate showed strong anti-oxidant 
activity(Mustafa C et al., 2009 and Yunfeng L et al., 
,2006). 
  Currently, there is great interest in finding 
antioxidants from natural sources to minimize 
oxidative damage to cells. Oxidative damage is 
caused by free radicals and reactive oxygen species, 
mostly generated endogeneously. Pomegranate fruit 
has valuable compounds in different parts of  the 
fruit whose functional and medicinal effects such as 
antioxidant,anticancer and anti-atherosclerotic effects 
have been confirmed. Pomegranate juice is 
nutritionally an important beverage since it is 
consumed frequently for its phenolic compounds 
(such as anthocyanins, ellagic acid, phytoestrogenic 
flavonoids and tannins)( Bazzano L et al., ,2002, and 
Block G  et al.,, 1992) . Phenolic compounds could 
be a major determinant of antioxidant potentials of 
foods, and could therefore be a natural source of 
antioxidants. Phenolic acids consist of two 
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subgroups, i.e., the hydroxybenzoic and 
hydroxycinnamic acids (table 1 and table 2). 
Hydroxybenzoic acids include gallic, p-
hydroxybenzoic, protocatechuic, vanillic and 
syringic acids, which in common have the C6–C1 
structure. Hydroxycinnamic acids, on the other hand, 

are aromatic compounds with a three-carbon side 
chain (C6–C3), with caffeic, ferulic, p-coumaric and 
sinapic acids being the most common(Knekt P et 
al.,,1997). 
 
 

 
Table 1: Polyphenolic Compound Structure Of Pomegranate Juce  

                                
 
 
 
 
 
 
 
 

Entry Chemical Class Compound structure 
Plant part: J(juice), L(leaf), 
S(seed), B(bar of tree), R 

(bar of tree root)  

1 Hydroxybenzoic acid s 

2 Hydroxycianamic acid jp 

3 Hydroxycianamic acid jp 

5 Cyclitol carboxylic acids jp 

6 
Cyclitol carboxylic acids and 

their salt 
O

HOOC

O

O

HO

HO

KO3SO

jp 

7 Flavan- 3-ols jp 

8 catechin jp 

9 epicatechin jp 
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Table 2: Classes of phenolic compounds in plants 
Class Structure 
Hydroxybenzoic acids C6–C1 
Acethophenones, phenylacetic acids C6–C2 
Hydroxycinnamic acids, phenylpropanoids (coumarins, isocoumarins, chromones, chromenes) C6–C3 
Napthoquinones C6–C4 
Xanthones C6–C1–C6 
Flavonoids, isoflavonoids C6–C3–C6 
Lignans, neolignans (C6–C3)2 
Biflavonoids (C6–C3–C6)2 
Lignins (C6–C3)n 
Condensed tannins (proanthocyanidins or flavolans) (C6–C3–C6)n 
 
Material and Method 
 
 The antioxidant capacity of pomegranate juice 
(PJs) obtained from Saveh Black Leather cultivar 
were determined by “ferric reducing antioxidant 
power” (FRAP) assay. Antioxidants is usually 
carried out by determination of their profile as chain-
breaking antioxidants, by the evaluation of their 
direct free radical-scavenging activity as hydrogen- 
or electron-donating compounds.The structure of 
phenolic compounds is a key determinant of their 
radical scavenging and metal chelating activity, and 
this is referred to as structure–activity relationships 
(SAR). In the case of phenolic acids for example, the 
antioxidant activity depends on the numbers and 
positions of the hydroxyl groups in relation to the 
carboxyl functional group  .Approximately 5 kg of 
pomegranate fruit was sampled cultivar Saveh Black 
Leather pomegranate. After discarding injured and 
sunburnt fruits, pomegranate fruits were peeled and 
the skins covering the seeds were removed manually. 
The juice of the seeds was extracted with a pilot 
plant packaged-type press (Bucher, Switzerland). 
The juices were kept at -20 C0 until analyzed for no 
longer than three months. Before  the experiments, 
PJs were defrosted and then centrifuged at 4000 g for 
15 min at +4C0 in order to remove water insoluble 
particles(Hertog M, et al., 1993 and Bent H. 
Havsteen ,2002).  
 
Chemicals: 
 
1,1-Diphenyl-2-picryl hydrazyl (DPPH) and 
quercetin were purchased from Sigma Chemical Co. 
(St., Louis, USA). Gallic acid, Folin Ciocalteu 
reagent, trifluoroacetic acid (TFA)  and methanol 
were purchased from Merck Co. (Germany). 
 
Sample Preparation Of Peel: 
 
 The pomegranate peel samples were first 
ground to fine powder. For water extraction, 0.5 g of 
the fine powder was extracted with 10 ml of ultra-
filtered water at 100 °C for 30 min in a water bath. 
For methanol extraction, 0.5 g of the powder was 
extracted with 10 ml of 80% methanol at 40 °C for 
24 h. The samples were then cooled down to room 
temperature and centrifuged at 4500  rpm  for  

15 min. The supernatant was recovered and used for 
the DPPH assay and total phenolic analysis. We used 
HPLC analyzing for polyphenol types determination. 
 
Determination Of Total Phenolic Content: 
  
 The total phenolic content of the  pomegranate 
peel  Extracts and juice  was determined using the 
Folin- Ciocalteu reagent.The reaction mixture 
contained: 200 μl of diluted peel extract and juice, 
800 μl of freshly prepared diluted Folin Ciocalteu 
reagent and 2 ml of 7.5% sodium carbonate. The 
final mixture was diluted to 7 ml with deionized 
water. Mixtures were kept in dark at ambient 
conditions for 2 h to complete the reaction. The 
absorbance at 765 nm was measured. Gallic acid was 
used as standard and the results were expressed as 
mg gallic acid (GAE)/g  peel extract and juice. 
 
Determination Of Total Flavonoid Content: 
 
 Total flavonoid content was determined using 
aluminium chloride (AlCl3) according to a known 
method, using quercetin as a standard. The plant 
extract  and juice (0.1 ml) was added to 0.3 ml 
distilled water followed by 5% NaNO2 (0.03 ml). 
After 5 min at 25°C, AlCl3 (0.03 ml, 10%) was 
added. After further 5 min, the reaction mixture was 
treated with 0.2 ml of 1 mM NaOH. Finally, the 
reaction mixture was diluted to 1 ml with water and 
the absorbance was measured at 510 nm. The results 
were expressed as mg quercetin (QE)/g peel extract 
and juice. 
 
Antioxidant Activity: 
 
Determination Of The Antioxidant Activity By FRAP 
Assay: 
 
 The FRAP assay proposed by Benzie and Strain  
was modified to be performed in 96-well 
microplates. Briefly, to prepare the FRAP solution, 
10 ml of acetate buffer 300 mM, adjusted to pH 3.6 
by the addition of acetic acid, was mixed with 1 ml 
of ferric chloride hexahydrate 20 mM dissolved in 
distilled water and 1 ml of 2,4,6-Tris(2-pyridyl)-s-
triazine (TPTZ) 10 mM dissolved in HCl 40 mM. In 
96-well microplates, 25 μl of the substance under 
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investigation dissolved at different concentrations in 
the range 10–200 μM was placed in quadruplicate. 
All substances were dissolved in methanol, except 
for apigenin, which was dissolved in NaOH 0.02 M. 
FRAP solution (175 μl) freshly prepared and warmed 
at 37 °C was added to three of these samples, while 
the same volume of acetate buffer was added to the 
fourth one (blank). The absorbance at 595 nm was 
monitored by a microplate reader (Bio-Rad, model 
3550) at different time intervals for up to 150 min. 
The absorbances of the blanks and that of the mixture 
of 175-μl FRAP solution plus 25-μl methanol were 
subtracted from the absorbances of the samples at 
each time interval to calculate the absorbance change 
(ΔA). All substances were tested at least in triplicate 
at 37 °C as described above. 
 The FRAP value at time interval t (FRAP 
valuet) was calculated according to the formula: 
 

2 5
t t tFRAPvalue (M) ( a Fl / a fe )*10     

 
 where ΔatFl is the absorbance change after the 
time interval t (4 and 60 min) relative to the tested 
flavonoid at the concentration of 1×10−5 M and 
ΔatFe2+ is the absorbance change at the same time 
interval relative to ferrous sulfate at the same 
concentration.  
 
Ab Initio  Calculations: 
 
 Ab initio molecular orbital calculations—full 
geometry optimization and calculation of the 
harmonic vibrational frequencies—were performed 
using the GAUSSIAN 98W program, within the 
density functional theory (DFT) approach. The 
widely employed hybrid method denoted as B3LYP  
and, which includes a mixture of HF and DFT 
exchange terms and the gradient-corrected 
correlation functional of Lee et al.,. and, as proposed 
and parameterized by Becke and, was used along 
with the double-zeta split valence basis sets 6-31G* 
and 6-31G**. Molecular geometries were fully 
optimized by the Berny algorithm, using redundant 
internal coordinates: the bond lengths to within ca. 
0.1 pm and the bond angles to within ca. 0.1°. The 
final root-mean-square (rms) gradients were always 
less than 3 × 10−4 Hartree.bohr−1 or Hartree.rad−1. No 
geometrical constraints were imposed on the 
compounds under study. 
 The calculation procedures are as follows. First, 
the geometries of Benzoic acid, Gallic acid, Vanillic 
acid  and Flavone were fully optimized by DFT and 
B3LYP functional  with 3–21G,6-31G and 6-31g(d), 
Gaussian basis set . Also, we calculated NMR 
chemical shielding tensors data that shown in Table 
2.  
 If  ׀σ11-σiso׀ ≤ ׀σ33-σiso׀ , ∆σ, Chemical Shift 
Anisotropy, η, Asymmetry Parameter, Ω, Shielding 

Tensor Anisotropy for molecule and κ, slop are 
shown as below: 
 

∆σ = σ22 -     (4) 
 

η=      (5) 
 
δ=σ11-σiso     (6) 
 
but if  ׀σ11-σiso׀ ≥ ׀σ33-σiso׀ : 
  
∆σ=σ33-         (7) 
 

 
      (8) 
  

δ=σ33-σiso     (9)  
 
Ω = σ33-σ11     (10) 
 
κ =       
 
 Chemical shifts of the considered compounds 
were calculated at the same level using the Gauge-
Included Atomic Orbital (GIAO) approach 
(Metropolis N et al., ,1953 and  Tiana G et al., 2007).  
 
Results and Discussions  
 
 Monohydroxy benzoic acids with the –OH 
moiety at the ortho- or para-position to the –COOH 
show no antioxidant activity, though the same is not 
true for the m-hydroxybenzoic acid. The antioxidant 
activity of phenolic acids increase with increasing 
degree of hydroxylation, as is the case of the 
trihydroxylated gallic acid, which shows a high 
antioxidant activity. However, substitution of the 
hydroxyl groups at the 3- and 5-position with 
methoxyl groups as in syringic acid reduces the 
activity .results of SAR were in good agreement with 
FRAP assay results. 
 we calculated NMR chemical shielding tensors 
data that shown in Table 2.the figure of isotropic 
determinant for Benzoic acid ,denoted that the most 
chemical shift is  belong to oxygen atom numer 8 . it 
shows ,  the oxygen atom is the very sensitive  part of 
Bnzoic acid which located  in chemical 
reaction.isotropic shielding show the tensor, 8th 
atoms in Benzoic Acid have more electronic density 
than other atoms.8th atoms are characterized in (Fig 
1-5 and table 2). 
 Turning point in the  oxygen atom number 8 
can be seen. This spot is right in that  the atomic  is 
that has  the most chemical shift.in the range of 8th 

atom, the atomic charge is strongly negative, which  
the chemical shift  caused this properties.the figure of 
isotropic determinant for gallic acid ,denoted that the 
most chemical shift is  belong to oxygen atoms 
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numer 5,7,9,11and 12 . it shows ,  the oxygen atoms 
is the very sensitive  part of Gallic acid which 
located  in chemical reaction.isotropic shielding 
show the tensor, 5th, 7th , 9th  , 11th and 12th atoms in 
Gallic acid have more electronic density than other 
atoms.8th atoms are characterized in (Fig1-5 and 
table 2 ).Turning point in the  oxygen atom number 
5,7,9 ,11and 12  can be seen. This spot is right in that  
the atomic  is that has  the most chemical shift.in the 
range of 5th, 7th , 9th  , 11th and 12th atoms, the atomic 
charge is strongly negative, which  the chemical shift  
caused this properties.the figure of isotropic 
determinant for vanillic  acid ,denoted that the most 
chemical shift is  belong to oxygen atoms numer 
5,8,11and 12 . it shows ,  the oxygen atoms is the 
very sensitive  part of Gallic acid which located  in 
chemical reaction.isotropic shielding show the 
tensor, 5th, 8th , 11th  and 12th atoms in vanillic acid 
have more electronic density than other atoms.8th 
atoms are characterized in (Fig1-5 and table 2 ) 

.Turning point in the  oxygen atom number 5,8,11and 
12  can be seen. This spot is right in that  the atomic  
is that has  the most chemical shift.in the range of 5th, 
8th , 11th  and 12th atoms, the atomic charge is 
strongly negative, which  the chemical shift  caused 
this properties.the figure of isotropic determinant for 
flavone ,denoted that the most chemical shift is  
belong to oxygen atoms numer 4, and 11 . it shows ,  
the oxygen atoms is the very sensitive  part of 
flavone which located  in chemical reaction.isotropic 
shielding show the tensor, 4thand 11th atoms in 
flavone have more electronic density than other 
atoms. 4thand 11th  atoms are characterized in Fig 
.Turning point in the  oxygen atom number 5,7,9and 
10  can be seen. This spot is right in that  the atomic  
is that has  the most chemical shift.in the range of 5th, 
7th , 9th  and 10th atoms, the atomic charge is strongly 
negative, which  the chemical shift  caused this 
properties(Fig1-3 and table 6-9). 
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Fig. 1: Isotropic  Determinant  Versus  Number Of Atom 
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Fig. 2: atomic charge versus  number of atom 
 
 
 
 
 
 
 
 
 



2692 
Adv. Environ. Biol., 5(9): 2687-2696, 2011 

 

 

27; 7.3659

‐800

‐600

‐400

‐200

0

200

400

0 5 10 15 20 25 30

Δ
σ

atomic number

Flavone

Series1

20; 6.2968

‐500

0

500

0 5 10 15 20 25A
xi
s 
Ti
tl
e

Axis Title

vanillic acid

18; 13.8924

‐400

‐200

0

200

400

0 5 10 15 20A
xi
s 
Ti
tl
e

Axis Title

Gallic acid

15; 8.7083

‐600

‐400

‐200

0

200

400

0 5 10 15 20

A
xi
s 
Ti
tl
e

Axis Title

Benzoic acid

 

Fig. 3: Δσ(changes of chemical shift anisotropy) versus to number of atom 
 

 
Each value in the table was obtained by calculating average of three experiments ą standard deviation. 

 
Table 4:  Total phenolic ,flavonoids contents and antioxidant activities of methanol and aqueous extract of Stachys inflata 

Variety:malas  
pomegranate 

Phenolic content(mg 
GAL/g) 

Flavonoids 
content((QE)/g)

Antioxidant activity
By DPPH (Inhibition%)

Antioxidant (FRAP -
mmol/l) 

juice 79.2±0.04 36.7 ± 0.05 48.3±0.15 6.3 ± 0.4 
Peel  extract 271.4±15.2 83.2±3.8 32 ±0.15 31.08 ± 0.53 

Each value in the table was obtained by calculating average of three experiments ą standard deviation. 

 
Table 5: Total phenolic ,flavonoids contents and antioxidant activities of methanol and aqueous extract of Stachys inflata 

Variety:saveh black Phenolic content(mg 
GAL/g) 

Flavonoids 
content((QE)/g)

Antioxidant activity
By DPPH (Inhibition%)

Antioxidant 
(FRAP:mmol/l) 

Juice 40.2±0.1 16.4 ± 2.5 ±0.15 3.9 ± 0.4 
Peel  extract 283.2±14.2 69.2±4.2 ±0.15 ± 0.53 

Each value in the table was obtained by calculating average of three experiments ą standard deviation. 
 
Table 6: NMR chemical shielding tensors data of polyphenol compound(Benzoic acid) 

C
om

po
un

d
 

NMR Values 

Number 
Of  

Atom 

Isotropic 
determinant 

Atomic charge ∆σ 
 

η δ isotropic anisotropy 

B
en

zo
ic

 A
ci

d
 

C1 -7.3659e+005 0.947310 -173.5991 0.2209 -115.7327 47.5448 105.9766 

C2 5.3550e+004 -0.264433 148.2873 0.7631 98.8582 90.5533 148.2874 
C3 -2.4462e+005 -0.238391 0.3639 0.6615 124.0791 84.6172 186.1186 
C4 -1.7757e+005 -0.173594 176.8652 0.7308 117.9102 90.6455 176.8652 
C5 -3.1457e+005 -0.221033 186.4425 0.71892 124.2817 84.1758 186.4225 
C6 -1.3635e+005 -0.231962 173.3202 0.7474 115.5468 92.5290 173.3203 
C7 -3.9836e+004 -0.229063 168.2607 0.7442 112.1739 93.7602 168.2608 
O8 3.9945e+007 -0.590625 -389.0352 1.8622 -327.867 -112.5594 703.8381 

O9 3.1962e+006 -0.703901 123.299 2.6500 82.1994 193.0609 123.2991 

H10 1.4047e+004 0.295833 5.4666 1.388 3.644 24.3587 5.4666 
H11 1.6646e+004 0.256127 2.6101 2.4664 1.7401 25.6264 2.6102 
H12 1.6489e+004 0.256363 2.5339 1.9854 1.6893 25.5190 2.5339 
H13 1.6999e+004 0.253788 20.8399 2.2616 1.8921 25.8100 2.8381 
H14 1.7385e+004 0.237558 4.8859 1.1958 3.2573 26.0575 4.8860 
H15 1.8074e+004 0.406022 8.7083 1.3205 5.8055 26.7163 8.7083 

  
Table 6: NMR chemical shielding tensors data of polyphenol compound(Gallic acid) 

Basis set Benzoic acid

 Hf energy Dipole moment Quadropole moment 

Table 3: total : Total phenolic ,flavonoids contents and antioxidant activities of juice and aqueous extract of pomegranate 
Variety:wild (soar shomal) Phenolic content(mg GAL/g) Flavonoids 

content((QE)/g) 
Antioxidant activity

By DPPH (Inhibition%) 
Antioxidant 

(FRAP) 

juice 92.2±0.04 36.7 ± 0.05 48.3±0.15 31.0787 ± 
0.5319 

peel extract 33.2±0.04 11.2±0.03 32.12 ±0.15 31.08 ± 0.53 
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3-21G -415.969154 5.6635 155.2073 

6-31G -418.1325531 6.2008 132.1301 
6-31G(d) -418.3029791 3.5736 228.347

 
Table 7: NMR Chemical Shielding Tensors Data Of Polyphenol Compound 

C
om

po
un

d
 

NMR Values 
 

Number 
Of  

Atom 

 
Isotropic 

Determinant 

 
 

Atomic 
Charge 

 
 
∆σ 
 

 
 
η 

 
 
δ 

 
 

Isotropic 

 
 

Anisotropy 

G
L

lI
C

A
C

ID
 

C1 -6.6055e+005 0.934132 -169.3348 0.2816 -112.8911 44.1214 108.5174 

C2 3.0452e+003 -0.262385 132.0050 0.4115 166.2029 100.7869 132.0051 

C3 3.3521e+005 -0.210709 136.0303 0.8226 90.6869 101.3509 136.0303 

C4 7.2066e+004 0.362160 124.5056 0.6398 19.9239 74.7732 124.5056 

O5 1.8324e+007 -0.708241 29.8858 2.5405 83.8031 264.8505 29.8859 

C6 1.2296e+005 0.379788 125.7346 0.4309 69.5794 74.9462 125.7346 

G
L

lI
C

A
C

ID
 

O7 1.9841e+007 -0.719800 104.3691 0.4465 79.045  274.8060 104.3692 

C8 5.9434e+004 0.323303 118.5675 0.8447 24.7852  78.0975 118.5675 

O9 2.3360e+007 -0.749316 37.1778 1.5787 88.3934 286.8628 37.1778 

C10 5.9234e+005 -0.222429 132.5871 06558 88.3934 106.4355 132.5872 

O11 2.3865e+007 -0.623246 -357.2589 2.3714 -238.1726 -69.9972 602.2469 

O12 3.6390e+006 -0.714049 174.521 1.4271 116.0344 188.5810 174.0516 

H13 1.6303e+004 0.283800 5.4443 1.8606 3.6295 25.6514 5.4443 

H14 2.2427e+004 0.391886 16.2440 0.5761 10.8294 29.2686 16.2441 

H15 1.6196e+004 0.422834 15.3816 1.3499 9.9211 26.9598 14.8817 

H16 2.2735e+004 0.409610 17.5137 0.4767 11.6758 29.4979 17.5137 

H17 1.6792e+004 0.287023 6.0792 1.6308 4.0528 25.9220 6.0793 

H18 1.8774e+004 0.415641 13.8924 0.2633 9.2616 27.2961 13.8925 

 
Table7: NMR chemical shielding tensors data of polyphenol compound(Gallic acid) 

Basis set Gallic acid 

 Hf energy Dipole moment Quadropole moment 

3-21G -639.3008011  3.7712   15.8119   

6-31G -646.2721764  3.2179   -78.9665   

6-31G(d) -639.302699  3.5736   49.8228   

 
Table 8: NMR chemical shielding tensors data of polyphenol compound(Vanilic acid) 

C
om

po
un

d
 

NMR Values 
 

Number 
Of  Atom 

 
Isotropic 

Determinant 

 
Atomic Charge 

 
∆σ 
 

 
η 

 
δ 

 
Isotropic 

Anisotropy 

V
an

il
ic

 a
ci

d
 

C1 -3.2643e+005 0.669122 77.5155 2.4018 51.675 51.1019 77.5125 

C2 3.3761e+005 -0.129513 120.7721 0.6976 80.5151 92.5258 120.7722 

C3 6.9242e+005 -0.237533 121.0556 0.6744 80.038 106.8726 121.0557 

C4 1.4839e+005 0.333661 98.6577 0.4331 65.7718 67.7475 98.6577 

O5 1.3141e+007 - 0.538989 104.2196 1.6215 69.4798 244.9220 104.2196 

C6 3.2372e+006  -0.335782 67.6283 0.2228 45.0855 151.0902 67.6283 

C7 6.8428e+004 0.289084 111.3477 0.5298 74.2319 64.6693 111.3478 

O8 9.3371e+006 -0.581341 55.3594 1.4602 36.9063 213.4417 55.3594 

C9 5.3478e+005 -0.208201 109.1426 0.9111 72.2617 100.8907 109.1426 

C10 1.0926e+005        -0.164598 149.3941 0.8427 99.5961 91.7648 149.3942 

O11 2.3779e+007 -0.164598 -452.6940 1.7183 -301.796 -80.6647 614.7209 

O12 -2.4272e+005   -0.471991 40.3954 3.2933 70.925 157.1865 136.4439 

H13 1.9390e+004  -0.561490 7.9474 0.7424 5.2816 27.1636 7.9225 
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H14 2.2253e+004 0.230444 3.0241 0.4967 6.0482 28.4542 9.0723 

H15 2.4209e+004 0.201707 8.5566 0.1834 5.7044 29.1915 8.5566 

H16 2.4405e+004 0.193669 8.5292 0.2280 5.6861 29.2682 8.5293 

H17 2.2535e+004 0.360516 12.3884 0.4739 8.259 28.8499 12.3884 

H18 1.9636e+004 0.188523 3.2695 2.0086 2.1797 27.0852 3.2694 

H19 1.6039e+004 0.220285 4.2846 1.9393 2.8564 25.4083 4.2846 

H20 1.8425e+004 0.360856 6.2968 1.6677 4.1979 26.6536 6.2968 

 
Table 8: NMR chemical shielding tensors data of polyphenol compound(Vanilic acid) 

Basis Set Vanillic acid

 Hf energy Dipole moment Quadropole moment

3-21G -607.1762266 4.5343 1.4447e+003 
6-31G -606.7675948 4.3621 1.6347e+003 

6-31G(d) -607.0248496 4.4324 1.5366e+003 

 
Table 9: NMR chemical shielding tensors data of polyphenol compound(Flavone) 

C
om

po
un

d
 

NMR Values 

Number 
Of  Atom 

 
Isotropic 

Determinant 

 
Atomic Charge 

 
 
∆σ 
 

 
 
η 

 
 
δ 

 
 

Isotropic 

 
 

Anisotropy 

F
la

vo
ne

s
 

C1 -4.4630e+005 0.480733 115.1584 1.5925 76.7723 58.0030 115.1585 

C2 8.1117e+005 -0.345939 104.1978 1.1781 39.3641 112.5152 104.0461 

C3 -2.6702e+005 0.604482 -162.6926 1.2272 -108.4617 35.9112 181.1821 

O4 9.3532e+007 -0.627286 -719.2001 1.5583 -479.4667 -198.8253 919.9772 

C5 3.6416e+005 -0.212979 151.8648 0.2891 101.2432 95.3521 151.8648 

C6 -1.8594e+005 -0.173216 184.4643 0.6426 122.9762 87.4610 184.4643 

C7 -2.8143e+004 -0.249661 167.7647 0.7508 111.8423 96.2638 167.7647 

C8 2.8262e+005 -0.213038 182.7571 0.7246 121.8381 83.8955 182.7571 

 C9 3.4320e+005 -0.258422 142.4459 0.7331 94.964 101.8076 142.4459 

C10 -1.4808e+005 0.418416 128.9149 0.9088 85.9433 65.4854 142.4459 

O11 6.5781e+006 -0.790383 211.8406 0.1720 141.2271 65.4854 128.9150 

C12 4.0802e+004 -0.168316 153.94 0.6973 102.6267 208.3286 211.8407 

C13 -1.4716e+005 -0.186622 179.9957 0.6574 119.9972 89.8712 153.9400 

C14 -1.8384e+005 -0.236106 174.0539 0.7725 116.036 89.1868 179.9958 

C15 -2.6425e+005 -0.226657 182.4639 0.7225 121.3393 86.1246 182.0090 

C16 -1.6265e+005 -0.233253 173.3536 0.7632 115.5691 91.8551 173.3536 

C17 -1.3665e+005 -0.211100 172.3532 0.7435 114.9022 91.5356 172.3532 

H18 1.7976e+004 0.271943 5.9773 1.7300 3.9849 26.5116 5.9773 

H19 1.3847e+004 0.294273 5.1323 1.8756 3.4215 24.2893 5.1323 

H20 1.6948e+004 0.250965 3.5158 2.0637 2.3439 25.8212 3.5159 

H21 1.6255e+004 0.256644 3.3178 1.7876 2.2119 25.4341 3.3178 

H22 1.6810e+004 0.268000 5.2271 0.7190 8.1611 25.8560 5.2271 

H23 1.3698e+004 0.280195 9.3351 1.0669 6.2234 24.4895 9.3351 

H24 1.6721e+004 0.248163 3.4100 1.9703 2.2734 25.6915 3.4100 

H25 1.6666e+004 0.250835 2.3339 2.8074 1.4538 25.6212 2.1808 

H26 1.6768e+004 0.250457 3.4084 1.9500 2.2723 25.7137 3.4085 

H27 1.5084e+004 0.257874 7.3659 1.1140 4.9104 25.0566 7.3659 
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Table 9:  NMR chemical shielding tensors data of polyphenol compound(flavone) 
Basis set FLAVONE

 Hf energy Dipole moment Quadropole moment

3-21G -723.5775433 4.6066 4.5433e+003

6-31G -723.3025719 4.5802 5.5251e+003

6-31G(d) -723.5775433 4.6066 4.9597e+003

 
Conclusion: 
 
 Phenolic compounds have been associated with 
the health benefits derived from consuming high 
levels of fruits and vegetables [10]. In conclusion, 
the antioxidant activities of different flavonoids from 
various subclasses were measured by the FRAP 
assay were determined [7,11]. A good correlation 
was observed between the FRAP assay and SAR 
activity. Most of the polyphenols tested in this study 
showed to be active compared to known antioxidants 
resveratrol, Trolox. Hydroxyl groups and especially 
catechol moiety, 3-OH and 2,3-double bond showed 
to be the most important factors in determining high 
antioxidant activity [6]. However, the possibility of 
hydrogen bond interactions between hydroxy groups 
as donators and 4-oxo moiety as acceptor  or kinetic 
factors, which may influence the antioxidant activity, 
should also be considered [12]. These compounds, 
which can be absorbed in the gastrointestinal tract  
and seem to be directly involved in the in vivo 
antioxidant defences, may have potential therapeutic 
effects in diseases in which oxidative stress is 
involved [13,14]. Computational chemistry methods 
are one of the most powerful tools to achieve 
advances in this field, and several studies may be 
found in the literature on this subject. They provide 
very valuable information at moderate economical 
costs, prior to time–consuming and expensive 
experimental or clinical studies, and allow inferring 
the effects of different molecular features on 
compounds’ properties. Phenolic acids present in 
plants are hydroxylated derivatives of benzoic and 
cinnamic acids. Flavonoids and phenolic acids have 
many functions in plants.Structurally, phenolic 
compounds comprise an aromatic ring, bearing one 
or more hydroxyl substituents, and range from 
simple phenolic molecules to highly polymerised 
compounds. This research showed oxygen atoms 
have very important role in these molecules. 
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