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ABSTRACT

Pomegranate is widely known to exhibit anti-viral, anti-oxidant, anti-cancer and anti-proliferative properties. The anti-
oxidants like catechin, myricetin and quercetin in High Yield Polyphenolic Extract (HYPE) from agro waste of P.granatum
with the aim of developing a rapid RP-HPLC method for detection of each and estimation of the anti-oxidants in HYPE extract.
The samples were analysed using a HPLC system, standard solution and sample, a photo diode array detector, Cjganalytical
column (4.6mm ¢ x 25. mm, Sum particle size). The Chromatographic analysis of HYPE sample and standards were performed
using gradient elusion with acetonitrile, water and phosphoric acid. Optimal detection of quantification was set to 272nm.
Calibration exhibited good linearity R” > 0.999 ,accuracy and repeatability yielded good results of R.S.D <2.2% and recovery
(85.7149-99.7385%).The extract of peel powder was found to contain catechin 115mg gm™ , quercetin 18.3mg gm™ and
myricetin 1.5 mg gm™ .The method was robust in detecting the three flavonoids within 12 minutes of elusion time with good
resolution. Therefore we report a report an efficient and simultaneous estimation and detection of flavonoids in HYPE extract.
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INTRODUCTION

Pomegranates (Punica granatum L.) have been
used extensively in folk medicine of varied cultures across
the world. Pomegranate peel is the main waste fraction of
pomegranate fruit, which has been widely studied because
it contains numerous biologically active compounds
including natural antioxidants such as phenolic acids and
flavonoids. It is widely reported that pomegranate exhibits
anti-viral, anti-oxidant, anti-cancer and anti-proliferative
activities (Kidd PM, 2009; Weichselbaum E, Buttriss JL,
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2010; Ahn JG et al., 2004; Yunfeng Li CG et al., 2006).
Pomegranate is consumed fresh and in processed in forms
such as juices, wines, flavours and extracts. Commercial
pomegranate juice has the highest antioxidant activity
compared to other fruit juices, red wine and green tea. The
pomegranate antioxidant activity is typically higher in
commercial juices extracted from whole pomegranates
than in experimental juices obtained from the arils only.
This can be attributed to its high content of polyphenols
such as condensed tannins and anthocyanin’s in the peel. It
has been reported that the peel in particular possesses
relatively higher antioxidant activity than seed and pulp
and therefore is a rich source of natural antioxidants (Qu W
PZ et al., 2009; Wenjuan Qu ZP, Haile Ma, 2010; Rice-
Evans CA et al, 1996). Phenolic compounds have
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attracted more and more attention for their anti-oxidant and
beneficial health promoting effects in chronic and
degenerative diseases (Lodovici M GF et al., 2001; Riaz
Ahmad Rather SC, Rajagopal K, 2010; Hee Kee Kima
BSC et al., 1999; Srinivas KVNS et al., 2003). Flavonoids
are polyphenolic compounds, widely found in the plant
kingdom. In the recent years, scientists have carried out
extensive research on biological activities of flavonoids
such as antibacterial, antifungal, anti- cancer and anti-
inflammatory effects. Flavonols and flavones are of
particular importance as they are found to possess anti-
oxidant and free radical scavenging ability(Hisashi
Matsuda YP et al., 2003; Toshio Aoki TA, Shin-ichi A,
2000; Lapornik B PM, Wondra AG, 2005; Landbo AK
MA, 2001). For instance, the use of agricultural wastes
such as wine-making wastes as an alternative low-cost
source of phenolic compounds has been on the increase.
Among the flavonoids studied in our experiment, quercetin
and myricetin are flavonols and catechin is flavan 3-ol and
has been reported to possess several biological activities
(Zu Yuan gang Fu Y-jL et al., 2006; Celia M et al., 2013;
Yasunori HTI et al., 2006). Sample extraction procedure is
often regarded as a bottleneck in analytical methods.
Classical sample preparation techniques are both time and
solvent consuming. Therefore, the importance of sample
preparation in analytical methods should not be
undermined. Isocratic elution in HPLC often increases both
time and solvent consumption during analysis (Pinelo-
Jiménez MM, Anne S, 2008). Complex polysaccharides
from pomegranate peel have been studied and
characterized. Phenols have been reported to be linked
with polysaccharides by hydrophobic and hydrogen bond
that creates a challenge for extraction. Cell wall degrading
enzymes (cellulase and pectinase) have been reported to be
used to decompose the structure of polysaccharides in
order to increase the yield of extracts. Pectinolytic and
cellulolytic preparation have been reported to increase the
yield more than 30% in fruit processing industry (Jahfar
KKV and Azadi P, 2003; Lee LGC et al., 2010; Jafri MA
et al., 2000). In this study a new simple validated method
using RP-HPLC with PDA for the simultaneous
determination of flavonoids catechin, myricetin and
quercetin in the High Yield Polyphenolic Extract (HYPE)
of an agro waste of pomegranate obtained after soxhalation
of pectinolytic and cellulolytic enzyme pre-treated material
was developed. The simultaneous determination of
polyphenols namely quercetin, catechin and myricetin has
been used to develop an optimized technology for the High
Yield Polyphenolic Extract (HYPE) of peels of
P.granatum.

MATERIALS AND METHODS

All the biomarkers were purchased from Sigma
(USA). All technical grade solvents were procured from
SD fine chemicals Mumbai (India). Peels of P.granatum
were obtained from local markets, Mumbai. All HPLC

grade and technical grade solvents were procured from SD
fine chemicals (India).

Standard solutions

All the standard solutions were prepared in
methanol to give a concentration of 10ug/ml. All the
solutions were stored in dark at 4°C. The HPLC analysis
indicated that these solutions were stable for 2 months.
Standard quercetin, catechin and myricetin solution was
mixed in equi-proportion (Iml each of 10ug/ml solution)
to give 10pg/ml solution of standard mixture of
polyphenols. The final solution of standard polyphenol
mixture was made in the range of 20-15000ng/ml.

High Performance Liquid Chromatographic (HPLC)
conditions

The chromatographic system (Jasco) consisting of
a PDA detector was used. A reverse phase Qualisil BDS-
Ci column (4.6mm ¢ x 25. mm)packed with Spm
diameter particles was used. In order to estimate the three
polyphenols  simultaneously a  gradient  phase
chromatographic method was developed. In the course of
experiments, different ratios of acetonitrile-water in
isocratic system were studied and the effect of o-
phosphoric acid to regulate the pH value was examined.

OPTIMIZATION OF EXTRACT PREPARATION
Macerate (1)

The powder of P.granatum (Mesh 40#) peel was
stirred with methanol, filtered and concentrated under
vacuum.

Pre-treated enzymes macerate (11)

The peel powder of P.granatum (Mesh 40#) was
stirred with acetate buffer and pectinolytic and cellulolytic
enzyme preparation. The solution was evaporated under
vacuum. Then dried residue of powder and enzyme were
stirred, filtered and concentrated under vacuum.

High Yield Polyphenolic Extract (HYPE) of P.
granatum (I11)

The peel powder of P.granatum (Mesh 40#)was
stirred with acetate buffer and pectinolytic and cellulolytic
enzyme preparation. The solution was evaporated under
vacuum. Then dried residue of powder and enzyme were
taken in Soxhlet apparatus, filtered and concentrated under
vacuum.

RESULTS AND DISCUSSION
Monitoring for method optimization of extract
preparation by gradient RP-HPLC

The critical step in the quantification of
flavonoids in an agro waste of Punica granatum is the
sample extraction. The extraction must enable the complete
extraction of biomarkers to be analyzed. Three different
extraction methods i.e. maceration, maceration with
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enzymes cellulase and pectinase and soxhalation of pre-
treated plant material with cellulolytic and pectinolytic
preparation were selected for an optimum method of
extraction of flavonoids from an agro waste of Punica
granatum. The determination of the yield of all flavonoids
by extraction was carried out by using a developed and
validated gradient RP-HPLC. The results are shown in
Fig.l. The data revealed that the yield by maceration was
low and by soxhalation of pre-treated sample with
cellulolytic and pectinolytic enzymes was higher.

Optimization of chromatographic condition (gradient RP-
HPLC)
Effect of mobile phase

Catechin, quercetin and myricetin are polar
compounds and polar mobile phase like methanol - water,
acetonitrile - water system were chosen in the beginning
with various proportions (A) and (B) but separation was
not satisfactory. In all the isocratic systems the interference
of the solvent peak was predominant and as a result the
retention time was recorded up to 25-28 min. In order to
separate the three polyphenols successfully within 12 min,
a gradient phase of chromatographic technique was
developed with the help of a PDA detector. Following
mobile phases were used for the study: Phase- A =
Acetonitrile, Phase -B = Acetonitrile: water (10:90) with
buffer to maintain pH = 3.20 (O-phosphoric acid). (Table
1)

The presence of acid in mobile phase can
significantly improve peak tailing and resolution. This also
acts as a buffer. Percent ionization of an analyte can
change its capacity factor and its solubility, so a pH of 3.20
was confirmed as per their retention time. Percent
ionization of catechin can be calculated from its pKa value.

Effect of detection wavelength

Quantification was carried out by the integration
of the peaks using external standard method.Selecting a
proper wavelength is of great importance to ensure that the
three polyphenols are detected precisely and to achieve the
goal of maximizing the absorption and minimizing the
interference. With PDA detector this problem was solved
and after a scan of optimal detection 272nm was selected
for quantification. Multiple wave length scanning
programs were used to detect several An. of different
components present in the mixture simultaneously. Figure
2 showing HPLC chromatogram of catechin, myricetin and
quercetin in gradient system.

Validation of assay using gradient RP-HPLC — System
suitability test

The HPLC method was validated by defining the
linearity, limits of detection, identification and
quantification of analytes, repeatability, precision, stability
and recovery. Three polyphenol standard solutions in the

concentration range 20-15000 ng/ml were prepared in
methanol and diluted with mobile phase -B (Acetonitrile;
water) along with buffer to maintain required pH by O-
phosphoric acid. LOD and LOQ values of individual
components were determined.The analytical method
demonstrated excellent sensitivity.

Reproducibility, linearity, limit of quantification and
detection

The peak area values were the average of the three
replicate injections. The result of calibration exhibits good
linearity (R? >.999) for all the polyphenols. The limit of
detection is defined as the smallest peak detected with a
signal height (signal to noise ratio) three times that of the
base line while limit of quantification value is often
calculated as 10 times the signal height to the base line.
Various chromatograms for the experiments are given
below in Table 2.
LOQ = LOD X10/3

Repeatability, Precision and Stability

The precision of the proposed method has been
reported as inter-day and intra-day precision that was
determined from relative standard deviation (RSD) for
retention time and peak area resulting from analysis of the
studied compounds. For the stability test retention time and
peak area of

Recovery / Accuracy

The recovery experiments of the three
polyphenols were carried out by adding the standard
polyphenols to the pre-analyzed samples .The polyphenols
were checked for the accuracy at concentration of 8,10,12
pg/ml. The recovery rate of the three polyphenols was
within the range of 85%-99%. Table 4.

Selectivity (Specificity)

Peak purity data revealed that the peaks of
catechin, quercetin and myricetin were sufficiently pure
ranging from 0.8999-0.9999.

Robustness

To evaluate the robustness of the method, the
influence of small and premeditated alteration of analytical
parameters on the quantification of the related substances
and selectivity was studied. The parameters selected were
mobile phase composition (2% of gradient composition),
pH of the mobile phase (£0.05 units), flow rate (£20%) and
wavelength (x2 nm). Only one parameter was changed
while the others were kept unaltered. The mean and R.S.D.
for each related substance were evaluated. The difference
between the mean values (for all the analytes from each of
the robustness parameters) from the repeatability mean
results was found to be below 10.0%. The studies indicated
no effect on the determination of related substances and the
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selectivity. Therefore the test method is robust for the
quantification of related substances.

Application of HPLC method in quantification of

polyphenols
Three different extracts A, B and C were injected
separately under the optimum conditions. The

chromatograms showed several unidentifiable peaks. The
extracts were passed through a C-18 cartridge to get a pure
form. The retention time of the unidentified peaks did not
overlay the peaks of the standard polyphenols. The
interference of these peaks did not influence the precision
and the validity of this analytical method. The sample
solutions of three different extracts A, B and C of Punica

Table 1. Gradient Programming details

granatum (Pomegranate) were injected directly and
separated under the optimum conditions. The extract C was
passed through a C-18 cartridge (solid-phase extraction) to
get a fraction with reduced interference. The concentration
of the three flavonoids was calculated according to their
calibration equations described above and the content of
these three flavonoids in dry material was calculated
according to the following equation-

Q=(CxV)/W

Q (png/g): the content of each flavonoid in dry matrices;

C (pg/mL): the concentration of each flavonoid in the
sample solution;

V (mL): the volume of the sample solution;

W (g): the weight of the dry matrices.

Timing Mobile phase Ratio (A,B) Response
0-5 min A(100): B(0) Linear gradient
5-15 min A (60%): B (40%) Linear gradient
15-20 min A (100):B(0) Re-equilibration

Table 2. HPLC Validation parameters

Polyphenols ralFligneezglt%l) C:(Iqil:);g(t)irc])n LOD (ug/ml) LOQ(ug/ml) Correlation factor (R?)
Catechin 95-15 HLoZTee 288 9504 0.99977
Quercetin 63-15 W rereL 192 6336 0.99988
Myricetin 73-15 43522‘;}2 * 222 7326 0.99985

N=6; C: the concentration of flavonoids standard (pug ml™). Table-3 summarizes LOD and LOQ values of individual

components and clearly indicates that the analytical method has excellent sensitivity

Table 3. Precision data for three flavonoids

Intra-day RSD
Analytes Inter-da_y RS.D for Inter-day RSD for retention Intra-day RSD for peak area
retention time for peak area time
Catechin 1.93 1.12 1.10 1.94
Myricetin .95 1.72 1.30 1.02
Quercetin 1.01 .98 1.10 1.65

Table 4. Recovery analysis of three standard polyphenols — catechin, myricetin and quercetin respectively in HYPE of
Pomegranate (Punica granatum)

Compounds Amount added(ug) Amount found % level Recovery (%) R.S.D
Catechin 12 11.9686 120 99.7385 0.2400
(1.15 pg) 10 9.7010 100 93.3496 0.0980

8 6.8572 80 85.7149 2.1965

Myricetin 12 11.8549 120 98.7909 0.0103
(015 p1g) 10 9.9217 100 99.2167 0.0057
' 8 7.7537 80 96.9213 0.1398
Quercetin 12 11.8549 120 97.2325 0.0593
(138 11g) 10 9.9217 100 97.0173 0.1024
' 8 7.7537 80 95.5170 1.0604

N= 3 average of three determination, value were expressed as + RSD
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Table 5. Quantitative analysis of the extracts
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Polyphenols Extract-1 (10pg/ml) Extract-11 (10pg/ml) Extract-111 (10pg/ml)
Catechin .65 ug .85ug 1.15 pg
Myricetin ND ND .015pg
Quercetin ND .06g .183ug

"ND = Not Detected
Figure 1. Extraction yield of various polyphenols (in microgram)
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Figure 2. HPLC chromatogram of catechin, myricetin and quercetin in gradient system
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Figure 3. HPLC chromatogram of Extract 111 (High Yield Polyphenolic Extract (HYPE) of P. granatum)
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This work describes a RP-HPLC method for the
simultaneous quantification of three flavonoids, i.e.
catechin, myricetin and quercetin in HYPE of Punica
granatum (Pomegranate). The enzyme assisted extraction
of peels of Punica granatum gave the highest extraction
yield compared to the other two extraction techniques i.e.
maceration and pre-treated enzyme maceration. The RP-
HPLC method was sensitive enough for the separation and
analysis of the three flavonoids. Good results were
obtained with respect to repeatability (relative standard
deviation (R.S.D.) <2.2%) and recovery (85.7 149-

99.7385%). The amount of catechin, quercetin and
myricetin present in the powder of peels of Punica
granatum (Pomegranate) were found to be 115, 18.3 and
1.5 mg gm™ of extract respectively. Validation statistics
showed that this method documents good sensitivity,
precision and repeatability. In Table 5 and Figure 3.
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