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Abstract
Background and Objective: Several plants have been commonly used in Thailand for health improvement, but the phytochemical
content and its bio-activities are not yet elucidated completely. The aim of this research was to study the influence of extraction method
on total phenolic content (TPC) and antioxidant activity of representative plants such as Punica granatum, Hibiscus sabdariffa, Cleistocalyx
operculatus (Roxb.) Merr.,  Clitoria ternatea Linn., Mulberry and Oryza sativa  L. indica. Methodology: The samples were subjected to
different extraction procedures. The TPC and phenolic compounds were determined by Folin-Ciocalteu colorimetric assay and HPLC,
respectively. The antioxidant capacity of the extracts was measured by 2, 2-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) and
ferric reducing antioxidant power (FRAP) assays and ferrous ion (Fe2+) chelating assay. Results: The maximum TPC was observed in
pomegranate peel (TTP) extract (0.1 M HCl: Ethanol extraction) and low TPC was recorded in aqueous extract of butterfly pea flower (BP)
samples.  The  high content of protocatechuic, p-hydroxybenzoic acid were observed in pomegranate seed and seed coat (TTS). Gallic
and syringic acids were found to be rich in pomegranate peel (TTP) and flower of  butterfly pea (BP), respectively. Roselle flower samples
(KJ) showed high content of chlorogenic, p-coumaric and caffeic acids. Conclusion: The maximum antioxidant activity was observed in
extracts obtained by 0.1 M HCl: Ethanol extraction methods, especially pomegranate peel exhibited high free radical scavenging activity
compared to that of the other samples. The results strongly revealed that the extraction method greatly influences the phytochemical
content and bioactivity and strongly recommends that any plant samples, intended to study, must undergo several extraction processes
to reveal the actual phytochemical content.
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INTRODUCTION

The present study focused on determining standard
extraction methods to obtain maximum phenolic compounds
and bioactivity from the commonly used plants in Thailand.
Polyphenols are extensively studied for their possible
applications  in  food  and  pharmaceutical  industries.
Polyphenols are derivatives of plant secondary metabolites
that are rich in vegetables, fruits, legumes and cereals. The
phenolic compounds (PCs) are classified as flavonoids and
non-flavonoids1.  Benzoic and cinnamic acids are the common
non-flavonoid compounds. Several hydroxybenzoic and
hydroxycinnamic acid derivatives were found to be reported
in plants. The derivative compounds are diverse in their R
groups. Gallic,  protocatechuic, syringic and p-hydroxybenzoic
acids are the derivatives of hydroxybenzoic acid. Chlorogenic,
caffeic, p-coumaric and ferulic acids are the derivatives of
hydroxycinnamic acid  (Fig. 1). The PCs are associated with
defense mechanism against invading pathogens and radiation
and are responsible for flavor, color, odor and acidity of foods2.
The studies revealed that PCs are protective against the
incidence and progress of diabetes, cancers, osteoporosis,
cardiovascular and neurodegenerative diseases3,4.

The reactive oxygen species (ROS) are the by-products of
cellular redox process and have both beneficial and
destructive role in human health status. A balance in the level
of ROS is very crucial. At the optimum level, ROS showed
positive effects on immune activity and redox signaling.
Whereas, at a high level, ROS cause oxidative stress and leads 

to cellular damage5,6. Oxidative stress is responsible for several
neurological, cardiovascular diseases and other disorders.
Lifestyle, pollution, smoking, drugs, chemical exposure and
stress are major reasons for the increase in oxidative stress.
The antioxidants are defensive molecules that acts against the
oxidative damages. The consumption of antioxidant-rich
foods helps to reduce the incidence of free radical-induced
damages and diseases by reducing free radical generation and
improve the antioxidant status. Antioxidant-based treatments
were used to treat the oxidative stress-related diseases7,8.

Punica  granatum  (Family:  Punicaceae),  Hibiscus
sabdariffa (Roselle, Family: Malvaceae), Cleistocalyx
operculatus (Roxb.) Merr. et L.M. Perry (Family: Myrtaceae),
Clitoria ternatea Linn. (butterfly pea, Family: Fabaceae),
Mulberry and  Oryza  sativa  L.  indica  (black rice variety) are
the commonly used plants in Thailand. The fruits, seed, peel,
leaf, flower, root and bark of P. granatum  plant was reported
for several pharmacological (anti-oxidant, anti-inflammatory,
anti-angiogenesis, anti-cancer) and toxicological activities
(cytotoxic  activity)9.  The   outer   ring   of   the   roselle   fruit is
commonly used in herbal infusions, tea,  jellies and jams for
the unique color and flavor10,11. Roselle has been reported for
several pharmacological properties like anti-hypertension,
anti-inflammation, anti-cancer and anti-hepatic disorders12,13.
The C. operculatus   tree  is  widely  found  in  Thailand,  India,
Vietnam, Laos and China. The flower buds of C. operculatus is
used in traditional medicine (to treat diarrhea) and reported
for anti-tumor,  antioxidant activity14-16. Leaves, roots and
seeds of C. ternatea  plant has been used for the treatment of

Fig. 1(a-b): Schematic representation of (a) Hydroxybenzoic acid and (b) Hydroxycinnamic acid derivatives
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inflammation and dementia and used as a laxative17. The
mulberry tree is commonly grown in all countries and used for
silkworm culturing. The fruit is rich in nutrients and used as
raw and processed food18. Mulberry fruits and leaves were
reported for several pharmacological importance and its
phytochemical content19,20.  The colored rice varieties that are
commonly cultured in southeast Asian countries were
reported for several pharmacological importance21. The
phytochemical content of rice bran varies among the cultivars
and depends on the extraction methods22,23.

The present study analyzed the influence of extraction
method on PCs, especially the derivatives of hydroxybenzoic
and  hydroxycinnamic  acids of representative plants such as
P. granatum, H. sabdariffa, C. operculatus, C. ternatea Linn,
Mulberry  and  Oryza  sativa  L.  indica  that are commonly
used  in  Thailand. Correspondingly, the antioxidant property
of the extracts has been studied. 

MATERIALS AND METHODS

Raw materials: The samples (Punica granatum [Tubtim in
Thai, Tubtim peel (TTP), Tubtim seed and seed coat (TTS)],
Hibiscus sabdariffa [Krajeab in Thai, Krajeab flower (KJ)],
Cleistocalyx operculatus [Ma kiang in Thai, Ma kiang seed coat
(MKSc), Ma kiang seed (MKS)], Clitoria ternatea L. [Butterfly pea
flower  (BP)],  Morus  spp.  [Mhon  in Thai, Mhon fruit (MB)],
Oryza sativa [Rice berry, Rice berry bran (RB)] were collected at
local markets of Samut Prakan province, Thailand and were
cleaned and dried. Then subjected to grinding and sieving
through mesh-60.  The dried samples were defatted by
hexane in the ratio of 1:10 (sample: hexane) for 3 times and
then they were dried at 50EC under vacuum oven. The
defatted samples were stored at -20EC until extraction.

Extraction: The samples were subjected to different
extraction  processes  using  four  different  solvents  such  as
(1)  Aqueous   extraction,   (2)   0.001M  HCl-water extraction,
(3) 80% ethanol extraction and (4) 0.1 M HCl-Ethanol (15:85)
extraction. The  different  extraction processes were done for
3 times (1 h each).  All  the  extracts  were  filtered  through
0.45 µm filter and dried by either using a vacuum freeze dryer
(CHRIST®, UK) or by vacuum oven (Binder, USA). Then the
extracts were stored at -20EC until analysis.

Estimation of phenolic content: The total phenolic content
(TPC) of the extracted samples were measured by the
modified Folin-Ciocalteu colorimetric assay as described
earlier22  and  the  values   were   denoted   as   mg   gallic  acid

equivalent   (GAE)/g     of   extracts.   The   amount   of
individual  phenolic  acids   (such   as   gallic,  protocatechuic,
p-hydroxybenzoic, chlorogenic, caffeic, syringic, p-coumaric
and ferulic acids) were determined by reversed-phase HPLC
with gradient elution (YL9100 HPLC system, Korea). The HPLC
standards were purchased from Wako (Japan). The mobile
phase consists of 100% methanol (A) and 0.1% trifluoroacetic
acid with the flow rate of 1.0 mL minG1. The SUPELCO,
AscentisTM C18 column, 5 µm., 250×4.6 mm (Sigma-Aldrich,
Germany) were used. Gradient elution was done using solvent
A at the concentration of 5, 10, 15 and 15-45% for 0-5, 6-10,
11-15 and 15-50 min, respectively. All samples were measured
in triplicate22.

Determination of antioxidant capacity: The antioxidant
capacity of the extracts was measured by 2, 2 -azino-bis-3-
ethylbenzothiazoline-6-sulphonic acid (ABTS) and ferric
reducing antioxidant power (FRAP) assays as detailed in our
previous reports22,24  and the values were reported as mg
trolox equivalent/g extract and mg FeSO4 equivalents/g
extracts, respectively. The chelation property of extracts was
determined through the ferrous ion (Fe2+) chelating assay25.
Briefly,  20 µL of extracts, 10 µL of 2 mM ferrous chloride and
25 µL of 5 mM ferrozine were mixed in 96 well plate. The
reaction was diluted using 200 µL of deionized water and the
plate was incubated at room temperature for 10 min and
measured at 562 nm. The values were represented as mg
EDTA equivalents/g extracts.

Statistical analysis:  Independent  triplicate samples were
used to determine  the  phenolic  acid  content and their
antioxidant activity to confirm the reproducibility of the
results. The values were given as mean±SD. Analysis of
variance (ANOVA) was performed to assess the differences in
the values. The SPSS software version 17 (Chicago, SPSS Inc,
U.S.A) was used for data analysis at 95% confidential level
(p<0.05).

RESULTS

Polyphenolic  content:  The  samples extracted with 0.1 M
HCl-ethanol extraction (acid-ethanol extraction, AEE) showed
maximum yield of total phenolic content (150.37±4.17,
36.66±1.04,  61.08±1.04,  117.11±0.35,  46.08±1.39,
48.91±0.52, 44.28±1.04 and 84.30±2.95 mg GAE per g of
TTP, TTS, KJ, MKS, MKSc, BP, MB and RB extract, respectively)
compared to that of the other extraction methods. The TTS
contains less number of phenolic compounds among the
studied samples (Fig. 2).
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Fig. 2: Total phenolic content of experimental samples. The results were expressed as gallic acid equivalent (GAE). a-f represents
the significant changes among the samples and  *Indicates the significant changes between different extraction methods
AE: Extract obtained from aqueous extraction, AAE: Extract obtained from 0.001M HCl-water extraction (acid-aqueous extraction, EE: Extract obtained from
ethanol extraction, AEE: 0.1 M HCl-ethanol extraction (acid-ethanol extraction)

Hydroxy benzoic acids and hydroxy cinnamic acids
content of all extracts were measured separately by HPLC.
Among the samples, TTP extracted with aqueous extraction
(AE), 0.001M HCl-water extraction (acid in aqueous extraction,
AAE), ethanol  extraction  (EE) and AEE showed maximum
gallic acid content (10.18±0.08, 12.18±0.14, 20.22±0.15 and
22.82±0.22 mg per g of extract, respectively) (Fig. 3a). The
high content  of  syringic  acid of about 0.75, 0.77±0.01,
1±0.01 and 1.02±0.01  mg  per  g of  BP extract were
obtained from the AE, AAE, EE and AEE methods, respectively.
The syringic acid was  not  detected in TTP, TTS and RB
samples (Fig. 3b). The TTS extract showed high content of
protocatechuic acid (1.80±0.02 and 1.87±0.03 mg per g of
extract obtained from EE  and   AEE   methods,   respectively) 
compared to that of the other samples. The  protocatechuic 
acid   was     not    detected    in    BP     (Fig.      3c).    Likewise,
p-hydroxybenzoic acid was not detected in TTP and RB.
Among the samples, TTS extracted with  AE,  AAE,  EE  and AEE
showed high p-hydroxybenzoic acid content (4.05±0.02,
4.25±0.05, 4.22±0.04 and 5.31±0.04 mg per g of extract,
respectively) (Fig. 3d).

The chlorogenic acid  was not found in TTP, MKS and
MKSc samples. The KJ extract showed high content of
chlorogenic acid content (2.44±0.02-4.11±0.05 mg per g

extract), p-coumaric acid content (0.74±0.01-1.07±0.02 mg
per g extract) and caffeic acid content (0.72-1.46±0.02 mg per
g of extract) varied on the extraction methods (Fig. 4). Caffeic
acid was not detected in TTS and BP samples (Fig. 4c). The
high content of ferulic acid of about 0.78±0.02-1.82±0.04 mg
per RB g of extracts were obtained from the extraction (AE,
AAE, EE and AEE) methods, respectively. The AE and AAE
extract of BP was not detected for ferulic acid (Fig. 4d).

Antioxidant  capacity: The ABTS  assay  was performed to
measure the total antioxidant capacity  of  the samples. The
TTP showed high trolox equivalent of antioxidant capacity
(TEAC) (1311.55±25.53,  1405.47±35.14,  1550.66±30.05,
1755.5±33.89 mg TEAC per g of  TTP samples extracted from
AE, AAE, EE, AEE  methods,  respectively) compared to the
TEAC of other extract samples (Fig. 5a). The ferric-reducing
antioxidant power (FRAP) of extracts was measured. Similarly,
TTP showed high FRAP value in a range of 6551.25±125.27-
8893.93±145.67  mg  FeSO4  per  g  of extract, respectively
(Fig. 5b). The ion  chelating  capacity  of the TTP and RB
samples were over served to be higher in a range of
166.40±2.33-215.50±4.30  and   27.75±0.56-144.60±2.89
mg EDTA equivalent per g of  TTP and RB extract, respectively
(Fig. 5c).
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Fig. 4(a-d): Continue
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Fig. 5(a-c): Trolox equivalent of  (A) Anti-oxidant capacity, (b) Ferric reducing antioxidant power and  (c) Ferrous ion chelating
capacity (C) of experimental samples. A-f represents the significant changes among the samples and *Indicates the
significant changes between different extraction methods
AE: Extract obtained from aqueous extraction, AAE: Extract obtained from 0.001M HCl-water extraction (acid-aqueous extraction, EE: Extract obtained
from ethanol extraction, AEE: 0.1 M HCl-ethanol extraction (acid-ethanol extraction)
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DISCUSSION

A detailed study on phenolic compounds of Italian
pomegranate revealed that pomegranate peel has a high
content of phenolic compounds compared to juice and pulp26.
In the present study, Thai pomegranate peel (Thai Tubtim
peel, TTP) extracts showed high TPC compared to the Thai
Tubtim seed and seed coat (TTS) extracts. The maximum TPC
(150.37±4.17 mg GAE/g of TTP extract) was observed in TTP
sample obtained from AEE method and low TPC (32.36±0.87
mg GAE/g of BP extract) was noted in BP sample obtained
from AE method. The TTP extracts obtained from AE, AAE, EE
and AEE was highly rich in TPC compared to other tested
samples (Fig. 2). A study suggested that methanolic extract of
Ma  Kiang leaves exhibited high TPC (511.44±18.23 mg
GAE/mg) and anthocyanin  (262.96±2.98  mg Quercetin
equivalent/mg) and exhibited  anti-aging  properties27. In the
current study, the extracts of Ma kiang seed (MKS) showed
high TPC than that of the extracts  of  Ma  kiang  seed  coat 
(MKSc) (Fig. 2). The  aqueous   extracts   of   leaves  and  flowers
of Malaysian C. ternatea L. was ~20.7 and 18.5 mg GAE/g
extract, respectively while methanolic extract exhibited high
TPC content of ~61.7 and 64.8 mg GAE/g extract,
respectively28. The present study results proved that AEE
yielded high TPC from C. ternatea L. flower (BP). High yield of
84.30±2.95 mg GAE/g extracts was observed in the RB extract
obtained from AEE method. Turkey mulberries were reported
with ~18-19 µg GAE/mg of sample29 of TPC. The ethanolic
extract of  Thai  white mulberry fruits was reported with
104.78-213.53 mg GAE  per  100  g  dry weight of  TPC and
69.58-211.01 mg catechin equivalent per 100 g dry weight of
flavonoid content30. The TPC of 33.71-44.28 mg gG1 of MB
extract was observed in the present study. The yield and
bioactivity in the current study was higher than previous
reports on Thai mulberry fruits30. The results suggested that
AEE method yielded high TPC from the tested samples. The
statistical analysis proved that the extraction methods
significantly influence the polyphenolic content of the extracts
(Fig. 2). 

The study proved that Spanish mulberry leaves contain
high caffeoylquinic acids and flavonols20. In the present study,
the samples KJ, MB and BP contains a relatively reduced
amount of gallic acid. The RB extract showed very low gallic
acid level in AE and AAE extraction methods while EE and AEE
methods yielded RB extract that are relatively high content of
gallic acid (Fig. 3a). The results showed that the TTP, TTS and
RB samples were not comprising a detectable level of syringic
acid. Likewise, BP samples lack a detectable amount of
protocatechuic   acid   and   TTP   and   RB   samples   were  not

containing a detectable amount of p-hydroxybenzoic acid
(Fig. 3b-d). The TTP and BP samples were recorded for high
content of gallic acid and syringic acid, respectively. The TTS
samples were recorded with a high content protocatechuic
and p-hydroxybenzoic acids (Fig. 3). Sentandreu et al.31

reported several phenolic, anthocyanins and some of the new
non-anthocyanin phenolic compounds in pomegranate juice.
Turkey pomegranate juice was reported for containing gallic,
ferulic, protocatechuic, caffeic, chlorogenic acids and several
organic acids32. In our study, chlorogenic acid content was not
detectable in the extracts of TTP, MKS and MKSc samples.
Likewise, p-coumaric acid content was not detectable in the
extracts of TTS and MB and caffeic acid content was not
detectable in the TTS and BP extracts. Each extracts of the
tested samples  contained  ferulic  acid  (Fig.  4). The KJ
extracts were found to contain high content  of  chlorogenic,
p-coumaric and caffeic acid compared to other samples. The
RB extracts contained high content of ferulic acid. P-coumaric
acid was not detectable in the AE of RB, but RB extract
obtained from other extraction methods displayed a
detectable level of p-coumaric acid (Fig. 4). These results and
statistical analysis suggested that extraction methods play a
crucial role in phenolic compound extraction. The results also
suggested that the plant samples need several extraction
steps to acquire the potential phytochemicals. 

The TTP extracts exhibited high antioxidant property
compared to that of the other samples and activity was
attributed  to  the  rich  gallic acid content of TTB (Fig. 5, 3a).
Next to TTP extracts, RB extract showed high ion chelating
property, which is possibly due to the presence of ferulic  acid 
 in   AEE  extract of RB (Fig. 5, 4d). About 18-42 mM TEAC of
antioxidant capacity was reported in pomegranate juice of
Iranian cultivars33. Arils, rinds and juice of Italian pomegranate
were documented for high antioxidant activity34. Likewise,
Thai pomegranate peel (TTP) showed a maximum of
1311.55±25.23 to 1755.5±33.89 mg TEAC per g of extracts,
whereas Thai pomegranate seed and seed coat (TTS) showed
only 29.22±1.05 to 61.03±1.53 mg TEAC per g of extracts
(Fig. 5a). Next to TTP, MKS extract showed high antioxidant
property (417.81±9.95 mg TEAC/g of MKS extract obtained
from AEE method) (Fig. 5a).

The AEE method was employed to reveal the
phytochemical content (anthocyanins and phenolic
compounds), antimicrobial  and  antioxidant properties of
various Mexican H. sabdariffa (Roselle) varieties35. The
phytochemical content of roselle was found to be varied
based on the cultivation conditions36. The antioxidant
evaluation of all parts of roselle suggested that roselle seeds
exhibited high antioxidant activity  and  that  could be a
potent food additive37,38. Recently,    phytochemical      content, 
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antioxidant   and anti-inflammatory properties of roselle leaves
of different origin  were   reported.   The   study   reported  that 
Thai variety consists  of  22.4±3.1  mg  gG1   extract   of   TPC 
and 126.7±5.9 mg gG1 extract of total  antioxidant capacity11.
In the present study, about 61.08±1.04 mg gG1 extract of TPC
and 115.86±2.9 mg gG1 extract of TEAC were observed in
roselle flower (Fig. 2, 5a). The flowers of C. ternatea  L. have
been reported  for antioxidant activities17,39. In the present
study, BP also exhibited antioxidant activity (Fig. 5a). 

The phytochemical content, antioxidant activity and
neuroprotective property of Taiwan mulberries at different
ripening stages were reported. The study concluded that
above bioactive properties were found to be varied based on
the types of phenolic compounds present in every ripening
stage40.  The free-radical scavenging property (70.25-95.18 mg
TEAC/g extracts) were observed in the present study. The
influence of extraction method on antioxidant property of rice
bran was reported previously23. The results of the current
study also proved that the extraction method influences the
yield and quality of rice bran extract. 

Collectively, AEE extracts of all the samples showed
maximum activity in all studied free-radical scavenging
models. The results suggested that AE was less effective, in
terms of  phenolic content and antioxidant capacity,
compared to other studied extraction methods. Addition of
acid in water and ethanol extraction significantly improved
the TPC and antioxidant activity. The results of the current
study strongly revealed that the extraction method greatly
influences the phytochemical content of extracts that is
responsible for bio-activity. The study strongly recommends
that a study material (plant) should undergo several extraction
processes to reveal the actual phytochemical content. 

CONCLUSION

High amount of phenolic compositions was extracted
with AEE methods than that of AE, AAE and EE methods,
respectively. Rationally, bound form of phenolics including
phenolic acids, flavonoids and anthocyanin pigments are
eluted easily from phytosomal vesicle. In this study,
pomegranate or Tubtim peel extracts was denoted as TTP,
which contained high total phenolic content represented as
gallic acid equivalent. Besides, highest subtype of each
phenolic acid compositions were analyzed including gallic
acid  of  TTP,  protocatechuic  acid  and  p-hydroxybenzoic acid
of TTS, chlorogenic acid, caffeic acid and p-coumaric acid of 
KJ, syringic acid of BP and ferulic acid of RB. Therefore, TTP
extracts  obtained   from   AEE   exhibited   high  biological

anti-oxidant activity (the  electron  transferring, reducing
power and  chelation  of  iron). Further investigation is
required  to  determine  the  better  extraction  method to
yield more bio-active compounds rich extracts to develop
cosmetics or nutraceuticals. 
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