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a  b  s  t  r  a  c  t

Pluchea  indica  (L.) Less.,  Asteraceae,  is  a medicinal  plant  which  contains  a  high  amount  of  phenolic  com-
pounds  such  as caffeoylquinic  acid derivatives.  The  leaves  have  been  traditionally  used  as  a  nerve  tonic
and extensively  as herbal  tea.  This  study  aimed  to  develop  and  validate  an  HPLC  method  to quantitatively
analyze  six caffeoylquinic  acid derivatives,  viz.  3-O-caffeoylquinic  acid,  4-O-caffeoylquinic  acid,  5-O caf-
feoylquinic  acid,  3,4-O-dicaffeoylquinic  acid,  3,5-O-dicaffeoylquinic  acid,  and  4,5-O-dicaffeoylquinic  acid
in P.  indica  leaf  extract.  HPLC  was  carried  out  in  a Hypersil  BDS  C18-column  eluted  with  0.5%  acetic  acid
in  water  and  methanol  using  gradient  elution  with  a flow  rate  of 1 ml/min  and  detection  at  326  nm.  The
method  validation  was performed  to assure  its  linearity,  precision,  accuracy  and  limits  of  detection  and
uantitative analysis
ethod validation

quantitation.  Several  extraction  techniques  including  maceration,  decoction,  digestion,  Soxhlet  extrac-
tion,  and  ultrasound  extraction,  were  used  to  extract  active  constituents.  The  ultrasound  extraction  with
50% ethanol  yielded  the highest  concentration  of  these  caffeoylquinic  acid derivatives  in the P. indica  leaf
extract.  Our developed  HPLC  method  is  simple  and  reliable  for  a routine  analysis  of the  six caffeoylquinic
acids  in P.  indica  leaves  and  could  potentially  be applied  to be  used  in commercial  herbal  products.

© 2018  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
he  CC
access  article  under  t

ntroduction

Pluchea indica (L.) Less., Asteraceae, is an evergreen shrub,
ommonly known as Indian camphorweed, Indian fleabane and
ndian pluchea. It is widely distributed in India, Southern China,
outheast Asia, Australia and the Pacific Islands. It can be found
bundantly in brackish marshes, mangrove forest and other saline
abitats (eFloras, 2008). Young leaves and shoots are edible and
onsumed as salad or side-dish to rice. P. indica herbal tea has
een commercially available in Thailand as a health-promoting
rink (Office of Mangrove Resources Conservation, 2009). In Thai
raditional medicine, leaves are used as a nerve tonic and for the
reatment of inflammation. Whole plants are used for treating hem-
rrhoids, constipation, aphthous ulcer and gallstone (Srisook et al.,

012; Neamsuvan and Ruangrit, 2017). Pluchea indica leaves were
ound to possess various biological activities including antioxidant
Widyawati et al., 2014), anti-inflammatory (Buapool et al., 2013),

∗ Corresponding author.
E-mail: boonyadist@go.buu.ac.th (B. Vongsak).

https://doi.org/10.1016/j.bjp.2018.03.002
102-695X/© 2018 Sociedade Brasileira de Farmacognosia. Published by Elsevier Edit
reativecommons.org/licenses/by-nc-nd/4.0/).
 BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

hypoglycemic and antihyperglycemic activities (Pramanik et al.,
2006).

Previous phytochemical studies demonstrated that leaves of
P. indica contain caffeoylquinic derivatives (Arsiningtyas et al.,
2014), flavonol aglycones (quercetin, kaempferol, myricetin)
(Andarwulan et al., 2010), and terpenoid (10S,11S-himachala-
3(12)-4-diene) (Widyawati et al., 2013). An HPLC-PDA-MS
study revealed that caffeoylquinic derivatives such as 3-O-
caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic
acid, 3,4-O-dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid and
4,5-O-dicaffeoylquinic acid are major compounds of P. indica leaves
(Shukri et al., 2011). These derivatives also have been shown to
possess antioxidant, anti-inflammatory activity, inhibiting HMG-
CoA reductase and alpha-glucosidase enzyme (Xu et al., 2012;
Vongsak et al., 2013; Chen et al., 2014; Arantes et al., 2016; Motaal
et al., 2016). Thus, the six caffeoylquinic derivatives which are the
major active compounds could be used as marker compounds for

the quality assessment of P. indica leaves extract.

Several analytical methods including HPLC (Andarwulan et al.,
2010), HPLC-PDA-MS2 (Shukri et al., 2011), GC and GC–MS (Le
et al., 2000) have been reported for the quantification of some

ora Ltda. This is an open access article under the CC BY-NC-ND license (http://
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hytochemical compounds in P. indica leaves. However, there
as been no previous report on the simultaneous determination
f six caffeoylquinic derivatives viz.  3-O-caffeoylquinic acid (3-
Q), 4-O-caffeoylquinic acid (4-CQ), 5-O-caffeoylquinic acid (5-CQ),
,4-O-dicaffeoylquinic acid (3,4-CQ), 3,5-O-dicaffeoylquinic acid
3,5-CQ), and 4,5-O-dicaffeoylquinic acid (4,5-CQ). Therefore, this
tudy was conducted to identify the appropriate extraction method
nd perform a quantitative HPLC validation of the six caffeoylquinic
cids in the P. indica leaves extracts collected from various regions
n Thailand.

aterials and methods

hemicals and reagents

HPLC grade methanol was purchased from Labscan (Thailand).
eionized water was purified by Ultra Clear system (Siemen Water
echnologies Corp., USA). Glacial acetic acid was purchased from
abscan (Thailand) while all reagents were of analytical grade. 3-
Q, 4-CQ, 5-CQ, 3,4-CQ, 3,5-CQ and 4,5-CQ were purchased from
hengdu Biopurify Phytochemicals Ltd., China.

lant materials

The mature leaves of Pluchea indica (L.) Less., Asteraceae, were
ollected from fourteen different provinces in Thailand as fol-
ows: (1) Laplae District, Uttaradit Province; (2) Muang District
akhon Ratchasima; (3) Muang District, Nonthaburi; (4) Muang
istrict, Samut Sakhon; (5) Muang District, Samut Songkhram; (6)
ayang District, Petchaburi; (7) Pranburi District, Prachuap Khiri
han; (8) Paktor District, Ratchaburi; (9) Muang District, Chonburi;

10) Leam sing District, Chanthaburi; (11) Klaeng District, Ray-
ng; (12) Muang District, Phuket; (13) Hadyai District, Songkhla;
14) Phrasaeng District, Surat Thani in July to August, 2016. The
pecimens, (voucher numbers JAM16001-JAM16014, respectively),
ere identified using the identification key provided in Flora of

hailand and deposited at Faculty of Pharmaceutical Sciences,
urapha University, Chonburi, Thailand. The leaves were cleaned
y washing with tap water and a portion was dried in a hot air oven
t 50 ◦C for 24 h. The dried leaves were ground to pass through a
.5 mm sieve, kept in sealed containers and protected from light
ntil used. For the assessment of a suitable extraction method, the
ample from Chanthaburi Province was utilized. The method that
rovided the highest amount of marker constituents was selected
or the sample extraction.

ample extraction

aceration extraction

For maceration extraction, the dried powdered leaves were
laced in an Erlenmeyer flask, with 50% ethanol (1:20, w/v) at room
emperature (28 ± 2 ◦C) for 72 h with occasional shaking. The plant
esidue was re-extracted again by the same method.

ecoction extraction

The dried leaf powder was boiled with distilled water (1:20, w/v)
t 80 ± 5 ◦C for 15 min  and then filtered. Each extraction method
as carried out three times. The marc was re-extracted twice more.
igestion extraction

The dried powdered leaves were separately digested with 50%
thanol and distilled water (1:20, w/v) for 6 h at 60 ± 5 ◦C. The
e Farmacognosia 28 (2018) 145–150

extract was filtered and the marc was re-extracted by the same
process.

Soxhlet extraction

The dried powder was  placed into an extraction thimble and
separately extracted with 50% ethanol and distilled water (1:20,
w/v) for 6 h until exhaustion.

Ultrasound extraction

The dried powder was  placed in an Erlenmeyer flask and
extracted separately with 50% ethanol and distilled water (1:20,
w/v) using an ultrasonic bath (Bandelin Sonorex Digitec, Type:
DT1028H, Germany) with ultrasound 35 kHz at 40 ± 5 ◦C for 15 min.
The marc was  re-extracted twice more.

Each extraction method was carried out three times. The com-
bined extracts from each sample were separately filtered through
a Whatman No. 1 filter paper. The filtrate was dried under reduced
pressure at 50 ◦C using a rotary evaporator. The crude extract was
weighed and kept in a tight container protected from light at 0 ◦C.
Each sample was prepared by accurately weighing P. indica extract
and dissolving in methanol. To enable a complete dissolution, each
sample was  sonicated for 30 min. Prior to an injection, each sample
was filtered through a 0.22 �m nylon membrane and then analyzed
in triplicate.

Stock and working solution of standards

Stock solutions of standard compounds were prepared by accu-
rately weighing and dissolving the compounds in methanol to
obtain the final concentration of 1000 �g/ml. Working solution of
standard compounds were obtained by diluting the stock standard
solutions with methanol to achieve the desired concentrations.

HPLC apparatus and chromatographic conditions

HPLC separation was  achieved on an Agilent 1260 Series (Agilent
Technologies, USA) equipped with a 1260 Quat pump VL quater-
nary pump, 1260 ALS autosampler, 1260 TCC column thermostat,
and 1260 DAD VL diode array detector. The separation was done in
a Hypersil BDS C18 column (4.6 × 100 mm i.d., 3.5 �m)  with a C18
guard column (4 × 10 mm i.d., 3 �m).  The mobile phases were (A)
0.5% acetic acid in water and (B) methanol using gradient elution:
10% B in A to 50% B in A for 40 min; 100% B for 10 min. This col-
umn  was re-equilibrated with 10% B in A for 10 min  prior to each
analysis and the flow rate was  set at 1.0 ml/min with the controlled
temperature at 25 ◦C. DAD detector was set at the wavelength of
326 nm and injection volume was 5 �l for every sample and refer-
ence standard.

Method validation

The method was  validated for linearity, precision, accuracy, limit
of detection (LOD) and limit of quantitation (LOQ) according to
the International Conference on Harmonization guidelines (ICH,
1996/2005).

Linearity

Linearity was  determined by using working standard solutions

of 3-CQ, 4-CQ, 5-CQ, 3,4-CQ, 3,5-CQ, and 4,5-CQ at concentrations
of 150, 75, 37.5, 18.75, 9.38, and 4.69 �g/ml. Each concentration
was analyzed in triplicate. The calibration curves were obtained by
plotting the peak area versus the concentration of each standard.
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Fig. 1. HPLC chromatograms of Pluchea indica leaf extract (A) and authen-
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recision

The intraday precision was determined by analyzing 37.5 �g/ml
olution of 3-CQ, 4-CQ, 5-CQ, 3,4-CQ, 3,5-CQ, and 4,5-CQ seven
imes within one day while the interday precision was  examined
or three consecutive days by the proposed method. The precision
as expressed as percent relative standard deviation (%RSD).

ccuracy

Recovery was used to evaluate the accuracy of the method.
tandard addition was performed with the pre-analysed standard
olution. Three different standard mixtures (approximately 50%,
00% and 150% of the determined content of P. indica leaves extract)
f 3-CQ, 4-CQ, 5-CQ, 3,4-CQ, 3,5-CQ, and 4,5-CQ were added to
he samples. Spiked samples were prepared in triplicate and three
eterminations were performed. The recovery was calculated as
ollows:

ecovery(%) = 100 ×
(

amount found − original amount
amount spiked

)

imit of detection (LOD) and limit of quantitation (LOQ)

A series of concentrations was achieved by diluting the lowest
oncentration of the working solutions with methanol. The LOD, at

 signal to noise ratio (s:n) of 3:1, and LOQ, at a signal to noise ratio
s:n) of 10:1, were performed.

tatistical analysis

The average contents of caffeoylquinic acids of the extracts using
he different extraction techniques were statistically examined
sing one-way analysis of variance (ANOVA) with least signifi-
ant difference (LSD) by SPSS for Windows 16.0 (IBM Corporation,
.S.A.). A statistical probability (p value) less than 0.05 indicated a

tatistically significant difference between groups.

esults and discussion

An HPLC method was developed for analyzing the contents
f active compounds in P. indica leaves extracts: 3-CQ, 4-CQ, 5-
Q, 3,4-CQ, 3,5-CQ, and 4,5-CQ. From various mobile phase trials,
ur system gave symmetric peaks and provided the most efficient
eparation. The wavelength at 326 nm,  which was  the maximum
bsorbance of these compounds, was used. The chromatograms

f P. indica leaves extract and authentic compounds are shown in
ig. 1.

In order to ensure that the method is suitable for its intended
sed, the method validation has been performed according to

able 1
ethod validation parameters by the proposed HPLC method.

Parameters

5 CQ 3 CQ 4 CQ 

Regression equationa Y = 17.477X + 22.837 Y = 15.264X + 10.801 Y = 16.818
Correlation coefficient (r2) 0.9995 0.9998 0.9998 

Linear  range (�g/ml) 4.69–150 4.69–150 4.69–150 

Intraday, %RSD 0.69 0.72 0.73 

Interday, %RSD 1.50 1.53 1.87 

LOQ,  �g/ml 0.1 0.1 0.1 

LOD,  �g/ml 0.03 0.03 0.03 

a X is the concentration of the compounds. Y is the peak area at 326 nm.
tic  compounds (B): 3-O-caffeoylquinic acid (3-CQ), 4-O-caffeoylquinic acid
(4-CQ), 5-O-caffeoylquinic acid (5-CQ), 3,4-O-dicaffeoylquinic acid (3,4-CQ), 3,5-O-
dicaffeoylquinic acid (3,5-CQ) and 4,5-O-dicaffeoylquinic acid (4,5-CQ).

the ICH guidelines (ICH, 1996/2005). The proposed HPLC method
showed acceptable validation parameters (Table 1). The calibration
curves were obtained by plotting the peak area versus the concen-
tration of the standards and proved that the method was linear
within the range of 4.69–150 �g/ml for 3-CQ, 4-CQ, 5-CQ, 3,4-CQ,
3,5-CQ, and 4,5-CQ with correlation coefficient (r2) ≥ 0.9994. The
percent relative standard deviation (%RSD) values of intraday and
interday precision were lower than 3.21%. The LOD, at a signal to
noise ratio (s:n) of 3:1, and LOQ, at a s:n of 10:1 were found to
be 0.03 and 0.1 �g/ml, respectively, for 3-CQ, 4-CQ, 5-CQ, 3,4-CQ,
3,5-CQ, and 4,5-CQ, indicating high sensitivity of the method. The
average recoveries of six caffeoylquinic acid derivatives were in
the range of 96.58–99.41% which indicated good accuracy of the
analytical method (Table 2).

The quantification of 3-CQ, 4-CQ, 5-CQ, 3,4-CQ, 3,5-CQ, and 4,5-
CQ was performed using ten samples of P. indica leaf extracts from
different extraction methods and fourteen samples from different
locations in Thailand. Fifty percent ethanol and distilled water were
selected as the solvent in this study because of their abilities to

extract higher amount of total phenolic contents (Widyawati et al.,
2014). Fifty percent ethanol extract contained higher amounts of
3,4-CQ, 3,5-CQ, and 4,5-CQ than aqueous extract using the same
extraction method (Table 3), likely due to similar polarity between

Results

3,4 CQ 3,5 CQ 4,5 CQ

X + 10.927 Y = 46.118X + 43.591 Y = 24.131X + 24.297 Y = 18.839X + 15.506
0.9995 0.9994 0.9996
4.69–150 4.69–150 4.69–150
0.72 0.70 0.73
2.12 2.12 3.20
0.1 0.1 0.1
0.03 0.03 0.03
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Table 2
Recovery studies of six caffeoylquinic acid derivatives.

Serial no. Compound Theoretical (�g/ml) Founda (�g/ml) Recoverya (%)

1 5 CQ 11.36 11.70 ± 0.29 102.55 ± 2.57
3  CQ 43.71 43.19 ± 1.09 98.81 ± 2.49
4  CQ 15.95 15.91 ± 0.26 99.74 ± 1.62
3,4  CQ 7.71 7.74 ± 0.10 100.32 ± 1.24
3,5  CQ 17.01 16.83 ± 0.75 98.93 ± 4.43
4,5  CQ 31.69 30.90 ± 0.97 97.52 ± 3.06

2  5 CQ 16.73 16.93 ± 0.033 98.80 ± 0.19
3  CQ 60.96 62.12 ± 1.03 98.13 ± 1.69
4  CQ 23.54 22.73 ± 0.39 103.58 ± 1.65
3,4  CQ 12.69 12.08 ± 0.54 105.01 ± 4.26
3,5  CQ 24.14 25.42 ± 1.10 94.98 ± 4.56
4,5  CQ 42.76 43.69 ± 1.64 97.87 ± 3.85

3  5 CQ 20.70 19.79 ± 0.90 95.59 ± 4.33
3  CQ 78.46 74.09 ± 3.14 94.42 ± 4.01
4  CQ 30.80 28.41 ± 1.46 92.26 ± 4.73
3,4  CQ 16.62 15.44 ± 1.16 92.90 ± 6.98
3,5  CQ 30.89 29.60 ± 1.36 95.84 ± 4.40
4,5  CQ 55.18 51.96 ± 2.77 94.17 ± 5.02

Average  5 CQ 98.98
3  CQ 97.12
4  CQ 98.53
3,4  CQ 99.41
3,5  CQ 96.58
4,5  CQ 96.52

a Expressed as mean ± SD (n = 3).

Table 3
The content of six caffeoylquinic acid derivatives in Pluchea indica leaf extracts of different extraction methods analyzed by the validated HPLC method.

Method Content of major compoundc (% w/w)

5-CQ 3-CQ 4-CQ 3,4-CQ 3,5-CQ 4,5-CQ

Maceration with 50% ethanol 2.19 ± 0.16a 17.53 ± 1.22a 3.45 ± 0.25a 2.84 ± 0.22a 12.69 ± 0.95a 31.85 ± 2.10a

Decoction with distilled water 2.57 ± 0.08b 15.55 ± 0.34b 3.96 ± 0.10b 2.81 ± 0.06a 10.26 ± 0.22b 22.68 ± 0.41b

Digestion with 50% ethanol 2.37 ± 0.19ab 18.08 ± 1.41a 3.64 ± 0.28ab 2.72 ± 0.23a 12.41 ± 1.03a 30.94 ± 2.52a

Digestion with distilled water 2.46 ± 0.07b 17.10 ± 0.18a 3.68 ± 0.05a 2.07 ± 0.03b 8.38 ± 0.16c 18.37 ± 0.27c

Soxhlet with 50% ethanol 2.31 ± 0.05a 17.63 ± 0.49a 3.57 ± 0.09a 2.72 ± 0.08a 12.19 ± 0.36a 30.59 ± 0.84a

Soxhlet with distilled water 2.79 ± 0.05c 16.79 ± 0.66a 3.76 ± 0.07a 1.85 ± 0.09c 6.66 ± 0.43d 12.77 ± 0.80d

Ultrasound with 50% ethanol 2.67 ± 0.20bc 18.54 ± 1.19a 3.85 ± 0.26ab 2.86 ± 0.19a 13.15 ± 0.84a 31.03 ± 1.89a

Ultrasound with distilled water 2.78 ± 0.19bc 17.48 ± 1.03a 3.90 ± 0.23ab 2.10 ± 0.14b 8.24 ± 0.52c 15.69 ± 0.98e

Average 2.52 17.34 3.72 2.50 10.50 24.24
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c Expressed as mean ± SD (n = 3), different letters in the same column indicate sig

hese compounds and the solvent. The average contents of caf-
eoylquinic acid derivatives from various extraction methods in the
tudy were 17.34, 3.72, 2.52, 2.50, 10.50, and 24.24% w/w  for 3-CQ,
-CQ, 5-CQ, 3,4-CQ, 3,5-CQ, and 4,5-CQ, respectively (Table 3). The
ltrasound extraction with 50% ethanol yielded higher contents of
hese constituents. It also has an advantage of being simple and
apid. Therefore, this technique was selected for the extraction P.
ndica leaves from different regions.

The concentrations of 3-CQ, 4-CQ, 5-CQ, 3,4-CQ, 3,5-CQ, and
,5-CQ in P. indica leaves extracts from various areas in Thailand
anged from 1.02 to 18.54 (average 5.60), 0.40 to 3.85 (average
.31), 0.13 to 2.67 (average 0.65), 0.06 to 2.86 (average 0.95),
.57 to 15.67 (average 5.29), 1.46 to 31.03 (average 13.82) %
/w, respectively (Table 4). P. indica leaves collected from Chan-

haburi province contained the highest amount of chlorogenic
cid derivatives (18.54 ± 1.19, 3.85 ± 0.26, 2.67 ± 0.20, 2.86 ± 0.19,
3.15 ± 0.84, 31.03 ± 1.89%, w/w of 3-CQ, 4-CQ, 5-CQ, 3,4-CQ, 3,5-

Q, and 4,5-CQ, respectively), while sample collected Nakhon
atchasima province contained the lowest amount of these deriva-
ives (1.53 ± 0.29, 0.45 ± 0.04, 0.13 ± 0.02, 0.46 ± 0.08, 1.96 ± 0.54,
.87 ± 0.41% w/w of 3-CQ, 4-CQ, 5-CQ, 3,4-CQ, 3,5-CQ, and 4,5-CQ,
nt difference at p < 0.05 using one-way ANOVA.

respectively). Different locations of plant samples provided diverse
phenolic contents possibly due to many influencing factors such
as climate, geographical conditions and environmental variations.
For instance, the effect of rainfall is a key factor influencing eleven
phenolic constituent contents in Thymus capitatus from nine popu-
lations collected in six bioclimatic areas of Tunisian (Jaouadi et al.,
2018). In Thailand, the climate in the eastern region consists of
higher occurrence of tropical monsoon that results in higher rainfall
and humidity. On contrary, the northeastern part consists mainly
of the dry plateau and the weather is mostly warm and dry all
year. Even in the rainy season, the rainfall in Nakhon Ratchasima
Province was lower than other provinces in this study (Vongsak
et al., 2015; Climatological Center, 2018).

The leaves of P. indica has long been used as traditional medicine
in tropical and subtropical countries and it is abundantly found
in many parts of Thailand. Biodiversity-Based Economy Devel-
opment Office (Public Organization) had promoted sustainable

biodiversity-based economy to develop value added P. indica
herbal product. This information would be useful as a guideline
for quality control of P. indica leaves to be used as herbal raw
materials.
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Table 4
The content of six caffeoylquinic acid derivatives in P. indica leaf extracts of different provenances in Thailand analyzed by the validated HPLC method.

Region/location Content of major compounda (% w/w)

5-CQ 3-CQ 4-CQ 3,4-CQ 3,5-CQ 4,5-CQ

Northern
Uttaradit 0.72 ± 0.11 8.33 ± 1.07 1.46 ± 0.44 1.69 ± 0.20 15.67 ± 2.32 27.71 ± 3.17

North  eastern
Nakhon Ratchasima 0.13 ± 0.02 1.53 ± 0.29 0.45 ± 0.04 0.46 ± 0.08 1.96 ± 0.54 5.87 ± 0.41

Central
Nonthaburi 0.71 ± 0.08 5.81 ± 0.62 1.69 ± 0.15 1.03 ± 0.11 7.93 ± 0.69 18.79 ± 2.24
Samut  Sakhon 0.17 ± 0.04 1.34 ± 0.16 0.40 ± 0.06 0.24 ± 0.06 1.24 ± 0.13 3.49 ± 0.51
Samuth  Songkhram 0.51 ± 0.05 4.52 ± 0.42 1.41 ± 0.12 1.03 ± 0.12 6.32 ± 0.60 20.83 ± 1.85
Ratchaburi 0.62 ± 0.13 5.01 ± 0.74 1.22 ± 0.18 0.70 ± 0.14 0.61 ± 0.04 15.39 ± 0.20

Eastern
Chonburi 0.60 ± 0.04 5.28 ± 0.06 1.46 ± 0.02 1.10 ± 0.06 8.05 ± 0.15 18.78 ± 0.25
Chanthaburi 2.67 ± 0.20 18.54 ± 1.19 3.85 ± 0.26 2.86 ± 0.19 13.15 ± 0.84 31.03 ± 1.89
Rayong  0.21 ± 0.02 1.02 ± 0.02 0.43 ± 0.03 0.06 ± 0.01 0.57 ± 0.05 1.46 ± 0.06

Southern
Phuket  0.61 ± 0.14 6.19 ± 1.17 1.32 ± 0.36 1.28 ± 0.23 6.89 ± 1.08 18.16 ± 2.09
Songkhla  0.50 ± 0.01 5.70 ± 0.32 0.96 ± 0.02 0.91 ± 0.04 7.64 ± 0.47 9.38 ± 0.36
Surat  Thani 0.41 ± 0.20 6.65 ±1.63 1.22 ±0.26 0.73 ±0.22 3.82 ± 1.24 8.84 ± 1.95

Average  0.65 5.60 1.31 0.95 5.29 13.82
Min  0.13 1.02 0.40 0.06 0.57 1.46
Max  2.67 18.54 3.85 2.86 15.67 31.03

a Expressed as mean ± SD (n = 3).
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onclusion

The HPLC method for the analysis of six caffeoylquinic acid
erivatives content in P. indica leaves extract was developed and
alidated. From the results of validation parameters, the method
as fast, precise and accurate. This proposed HPLC method could

e applied for a routine analysis to ensure the quality of P. indica
eaf extract and its nutritional products.
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